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Abstract 

The objective of this study was to evaluate bone-density changes around the teeth during 

orthodontic treatment by using cone-beam computed tomography (CBCT). CBCT was used to 

measure the bone densities around six teeth (both maxilla central incisors, lateral incisors, and 

canines) before and after 7 months of orthodontic treatment in eight patients. In addition, each root 

was divided into three portions (cervical, intermediate, and apical) to determine whether the 

bone-density change varied with tooth level. The mean reduction in bone density around the 

measured teeth was 24% after orthodontic treatment. The bone-density reduction around teeth was 

largest for the upper-right and upper-left central incisor (29% and 26%, respectively), and ranged 

from 20% to 23% for the other four teeth. The mean bone-density reduction did not differ 

significantly between the cervical, portion, and apical portions of the teeth (26%, 22%, and 24%, 

respectively). CBCT is useful for evaluating bone-density changes around teeth during orthodontic 

treatment. The bone density around the teeth reduced significantly after the application of 

orthodontic forces for 7 months.  

 

Keywords: cone-beam computed tomography, orthodontics, tooth movement, bone density  

 

 

 

 

 



Introduction 

Orthodontic treatment has been a popular oral rehabilitation approach for several decades. 

Orthodontists correct irregularities of the teeth themselves or the relation between the teeth and 

surrounding anatomy in order to correct malocclusion problems or for aesthetic reasons. In general, 

orthodontists can straighten the teeth or otherwise move them into better positions within several 

months to years, which is readily observable externally. In contrast, changes in density of the 

alveolar bone around teeth during orthodontic treatment are difficult to observe and measure.  

 

Some researches [1-4] have indicated that the alveolar bone fraction and tissue mineral density 

are reduced after orthodontic treatment in rat models. The main reason was the newer bone induced 

by the application of orthodontic forces having lower mineralization and being less dense than older 

bone [5,6]. However, all of these studies were based on animal experiments. Some researchers have 

created three-dimensional finite element models of the teeth and jawbone to study the response of 

the alveolar bone to orthodontic forces [7-10]. However, it is difficult to simulate the 

time-dependent effects such as bone-density changes after several months of orthodontic treatment 

in the finite element method. Thus, few finite element researches have investigated bone-density 

change during orthodontic treatment.  

 

Several noninvasive methods can be used to measure the alveolar bone density, including 

digital image analysis of microradiographs [11], dual energy x-ray absorptiometry [12,13], and 

ultrasound [14]. However, all of these approaches have inherent limitations, such as nonavailability 

of three-dimensional information and the evaluation being only qualitative. Computed tomography 

(CT) is one of the most useful medical image techniques for obtaining data on both the structure 

and density of body tissue. Theoretically, the bone density in Hounsfield units (HU) is directly 

related to the tissue attenuation coefficient [15-17]. Some clinicians and researchers [18-22] have 

used CT to investigate the bone density in potential implant sites prior to dental implant 

implantation. However, CT is not an acceptable approach for evaluating the alveolar bone density 



during orthodontic treatment due to its high radiation dosage, especially given that patients typically 

need several CT scans over several months. Aranyarachkul et al. [23] have demonstrated that 

cone-beam CT (CBCT) could be an alternative diagnostic method for bone density evaluation, 

especially since the reported radiation dosage is much less than that for CT. 

 

Previous studies [7-10] using histomorphometric methods in animal experiments have 

indicated that the bone fraction and mineral density are reduced during tooth movements associated 

with orthodontic treatment. However, no data on human subjects have been published. The 

objective of this study was therefore to use CBCT to investigate changes in the alveolar bone 

density around teeth after 7 mouths of orthodontic treatment. The hypothesis tested by this study 

was that the bone density around the teeth would reduce after orthodontic treatment. 



Materials and Methods 

Patient selection and CBCT scan setup  

Eight patients (three females and five males, aged from 20 to 25 years) were selected in this 

study. The beam-hardening effect was avoided by excluding patients with metal crowns, dental 

bridges, and dental implants. A stainless steel bracket (Micro-arch, Roth type, Tomy International, 

Tokyo, Japan) and improved superelastic NiTi-alloy archwire (LH wire, Tomy International) were 

used in this study. All of our patients received nonextraction orthodontic treatment. In addition, the 

patients had no systemic diseases and were not receiving medication treatments. The CBCT images 

were obtained before and after 7 months of orthodontic treatment using the i-CAT scanner (Imaging 

Sciences International, Hatfield, USA). Before CBCT scanning, the patient was placed in a seated 

position with the head upright and positioned so that the intersection lines were straight horizontal 

and vertical through the centre of the region of interest. CBCT images were taken with the 

following parameters: 120 kVp, 47 mA, 250 µm voxel resolution, and 16-cm field of view (FOV). 

The ethical issues of the research protocol were approved by the institutional research board of 

China Medical University and Medical Center. 

 

Measurement of bone density around the teeth 

The six teeth in the anterior region of the maxilla (right canine, right lateral incisor, right 

central incisor, left central incisor, left lateral incisor, and left canine) were selected as the target 

teeth. The CBCT images of each patient were imported into professional medical imaging software 

(Mimics 10.0, Materialise, Leuven, Belgium) to construct a three-dimensional (3D) computer 

model. Prior to measuring the bone densities around teeth, the 3D model was resliced to obtain new 

CBCT slices of the teeth that were perpendicular to the longitudinal axes of the teeth (i.e., passing 

from the tips of the crowns to the tips of the roots) by using the “reslice” function in the software 

program. The separation between adjacent resliced images was set as 250 µm. The bone density 

around the tooth was assessed at three levels: cervical, intermediate, and apical portions; where the 

cervical and intermediate portions were located 3 and 8 mm above the cementoenamel junction, 



respectively, and the apical portion was located 1 mm below the root tip (Figure 1). In addition, 

three adjacent slices of the cervical and intermediate portions and two adjacent slices of the apical 

portion were used to obtain more completed information.  

 

The steps involved in measuring the bone density in the middle slice of the intermediate 

portion of the upper-right lateral incisor of patient #5 are shown in Figure 2. First, the area of the 

tooth in the slice was selected based on the grayscale threshold value (approximately 1100) of the 

cementum (Figure 2a). This was expanded by 1 voxel (250 µm) to include the thickness of the 

periodontal ligament (PDL) (Figure 2b) [24], and then by a further 3 voxels (750 µm) to include the 

surrounding bone (Figure 2c). Finally, the combined area of the tooth plus PDL was subtracted from 

the entire area (tooth plus PDL plus surrounding bone) using a Boolean operation to obtain the bone 

density (as the grayscale value) of the bone around the tooth (Figure 2d).  

 

Statistical analysis  

The accuracies of the instrumentation and measurements were validated before analyzing the 

bone-density changes during orthodontic treatment. Two phantoms (constructed from water and 

high-density acrylic) with specific densities were used to validate the consistency at two CBCT 

scanning times (performed on the same days in all patients at before and 7 months after orthodontic 

treatments). The intraclass correlation coefficient (ICC) and repeated-measures analysis of variance 

(ANOVA) were used to determine the reliability of the CBCT instrument. The ICC and p value of 

repeated-measures ANOVA tests were 0.993 and 0.891, respectively. In addition, two statistical 

analyses were used to assess the reliabilities of intraexaminer and interexaminer measurements. The 

interexaminer error was determined by the bone density around the tooth in a certain CBCT slice 

being measured once by each of two examiners—the ICC and p value of repeated-measures 

ANOVA tests were 0.956 and 0.608, respectively. The intraexaminer error was determined by the 

bone density around the tooth in a certain CBCT slice being measured five times by a single 

examiner—the ICC and p value of repeated-measures ANOVA tests were 0.987 and 0.727, 



respectively. These values indicate that the intraexaminer and interexaminer errors of this method 

could be neglected in this study. The bone-density changes around the teeth after 7 months of 

orthodontic treatment were analyzed using the Wilcoxon signed-rank test. In addition, the 

bone-density changes in different teeth were analyzed using the Kruskal-Wallis test. The cutoff for 

statistical significance was a p value of 0.05. All the statistical analyses were performed by the SAS 

statistical package (SAS Institute, Cary, NC). 



Results 

None of the patients complained during the 7 months orthodontic treatment. The mean body 

weight of the patient decreased by about 5% from the first week, but this lost weight was recovered 

after 1 month. The irregular teeth moved into better positions after the orthodontic treatment in all 

patients. For the example of patient #5 (Figure 3a,b), mapping the computer models of maxilla 

molars obtained using RapidFoam software (Inus Technology, Seoul, Korea) before (Figure 3c) and 

after (Figure 3d) orthodontic treatment readily revealed that the teeth in the anterior region of 

maxilla moved into better positions, resulting in overall U-shaped dentition. 

 

In all eight patients, with the exception for the apical portion of the upper-left lateral incisor 

(UL2) and the cervical portion of upper-left canine (UL3) of patient # 3 (Figure 4c), the bone 

density around the maxilla anterior teeth reduced by 24.3±9.5% (mean±standard deviation); range 

1.8–48.0% during 7 months of orthodontic treatment (Figure 4).  

 

The mean bone-density reduction was greatest in both central incisor: by 29.0% and 25.8% in 

the upper-right and upper-left central incisors, respectively (Table 1); followed by the upper-right 

and upper-left canine teeth (23.1% and 22.9%) and then the upper-right and upper-left lateral 

incisors (22.0% and 20.7%) (Table 1). The mean bone-density changes did not differ significantly 

between the cervical, intermediate, and apical portions of the teeth: 25.9%, a 21.9%, and 23.9%, 

respectively (Table 1). 

 



Discussion 

Orthodontic treatment not only moves irregular teeth to better positions but also induces a 

response in the alveolar bone. However, the tissue response inside the alveolar bone is difficult to 

observe. Although some studies have evaluated the bone response during tooth movements 

associated with orthodontic treatment, most of them have only investigated animal [1-4] or 

performed computer simulations [7-10]. To our best knowledge, no published papers have focused 

on the bone-density changes during orthodontic treatment in human subjects. This study has 

pioneered the use of a CBCT approach to assess the bone-density changes around teeth during 

movements induced by orthodontic treatment. 

 

Many orthodontists have confused the terms of “modeling” and “remodeling” in recent 

decades [25]. According to the definitions of Frost et al., “modeling” is the sculpting mechanism 

that uses the raw material of bone growth to shape structures, whereas “remodeling” is the 

mechanism involving the lifelong skeletal turnover and maintenance [25]. Basically, tooth 

movements resulting from orthodontic forces provide a mechanical stimulus to biological responses, 

and the transformation involves both bone modeling and remodeling. Previous animal experimental 

studies have indicated that the alveolar bone around a tooth is significantly affected by orthodontic 

force [1-3,25,26], but it was unclear whether these evaluations applied in vivo to human subjects.  

 

Some researches have demonstrated that CT is a very useful approach for evaluating the 

alveolar bone density. Most of them have focused on evaluating the bone density prior to dental 

implant surgery [18-22]. However, CT was not considered a good option for this study due to its 

high radiation dosage, since (1) CT scanning was to be performed twice within 1 year (before and 

after 7 months of orthodontic treatment), and (2) the radiation dosage delivered to the patient during 

each scan is typically around 3 mGy for CT [27] and 0.62 mGy for CBCT [28]. Other advantages of 

CBCT are that it is cheaper and is readily available in dental clinics. However, Hua et al. [29] 

reported that the bone density could not be accurately determined from the CBCT image. Although 



the image quality of CBCT is affected by many factors, including the FOV, voxel resolution, object 

morphology [30], object location (in the center or periphery of the scanning volume) [31], and the 

presence/absence of metal implants in the mouth [32], Lagravere et al. [33] reported that there is a 

linear relationship between actual densities and the HU values (grayscale values) obtained in a 

CBCT scan. In addition, Aranyarachkul et al. [23] demonstrated that CBCT is a feasible method for 

evaluating the bone density in implant preoperative assessments. Moreover, all of the parameters 

(i.e., FOV, voxel resolution, voltage, and current) of the CBCT instrument and the posture and 

position of the patients were identical in each scan of our in vivo study. Finally, the grayscale values 

of the validation phantoms were consistent on the two CBCT scanning days. Therefore, CBCT was 

selected as the evaluation approach in this study. 

 

Tooth movement is known to occur either “with bone” or “through bone” [3]. When teeth are 

moved with bone, the amount of bone resorption on the alveolar wall in the direction of the force 

balances the bone formation at a certain distance from the tooth in the direction its movement, 

resulting in no net loss of bone [3]. However, if increasing the pressure in the PDL to a high level, 

hyalinization is generated and an indirection resorption starting. Furthermore, no compensatory 

apposition occurs in this situation, and the balance between resorption and formation is lost [2], 

resulting in a net loss of bone. In the present study, the bone density around the teeth reduced by 

20~30%, which probably indicates that the teeth were moved in the stage of “through bone”.  

 

Our experimental results indicate that the application of orthodontic forces for 7 months 

significantly reduced the bone density around the teeth, by 24.3±9.5%. Many factors can affect the 

bone density, such as body weight, diet habit, and occlusal force [34-36]. However, in this study 

there were no distinct changes in the dietary habits or body weight during the overall period of 

orthodontic treatment. Moreover, we also found no significant differences in trabecular bone density 

in the cervical spine after the orthodontic treatment in all patients (data not shown). Therefore, the 

bone-density changes around the teeth could be attributed to the applied orthodontic forces. 



 

Some studies have focused on the bone response to orthodontic treatment [1-3,37,38]. Verna et 

al. [2] studied the histomorphometric bone responses during tooth movements associated with 

orthodontic treatment in rats. They found that the alveolar bone fraction (bone volume/total volume) 

was significantly decreased around displaced teeth. Banse and Devogelaer [39] indicated that the 

bone density was closely correlated to the bone fraction. In addition, Bridges et al. [1] studied the 

effect of ages on the rate of tooth movement and mineral-density changes in rats. They found that 

the alveolar mineral density was significantly reduced after orthodontic treatment in both young and 

adult rats. Consistent with the previous animal studies, we found that the bone density around 

displaced teeth was decreased in humans, which is also consistent with immature bone having a 

lower mineralization and being less dense than older bone [1,5,6].  

 

The Kruskal-Wallis test indicated that the bone-density reductions were significant higher in 

both central incisors than in both lateral incisors and canines (Table 1). This might be due to both 

central incisors experiencing the largest movements during the period of orthodontics. The tooth 

displacements in two of our patients between before and after orthodontic treatment are evident in 

the occlusal photographs of the maxilla shown in Figure 5. Patient # 5 (Figure 5c) had much more 

irregular teeth than patient #3 (Figure 5a). The bone-density reduction was 9.8±8.0% in patient #3 

(Figure 4c) and 29.8±7.0% in patient #5 (Figure 4e), suggesting that a larger tooth movement 

during orthodontic treatment might produce a larger bone-density change. However, more complete 

studies that include exact quantifications of tooth movement are needed to confirm this hypothesis.  

 

The mean bone-density changes around each tooth did not differ significantly among the 

cervical, intermediate, and apical portions after orthodontic treatment. This contrasts with Verna et 

al. [2] finding variations in the changes in different tooth portions. Such differences, if actually 

present, might be caused by tooth movement with sliding occurring in a stepwise manner involving 

tooth tipping and uprighting [40] rather than as a continuous sliding process. Although we found no 



significant differences, there was a trend for the reduction to be smaller in the intermediate portion 

(-21.9±8.9%) than in the cervical (-25.9±10.3%) and apical (-23.9±11.2%) portions. This might be 

indicative of rotation about the intermediate portion and a corresponding smaller movement 

(compared with the cervical and apical portions of tooth) and hence a smaller reduction in bone 

density.  

 

Some limitations of this study should be considered. First, the unit of bone density, HU or 

grayscale value, showed in this study was not as same as “mass per unit volume” in physical 

definition. However, HU or grayscale value are commonly used and accepted by most 

researchers to represent the density of bone [18-23]. Second, Mimics software was used in this 

study, and some previous studies [18,33] have found that the measured grayscale value or the HU 

value of an object might vary with the medical software used; however, the values obtained with 

different software programs were found to be strongly correlated. Third, only eight patients were 

included in this study due to the CBCT examination not being an essential procedure during 

orthodontic treatment. However, even in this small sample there were significant reductions of the 

bone density around the teeth after 7 months of orthodontic treatment. Fourth, only the teeth in the 

anterior region of the maxilla were evaluated due to their movements being larger. Teeth with 

multiple roots should be investigated in a further study. Fifth, the relationship between the 

bone-density change and direction of tooth movements was also not investigated in this study, and 

the bone density around the teeth was only measured at two time points (before and after 7 months 

of orthodontic treatment), with no long-term follow-up. Long-term follow-up assessments of 

whether the bone density returns to that prior to orthodontic treatment should be performed in the 

future. Hence, more complete experiments are needed to understand the bone-density changes 

around teeth during orthodontic treatment. 

 

In conclusion, we found that the bone density around the central incisor, lateral incisor, and 

canine on both sides of the maxilla reduced by about 24% as irregular teeth moved into better 



positions after 7 months of orthodontic treatment in all of the investigated patients. In addition to 

the use of computer simulations and histomorphometric animal models, CBCT represents another 

approach for evaluating bone-density changes around teeth during orthodontic treatment.  
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TABLE LEGEND 

Table 1. Percentage bone-density (grayscale value) reductions (mean±standard deviation values) 

around the teeth in the three portions of the eight patients during orthodontic treatment. 

UR3: upper-right canine; UR2: upper-right lateral incisor; UR1: upper-right central incisor; 

UL1: upper-left central incisor; UL2: upper-left lateral incisor; UL3: upper-left canine. 

 

FIGURE LEGENDS 

Figure 1. Schematic of the three portions at which the root of the upper right lateral incisor and the 

surrounding bone were cross-sectioned. CEJ, cementoenamel junction. 

 

Figure 2. Steps involved in measuring the bone density around the upper-right lateral incisor in the 

middle slice of the intermediate portion of patient #5: (Upper-left) Schematic occlusal view 

of the maxilla; (Lower-left) schematic of the middle slice of the intermediate portion of the 

upper-right lateral incisor; (a) segmenting the area of the tooth from the CBCT image using 

the threshold value of the cementum; (b) expanding by 1 voxel to include the PDL; (c) 

expanding by a further 3 voxels to include the surrounding bone; (d) subtracting the tooth 

and PDL from the tooth, PDL, and surrounding bone. The volumes of the areas and their 

density values are also indicated. 

 

Figure 3. Occlusal photographs of the maxilla of patient #5 before treatment (a) and after treatment 

(b). Three-dimensional computer models: before treatment (a) and after treatment (b). 

Superimposing the models of the before and after treatments: frontal view (e) and occlusal 

view (f). Red: model of maxilla before orthodontic treatment; green: model of maxilla after 

orthodontic treatment; blue: overlapping region) 

 

Figure 4. Bone-density changes around the teeth in the three portions of each patient during 

orthodontic treatment. UR3: upper-right canine; UR2: upper-right lateral incisor; UR1: 

upper-right central incisor; UL1: upper-left central incisor; UL2: upper-left lateral incisor; 

UL3: upper-left canine) 

 

Figure 5. Occlusal photographs of the maxilla of patient # 3 before (a) and after (b) orthodontic 

treatment, and of patient #5 before (c) and after (d) orthodontic treatment. 



 

Table 1. Percentage bone-density (grayscale value) reductions (mean±standard deviation values) 

around the teeth in the three portions of the eight patients during orthodontic treatment. UR3: 

upper-right canine; UR2: upper-right lateral incisor; UR1: upper-right central incisor; UL1: 

upper-left central incisor; UL2: upper-left lateral incisor; UL3: upper-left canine. 

 

Portion of tooth UR3 UR2 UR1 UL1 UL2 UL3 Mean±SD 

Cervical  24.3±11.3 28.3±10.5 28.4±8.3 26.3±6.0 24.8±9.1 23.3±16.1 25.9±10.3 

Intermediate  19.6±6.3 20.0±8.1 29.1±7.0 23.8±8.4 18.7±10.4 20.3±10.3 21.9±8.9 

Apical  22.5±13.9 18.1±12.1 26.2±8.1 24.2±9.0 16.4±12.3 20.0±10.5 23.9±11.2 

Mean±SD 23.1±10.8 22.0±12.1 29.0±7.5 25.8±7.7 20.7±10.6 22.9±10.7  

 

 



 

 

Figure 1. Schematic of the three portions at which the root of the upper right lateral incisor and the 

surrounding bone were cross-sectioned. CEJ, cementoenamel junction. 

 



 

 

Figure 2. Steps involved in measuring the bone density around the upper-right lateral incisor in the 

middle slice of the intermediate portion of patient #5: (Upper-left) Schematic occlusal view of the 

maxilla; (Lower-left) schematic of the middle slice of the intermediate portion of the upper-right 

lateral incisor; (a) segmenting the area of the tooth from the CBCT image using the threshold value 

of the cementum; (b) expanding by 1 voxel to include the PDL; (c) expanding by a further 3 voxels 

to include the surrounding bone; (d) subtracting the tooth and PDL from the tooth, PDL, and 

surrounding bone. The volumes of the areas and their density values are also indicated. 

 



 

  

Figure 3. Occlusal photographs of the maxilla of patient #5 before treatment (a) and after treatment 

(b). Three-dimensional computer models: before treatment (a) and after treatment (b). 

Superimposing the models of the before and after treatments: frontal view (e) and occlusal view (f). 

Red: model of maxilla before orthodontic treatment; green: model of maxilla after orthodontic 

treatment; blue: overlapping region) 



 

Figure 4. Bone-density changes around the teeth in the three portions of each patient during 

orthodontic treatment. UR3: upper-right canine; UR2: upper-right lateral incisor; UR1: upper-right 

central incisor; UL1: upper-left central incisor; UL2: upper-left lateral incisor; UL3: upper-left 

canine) 



 

Figure 5. Occlusal photographs of the maxilla of patient # 3 before (a) and after (b) orthodontic 

treatment, and of patient #5 before (c) and after (d) orthodontic treatment.  

 

 


