
Masthead Logo
University of Pennsylvania

ScholarlyCommons

Dental Theses Penn Dental Medicine

Spring 5-17-2019

The Change of Alveolar Bone Thickness on
Mandibular Central Incisors of Skeletal Class II
Patients After Orthodontic Treatment Using Cone-
Beam Computed Tomography.
Kensuke Matsumoto
University of Pennsylvania, mkensuke@upenn.edu

Scott Sherrill-Mix
University of Pennsylvania, sherrillmix@gmail.com

Normand Boucher
University of Pennsylvania, boucherortho@gmail.com

Nipul Tanna
University of Pennsylvania, nipul77@upenn.edu

Follow this and additional works at: https://repository.upenn.edu/dental_theses

Part of the Orthodontics and Orthodontology Commons, and the Periodontics and
Periodontology Commons

This paper is posted at ScholarlyCommons. https://repository.upenn.edu/dental_theses/38
For more information, please contact repository@pobox.upenn.edu.

Recommended Citation
Matsumoto, Kensuke; Sherrill-Mix, Scott; Boucher, Normand; and Tanna, Nipul, "The Change of Alveolar Bone Thickness on
Mandibular Central Incisors of Skeletal Class II Patients After Orthodontic Treatment Using Cone-Beam Computed Tomography."
(2019). Dental Theses. 38.
https://repository.upenn.edu/dental_theses/38

https://repository.upenn.edu?utm_source=repository.upenn.edu%2Fdental_theses%2F38&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.upenn.edu/dental_theses?utm_source=repository.upenn.edu%2Fdental_theses%2F38&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.upenn.edu/dental?utm_source=repository.upenn.edu%2Fdental_theses%2F38&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.upenn.edu/dental_theses?utm_source=repository.upenn.edu%2Fdental_theses%2F38&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/657?utm_source=repository.upenn.edu%2Fdental_theses%2F38&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/659?utm_source=repository.upenn.edu%2Fdental_theses%2F38&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/659?utm_source=repository.upenn.edu%2Fdental_theses%2F38&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.upenn.edu/dental_theses/38?utm_source=repository.upenn.edu%2Fdental_theses%2F38&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.upenn.edu/dental_theses/38
mailto:repository@pobox.upenn.edu


The Change of Alveolar Bone Thickness on Mandibular Central Incisors
of Skeletal Class II Patients After Orthodontic Treatment Using Cone-
Beam Computed Tomography.

Abstract
Objective: To test the null hypothesis that orthodontic tooth movement does not create dehiscences and the
sagittal width dimension of alveolar bone is maintained. Materials and Methods: In 60 skeletal class II
patients, CBCT images at pre- (T1) and post-orthodontic treatment (T2) were obtained and the presence of
dehiscences was recorded. Based on the presence of dehiscences at T1 and T2, the patients were divided into
four groups. The alveolar bone thickness at the level of 2 (CEJ2), 5 (CEJ5), 10 (CEJ10), and 15 (CEJ15) mm
from the cementoenamel junction (CEJ) was measured on CBCT images in cross section along the long axis
on the central incisors. CBCT-synthesized lateral cephalometric images were analyzed. Statistical analysis and
the Pearson correlation analyses were utilized at a pResults: CBCT imaging showed that 27.1% of the
mandibular central incisors had dehiscences at T1. With pre-existing dehiscence, the incidence of dehiscence
increased to 50% at T2. Patients that developed dehiscences after orthodontic treatment showed the highest
percentage of alveolar bone loss (-23.7% at CEJ2, -19.9% at CEJ5 at T2). In the group where patients
developed dehiscences after orthodontic treatment, there was statistically significant mean increase of L1-NB
(3.1mm) and IMPA (9.8°) (pConclusions: When camouflaging skeletal Class II patients, the limits of
mandibular anterior incisor forward movement might be less than previously thought. In order to prevent the
development of inadvertent dehiscences during the orthodontic treatment, careful diagnosis with CBCT
images is recommended. Furthermore, when excessive protrusion and/or proclination is planned, additional
treatment modalities such as orthognathic surgery, tooth extraction, and partial corticotomy with bone
grafting should be considered.
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The change of alveolar bone thickness on mandibular central 

incisors of skeletal Class II patients after orthodontic treatment 

using cone-beam computed tomography. 

 

Abstract: 

Objective: To test the null hypothesis that orthodontic tooth movement does not create 

dehiscences and the sagittal width dimension of alveolar bone is maintained. 

Materials and Methods: In 60 skeletal class II patients, CBCT images at pre- (T1) and 

post-orthodontic treatment (T2) were obtained and the presence of dehiscences was 

recorded. Based on the presence of dehiscences at T1 and T2, the patients were divided 

into four groups. The alveolar bone thickness at the level of 2 (CEJ2), 5 (CEJ5), 10 

(CEJ10), and 15 (CEJ15) mm from the cementoenamel junction (CEJ) was measured on 

CBCT images in cross section along the long axis on the central incisors. CBCT-

synthesized lateral cephalometric images were analyzed. Statistical analysis and the 

Pearson correlation analyses were utilized at a p<.05 significance level. 

Results: CBCT imaging showed that 27.1% of the mandibular central incisors had 

dehiscences at T1. With pre-existing dehiscence, the incidence of dehiscence increased to 

50% at T2. Patients that developed dehiscences after orthodontic treatment showed the highest 

percentage of alveolar bone loss (-23.7% at CEJ2, -19.9% at CEJ5 at T2). In the group where 

patients developed dehiscences after orthodontic treatment, there was statistically significant 

mean increase of L1-NB (3.1mm) and IMPA (9.8°) (p<.001). Based upon logistic regression 

analyses, for each 1mm change in L1-NB at CEJ2, the width of the alveolar process decreases by 

0.25mm. Similarly, for each 1° degree change in IMPA at CEJ2, the width decreases by 0.07mm.  

Conclusions: When camouflaging skeletal Class II patients, the limits of mandibular 

anterior incisor forward movement might be less than previously thought. In order to 

prevent the development of inadvertent dehiscences during the orthodontic treatment, 

careful diagnosis with CBCT images is recommended. Furthermore, when excessive 

protrusion and/or proclination is planned, additional treatment modalities such as 



orthognathic surgery, tooth extraction, and partial corticotomy with bone grafting should 

be considered. 

 

 

Introduction: 

  Proffit and Ackerman1 addressed to the challenge of our understanding of 

the limitation of tooth movement with a widely accepted diagram of the “envelope 

of discrepancy” (Fig.1). They estimated that with conventional orthodontic 

treatment the limits of extrusion, retraction, intrusion, and protraction of 

mandibular incisors are: 2 mm, 3 mm, 4 mm, and 5 mm, respectively. These 

parameters were anecdotally determined by the anatomical boundaries of the 

alveolar bone width. According to Wennström et al.,2 following extensive bodily 

movement of incisors in a labial direction through the alveolar bone, most teeth 

clinically demonstrated some apical displacement of the gingival margin. Karring 

et al.3 concluded that dehiscences can be produced in the alveolar bone by tipping 

teeth in facial direction and such tooth movements are not necessarily accompanied 

by loss of connective tissue attachment. Advocates of the “compensatory bone 

formation” theory of tooth movement claim that when teeth are moved labially and 

pass the original cortical plate the alveolar bone thickness is maintained or 

increased due to bone apposition around the roots. Steiner et al.4 and Wingard and 

Bowers5 reported conflicting results. In monkey studies the former reported 

dehiscences whereas the latter reported no dehiscences with forward movements of 

the roots. 



 

Fig.1 The envelope of discrepancy for mandibular arch.  

 

 Recently, cone beam computed tomography (CBCT) imaging has enhanced 

our ability to evaluate the morphology of the craniofacial and dentoalveolar 

complex. It allows the quantitative assessment of the dimensions of alveolar bone 

which could not be evaluated in two-dimensional images due to the 

superimposition of anatomical structures. According to Fuhrmann et al.,6 there is a 

general overestimation of the symphysial labiolingual bone width on two-

dimensional lateral cephalograms when compared with physical measurements of 

the actual specimens. Over 80% of defects identifiable in CBCT images were not 

readily visible on the two-dimensional lateral cephalograms.  

 Dehiscence and fenestration during orthodontic treatment may occur due to 

several reasons including but not limited to the direction of tooth movement, the 

magnitude of orthodontic force, the amount of tooth movement, the dimensions of 

alveolar bone, and anatomic integrity of periodontal tissues.7,8 To minimize these 

problems, the alveolar bone morphology must be evaluated before orthodontic 



treatment as part of diagnosis. CBCT imaging has been shown to be an excellent 

modality in assessing bone topography and anatomy.6 Taking the presence of pre-

existing dehiscences and fenestrations9-12 into consideration in a comprehensive 

treatment plan reduces the risk of future attachment loss, especially when teeth are 

moved in a labiolingual/buccolingual direction.13-16 It has also been shown that the 

presence of a dehiscence or fenestration in the alveolar bone is not pathognomonic  

for gingival recession, but is a potential risk for exacerbating gingival 

recession.11,17,18 The risk for development of recessions in conjunction with 

orthodontic tooth movement is present only if the tooth has been moved out of the 

alveolar bone housing; that is, when an alveolar bone dehiscence has been created.7 

Conversely, gingival recession is simply a clinical manifestation of an underlying 

alveolar bone deficiency. Should gingival recessions be a part of the limitation of 

tooth movement? Is it preferable to evaluate alveolar bone deficiency to determine 

the limits of tooth movement? 

 The purpose of this study is to evaluate the presence of dehiscences and the 

change of alveolar bone thickness on mandibular central incisors in skeletal Class 

II patients between pre- and post-orthodontic treatment in CBCT images. 

 

Null hypothesis: 

Orthodontic tooth movement does not create dehiscences and the sagittal 

width dimension of alveolar bone is maintained. 

 

 

 

 

 



 

 

Material and methods: 

Patients  

 A total of 60 patients (23 males and 37 females, Caucasian or Asian), with a 

diagnosis as a skeletal Class II malocclusion from a private practice (West Chester, 

PA) were enrolled in this study. All cases were treated by the same orthodontist 

(N.B.) and finished between June 1st of 2015 to May 31st of 2017. The study was 

performed with the approval of the institutional review board of University of 

Pennsylvania (Protocol Number 827961). The inclusion criteria were the 

followings: 1) CBCT data available between ages 8 and 20, 2) skeletal Class II 

(ANB>3°) as determined from CBCT synthesized cephalograms at pre-orthodontic 

treatment: T1, 3) Angle Class II (Full-step or End-to-end) molar relationship at 

least on one side at T1, 4) Angle Class I molar relationships at the end of 

orthodontic treatment: T2, 5) non-extraction cases, 6) minimum rotation and 

crowding on mandibular central incisors, 7) healthy, and 8) no history of 

orthodontic treatment. Exclusion criteria were severe dental crowding, 

endodontically treated teeth, restored teeth, teeth with attachment loss, keratinized 

tissue width less than 2 mm, and systemically compromised patients. Based upon 

the presence of dehiscences in CBCT images, patients were divided into four 

groups. There were dehiscences at both pre- and post-orthodontic treatments 

(Group 1). No dehiscences were found at the pre-orthodontics and dehiscences 

developed at the post-orthodontics (Group 2). No dehiscences were found at both 

pre- and post-orthodontic treatments (Group 3). Lastly, dehiscences were found at 

the pre-orthodontics and no dehiscences were found at the post-orthodontics 

(Group 4). 



 

CBCT Evaluation 

 For each patient, two sets CBCT scans were taken at T1 and T2. T2 was taken 

3 months after the tooth movement of central incisors was completed. Patients 

were scanned in the natural head position with maximum intercuspation using an 

iCAT scanner (Imaging Science International, Hatfield, PA). Images were obtained 

at a scan time of 9.6 seconds, 5 mA, 120 KVp, and 0.3-mm voxel size. The digital 

files (Digital Imaging and Communications in Medicine) of each CBCT scan were 

exported into Dolphin Imaging software version 11.9.7.20 (Patterson Dental 

Supply, St. Paul, MN) and 3D images were reconstructed for analysis. Cross-

sectional slices through the two mandibular central incisors in the 60 patients were 

generated to show labial and lingual surfaces of the total 120 central incisors. The 

slices were generated at the putative midline of long axis labiolingually on each 

tooth and reconstructed with 2.0-mm slice thickness.  

 

Measurements  

 The following measurements on the 60 sets of CBCT synthesized lateral 

cephalogram were analyzed at T1 and T2: 1) SNA (°), 2) SNB (°), 3) ANB (°), 4) 

MP-SN (°), 5) FMA (°), 6) L1-NB (mm), and 7) IMPA (°). One operator traced 

and measured the entire sample of cephalometric analyses.  

 The alveolar bone thickness (ABT) at the level of 2 (CEJ2), 5 (CEJ5), 10 

(CEJ10), and 15 (CEJ15) mm from the cementoenamel junction (CEJ) was 

measured on CBCT images in cross section along the long axis on the central 

incisors. (Fig.2).  



 

Fig.2 Illustrations of reference points, lines and measurement variables used for 

mandibular central incisors. CEJ0; cross section line on the CEJ, CEJ2; cross 

section 2mm below CEJ, CEJ5; cross section 5mm below the CEJ, CEJ10; cross 

section 10mm below the CEJ, and CEJ15; cross section 15mm below the CEJ 

 

A dehiscence was identified when there was no cortical bone on the labial surface 

in at least three sagittal views and the alveolar bone height (ABH) was more than 2 

mm from the cementoenamel junction.19 A CEJ-to-AC measurement ≦2 mm was 

normal on the basis of previous studies that found the distance from the CEJ to AC 

to range from 0 to 2 mm in persons with no history or signs of periodontal 

disease.8,19,21 All measurements were determined on both central incisors and the 

mean of the two was used for further analysis. 

CEJ0

CEJ2

CEJ5

CEJ10

CEJ 15

ABT



  Two examiners were calibrated for the measurements of alveolar bone on 

the CBCT images and synthesized cephalograms, using the same computer and 

screen (resolution of 1920 x1080 pixels) under the same lighting conditions. To 

evaluate the reliability of the linear measurements, 10 patients were randomly 

selected from the total sample. Intraoperator reliability was determined twice at an 

interval of two weeks. Interoperator reliability was determined between two 

operators. Variation was minimal in repeated measurements within the same 

operator with a mean absolute difference of 0.24 (95% CI: 0.18 - 0.29) and Pearson 

correlation: r=0.93 (95% CI: 0.82 - 0.97) for the alveolar bone width. Between 

operators, a mean absolute difference was 0.29 (95% CI: 0.15 - 0.43) and Pearson 

correlation (r) was 0.92 (95% CI: 0.68 - 0.98). 

 

Statistics  

 Paired t-tests were used to evaluate differences between pre- and post-

treatment measurements of ABT, and cephalometric analysis. Two sample t-tests 

were used at a p=.05 significance level. Additionally, logistic regression analyses 

were applied in order to assess associations between tooth movements and the risk 

of alveolar bone loss in the sagittal direction. 

 

 

 

 

 

 

 

 

 



 

Results: 

 Eleven patients (four males and seven females) were removed from the 

subjects due to the lack of adequate quality of the CBCT images for the evaluation. 

The mean ages of patients were 11.23 (SD=1.59) years at pre-orthodontic 

treatment (T1) and 14.48 (SD=1.20) years at post-orthodontic treatment (T2) in 

Table I. There were no significant differences between male and female groups 

(p>.05). 

 

 

 

 The results of the lateral cephalometric measurements were listed in Table II 

and showed that no skeletal or dental variations were found between males and 

females (p>.05) except for MP-SN (°) change (p<.05).  

Table I. Age of subjects 

Male (N=19)

Mean SD Mean SD Mean SD p-value Significance

T1 11.5 1.90 11.0 1.35 11.2 1.59 0.335 N.S.
T2 14.8 1.54 14.2 0.87 14.5 1.20 0.134 N.S.

T2-T1 3.3 0.95 3.2 1.29 3.25 1.16 0.738 N.S.

Age (years)
Female (N=29) Total (N=48)



 



 There were not statistically significant differences between males and females 

regarding the ABT at each level of the CEJ at T1 and T2. The mean value of ABT 

in mandibular central incisors at CEJ 2 was 6.01 (SD=0.58) mm at T1 resulted in 

5.42 (SD=0.70) mm at T2. The mean change of ABT at the CEJ2 was -0.59 

(SD=0.55) mm and -0.82 (SD=0.57) mm at the CEJ5 in all groups, respectively. 

While the ABT decreased more in males at CEJ5 and 15 compared with females 

(Table III), both p-values were greater than 0.03 and thus would not survive 

correction for multiple comparisons. 

 

 

 

 The prevalence of dehiscence was shown in Table IV. 31.6% of teeth in 

males, and 24.1% of teeth in females had dehiscences at T1. The prevalence of 

dehiscences increased to 57.9% in males and 44.8% in females at T2. 

Consequently, for the entire sample the presence of dehiscences increased from 

22.9% to 50.0% as a result of treatment. 

 



 

 

 The patients were divided into four groups based upon the presence of 

dehiscences between T1 and T2, and each group was compared with the others 

(Table V). No patients classified into Group 4 were identified; therefore, no Group 

4 results were included in Table V.  

 Comparing Groups 2 and 3, statistically significant alveolar bone reduction 

occurred at CEJ2 (-1.47 vs -0.30 mm, p<.001) and at CEJ5 (-1.34 vs -0.70 mm, 

p<.05) after the orthodontic treatment. Group 2 exhibited the highest percentage of 

alveolar bone loss (-23.7% at CEJ2, -19.9% at CEJ5 at the end of the treatment). 

By contrast, there were not significant differences at CEJ10 and 15 between the 

groups.  

Dehiscence

(n) (%) (n) (%) (n) (%) (n) (%) (n) (%) (n) (%)

Present 12 31.6 22 57.9 14 24.1 26 44.8 26 27.1 48 50.0
Absent 26 68.4 16 42.1 44 75.9 32 55.2 70 72.9 48 50.0

T2

Table IV. The prevalence of dehsciences in central incisors

Male (n=38) Female (n=58) Total (n=96)
T1T1 T2 T1 T2



 

 

 



 There were four parameters (L1-NB, IMPA, ANB and MP-SN) on the 

cephalometrics that differed significantly between the subgroups (Table V). In 

Group 2, the changes of L1-NB (mm) significantly increased 3.1 mm compared 

with Group 1 (0.9 mm) and Group 3 (0.4 mm), respectively (p<.01). There was a 

statistically significant increase of IMPA (9.78°) in Group 2, and IMPA was less 

than 4° in Groups 1 and 3 (p<.001). The other two parameters that had 

significantly differences were the higher reduction of ANB (°) in Group 3 than 

Groups 1 and 2 at T2, and the higher increase of MP-SN (°) in Group 2 compared 

with Group 1.  

 Based on the data, there is a significant association between CEJ2 and L1-

NB/IMPA. A simple linear relationship between these two variables would predict 

that for each 1mm change in L1-NB CEJ2 decreases by 0.25mm (95% CI: 0.17-

0.34, Fig.3) or for each 1° degree change in IMPA CEJ2 decreases by 0.07mm 

(95% CI: 0.04 − 0.11mm, Fig.4).  

 

 

 

 



 

Fig.3 A linear regression analysis between the alveolar bone thickness change in 

CEJ2 and L1-NB change. 

 

 

Fig.4 A linear regression analysis between the alveolar bone thickness change in 
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CEJ2 and IMPA change. 

Discussion: 

The etiology of dehiscence and fenestration during orthodontic treatment is 

multifactorial and includes the direction of tooth movement, the magnitude of 

orthodontic forces, the amount of tooth movement, the dimensions of alveolar bone, 

and anatomic integrity of periodontal tissues.7,8 Anatomically, the alveolar bone 

becomes thinner from the posterior to the anterior region in the mandible.25 

Therefore, in the area of the mandibular symphysis, the direction and amount of 

tooth movement can easily violate the biologic limits of the alveolar process. Due 

to overlapping anatomic structures viewed in two dimensional lateral 

cephalograms, a qualitative assessment of the mandibular symphysis is not 

possible. On the other hand, the advent of CBCT imaging provides an excellent 

diagnostic modality to critically evaluate this area. Menezes et al26 found excellent 

interexaminer and intraexaminer reproducibility of buccal and lingual bone plate 

thickness measurements in CBCT images on dried human mandibles and 

demonstrated good precision for voxel dimensions of 0.2, 0.3, and 0.4 mm. 

However, Leung et al.27 reported that direct assessment of dry skulls with CBCT 

lacks the image of the periodontal apparatus; thus, it may result in system errors. 

To resolve this discrepancy, Timock et al.28 compared CBCT and direct 

measurements on cadavers for buccal bone thickness. Mean absolute errors 

between CBCT and direct measurements of buccal bone thickness were small 

(0.13 mm) and showed no statistically significant differences or bias to 

underestimate or overestimate. Interoperator and intraoperator reliabilities had 

great agreement for CBCT measurements of buccal bone thickness 0.90. In a 

human clinical study,29 both the sensitivity and specificity of CBCT for 

dehiscences was over 0.7 (voxel size of 0.125 mm), and the author concluded that 

the CBCT method might overestimate the actual measurements. In our study, an 



0.3-mm voxel size was selected due to the balance of the amount of radiation 

exposure and clinical relevance. The measurements of ABT at each level from the 

CEJ (CEJ2-15) may be accurate. Yet, the sensitivity might not be as high as the 

specificity. 

The results showed that 31.6% of males, 24.1% of females, and 27.1% of the 

mandibular central incisors in total had dehiscence at T1. The presence of 

dehiscence increased to 57.9% in males and 44.8% in females at T2. Consequently, 

the presence of dehiscence increased more than 20% of the incisors during the 

orthodontic treatment and reached to 50% of the incisors in the patients that had 

skeletal Class II malocclusion after the orthodontic treatment. Evangelista et al.9 

compared the presence of dehiscences in the central incisors in patients with Class 

I and Class II Division 1 malocclusions and different facial types, and found that 

the incidence of dehiscences was 24.33%. Yagci et al.10 evaluated the presence of 

dehiscences in mandibular central incisors among patients with skeletal Class I, II, 

and III malocclusions with CBCT and showed the incidence, 27.92%, 27.11%, and 

25.88%, respectively. Enhos et al.30 reported the presence of dehiscences among 

patients with different vertical growth patterns and it was 27.08% in the total of all 

three groups. These results coincided with our results.  

 As Table II showed, all patients were diagnosed as skeletal Class II, and the 

mean ANB were 4.7° (SD=1.40) at T1 and 3.7° (SD=1.65) at T2. The mean SNA 

and SNB at T2 were 81.2° (SD=3.12) and 77.4° (SD=2.80), respectively. SNA was 

almost maintained and SNB increased approximately 1° at T2. MP-SN and FMA 

were reduced. The mandibular plane was flattened during the time of treatment. 

L1-NB increased more than1 mm in total. The mean IMPA was 91.1° (SD=5.69) at 

T1 and increased to 95.9° (SD=6.17) at T2 (+4.87° change). None of the data had 

significant differences between males and females except for the change of MP-SN 

(-1.64° in males and -0.08° in females). Yoon and Chung.31 reported a longitudinal 



study of craniofacial growth of untreated Class I and Class II girls from ages 9 to 

18 years. They showed that the changes of SNA (0.84±1.19°), SNB (0.96±1.15°), 

and ANB (-0.20±0.48°). Our study showed SNA (-0.19±1.50°), SNB (0.74±1.50°) 

and ANB (-0.98±1.10°). This might be due to the differences of gender, in the 

observation time, and the rage in the age of 8-13 at T1 to the age of 13-20 at T2. In 

an implant study, Bjork and Skieller32 demonstrated rotation of the mandible and 

remodeling of the MP. They found that 90.5% of the subjects showed forward 

rotation due to the fact that vertical growth at the condyle was greater than the sum 

of the vertical growth components at the facial sutures and the molar areas. 

Patients from ages 9 to 18 in skeletal Class II patients showed a mandibular 

forward rotation (decreased MP-SN).33 MP-SN (-0.81±2.65°) and FMA (-

0.71±2.65°) were reduced in the current study, and mandibular plane was flattened 

during the time of treatment, which coincided with their study.  

 The mean ABT at CEJ2 and CEJ5 were 5.42 (SD=0.70) mm and 5.92 

(SD=0.84) mm at T1, respectively. The ABT was changed -0.59 (SD=0.55) mm 

and -0.82 (SD=0.57) mm at T2. Approximately 10% of ABT in the total was lost 

during the treatment. There was no significant difference between male and female 

groups except for the CEJ5 (p=.0399). In our patients, the ABT did not remained 

the same; rather, it decreased. None of the patients had an increase of ABT after 

the tooth movement.  

 Comparing Group 2 with 3 after tooth movement, statistically significant 

alveolar bone reduction occurred at CEJ2 (-1.47 vs -0.30, p<.001) and at CEJ5 (-

1.34 vs -0.70 mm, p<.05) after the orthodontic treatment. Group 2 exhibited the 

highest percentage of alveolar bone loss (-23.7% at CEJ2, -19.9% at CEJ5 at the 

end of the treatment). By contrast, there were not significant differences at CEJ10 

and 15 between the groups. The amount of alveolar bone loss was more prominent 

at the marginal regions than it was at the apical region. This may be because the 



treatment modality was mostly protrusion and proclination in order to achieve 

anterior coupling. The orthodontic forces applied to the central incisors were 

concentrated to the labial crestal bone thus creating greater accumulation of 

pressure at the marginal region. These findings agreed with the results of animal 

studies.2-4 

 Wennström et al.2 showed histologic evidence of alveolar crestal bone loss 

when the tooth moved labially, but attachment loss did not necessarily occur. 

Similarly, Karring et al.3 found reduced alveolar bone height, with connective 

tissue fibers having a course parallel to the roots in the teeth tipped in facial 

direction. In addition, none of the histologic studies2-4,34 indicate that the cortical 

plate was reestablished. These studies agreed with the previous Reitan’s studies35,36 

where dehiscences formed when teeth were tipped facially due to a lack of 

compensatory bone formation on the facial. The concept of compensatory bone 

formation was proposed by Gottlieb and Orban.37 According to this concept the 

bone around dehiscences would have remodeled if light force had been applied or 

the teeth had been retained in the facially-moved position for a longer time period. 

However, studies2,3,34 which developed dehiscences with 50 gm light force for a 

period of 3-5 months showed no compensatory bone formation after 1-, 5- and 8-

month retention period. In a study that contradicts Steiner et al.,4 Wingard and 

Bowers,5 reported that dehiscences failed to develop with forces up to 170 gm over 

36 to 95 days followed by 4 months of retention. These results indicate that the 

discrepancy regarding compensatory bone formation may not be related to the 

difference of retention periods or the magnitude of force application, but rather the 

difference of the amount of tooth movement. Therefore, it can be concluded that 

compensatory bone formation does not occur around newly developed dehiscences 

after the tooth movement, even though the force application is terminated, and the 

teeth are retained in their facially-displaced position. In our study, we waited an 



average of 3 months20 after loading the teeth before we took the T2 scans.  

 The most striking finding in the present study is the relationship between 

tooth movement and the change. A simple linear relationship between CEJ2 and 

L1-NB or IMPA would predict that for each 1mm change in L1-NB CEJ2 

decreases by 0.25 mm (95% CI: 0.17-0.34 mm, Figs.3) or for each 1° degree 

change in IMPA CEJ2 decreases by 0.07 mm (95% CI: 0.04 − 0.11 mm, Figs.4). In 

addition, excessive protrusion (L1-NB>3 mm) and proclination (IMPA>9°) of 

lower incisors caused dehiscences, while patients with tooth movement controlled 

within L1-NB<1 mm and IMPA<4° had less possibility to develop dehiscences 

(Table.V). In a study17 which focused on developing recessions rather than 

dehiscences based on IMPA, the results showed significantly more recessions 

during orthodontic treatment and at 3-year postoperative period in the patients with 

excessive proclination (more than 10° of IMPA) than in the patients with minimal 

change (less than 2° of IMPA) in incisor inclination.  

  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Conclusions: 

  When camouflaging skeletal Class II patients, the limits of mandibular 

anterior incisor forward movement might be smaller than previously anecdotally 

considered (Fig.1) when considering the adverse effect on the alveolar bone. Pre-

existing dehiscences in the mandibular central incisors were evident in the patients 

that had skeletal Class II malocclusion. In order to prevent the development of 

inadvertent dehiscences during the orthodontic treatment, careful diagnosis with 

CBCT images is essential. Furthermore, when excessive protrusion and/or 

proclination is planned, additional treatment modalities such as orthognathic 

surgery, tooth extraction and partial corticotomy with bone grafting should be 

taken into consideration to avoid periodontal complications during and/or after 

orthodontic treatment. 

 

1. The null hypothesis was rejected. Dehiscences increased, from 27.1% of the 

mandibular central incisors to 50.0% after orthodontic treatment in the 

patients that had skeletal Class II malocclusion. Furthermore, the alveolar bone 

thickness and height reduced at the end of the orthodontic treatment.  

2. Patients who developed dehiscences lost 23.7% of alveolar bone thickness at 

CEJ2 and 19.9% at CEJ5, on average, over the course of treatment. 

3. In the group of patients that developed dehiscences during the orthodontic 



treatment, the changes of L1-NB (mm) and IMPA (°) significantly increased 3.1 

mm and 9.8° compared with the group of patients that did not develop 

dehiscences (0.4 mm, p<.01 and 3.2°, p<.001). 

4. A simple linear relationship between CEJ2 and L1-NB or IMPA would predict 

that for each 1 mm change in L1-NB CEJ2 decreases by 0.25 mm (95% CI: 

0.17-0.34 mm) or for each 1° degree change in IMPA CEJ2 decreases by 0.07 

mm (95% CI: 0.04 - 0.11 mm).  
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