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Alveolar Bone Changes around Mandibular Incisors during Surgical Orthodontic Treatment in Patients with Mandibular Prognathism: Comparison between
Surgery-first and Conventional Orthognathic Surgery

Youn-Ju Kee

Department of Dental science
Graduate School, Chonnam National University
(Supervised by Professor Kyung-Min Lee)


(Abstract)
Objective: The purpose of this study was to investigate the alveolar bone changes around mandibular incisors in patients with skeletal Class III malocclusion treated with surgery-first orthognathic approach (SFA) and conventional orthognathic surgery (COS) using images generated with cone-beam computed tomography (CBCT) generated images.
Material and Methods: The subjects consisted of 30 patients who were treated with surgery-first approach (SFA) and 30 patients who treated with conventional orthognathic surgery (COS). Cone-beam computed tomography (CBCT) was obtained before treatment (T0), and presurgical orthodontic treatment (T1) and after treatment (T2). The sagittal slice were used to measure the thickness of alveolar bone and vertical marginal bone level (VBL) and alveolar bone area (ABA) on both labial and lingual aspects and the root length at T0, T1 and T2 time points.
Results: The levels and thickness of the labial and lingual vertical bones and the area of the alveolar bone around the mandibular incisors were reduced after treatment in both SFA and COS groups. Vertical alveolar bone loss was prominent than horizontal bone loss after treatment in both groups. Alveolar bone loss was greater on lingual side than on the labial side. The alveolar bone changes around mandibular incisor between SFA and COS groups showed no statistically significant differences. However, in the COS group, the alveolar bone was reduced greater than in the SFA group.
Conclusion: The results indicate that both SFA without presurgical orthodontic treatment and COS with presurgical orthodontic treatment may trigger loss of the alveolar bone around mandibular incisors in patients with mandibular prognathism. Careful consideration should be taken to avoid iatrogenic bone loss of periodontal support around the incisors, particularly during presurgical orthodontic treatment.
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I. Introduction

Surgical orthodontic treatment of Class III patients includes presurgical orthodontic treatment for the decompensation of tooth position resulting from undesirable jaw growth, followed by surgical correction of the skeletal discrepancy and postsurgical detailing and finishing of the occlusion. Typically, the orthodontic decompensation of a Class III malocclusion entails lingual movement of the proclined maxillary incisors and labial movement of the retroclined mandibular incisors for an ideal relationship with each maxillary and mandibular alveolar bone and to facilitate facial esthetics after surgery. However, the labial movement of the mandibular incisors is limited by the alveolar housing. Excessive labial movement of the incisors was associated with dehiscence of the alveolar bone.1 A high correlation was found between the labiolingual inclination of the teeth and the frequency of dehiscence or gingival recession.1,2 Lee et al.3 evaluated the alveolar bone loss around the mandibular incisors during surgical orthodontic intervention in individuals diagnosed with mandibular prognathism. Excessive forward movement of mandibular incisors during presurgical orthodontic treatment induced alveolar bone loss around the incisors. 
The implementation of surgery-first orthognathic approach (SFA) in orthognathic surgical protocols altered the management of patients with dentofacial skeletal deformities.4,5 Unlike the conventional orthognathic surgery (COS), the SFA eliminates the presurgical orthodontic treatment phase and facilitates immediate resolution of skeletal and soft tissue imbalance, followed by orthodontic tooth movement.5.6 Moreover, surgery prior to orthodontic treatment minimizes the labial movement of mandibular incisors from the presurgical orthodontic treatment and facilitates the movement of alveolar bone around the mandibular incisors compared with the COS. 
Thus, the purpose of the present study was to investigate the alveolar bone changes around the mandibular incisors in patients with skeletal Class III malocclusion treated with SFA and COS.
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1. Subjects
The patients were firstly selected among the patients who consecutively were treated in the department of orthodontics of the Chonnam National University Dental Hospital in Gwangju, South Korea, from 2010 to 2017. Sixty patients with skeletal Class III malocclusion who underwent surgical orthodontic treatment with mandibular setback surgery. They were divided into 2 groups: SFA group (n=30) had treated with surgery-first approach and COS group (n=30) had treated with conventional orthognathic surgery. Each individual was collected in accordance with the following inclusion criteria: patients with (1) skeletal Class III malocclusion, (2) age ≥18 years, (3) ANB degree of less than 0, (4) crowding in the mandibular arch of less than 3 mm, and (5) cone-beam computed tomography (CBCT) scans taken before starting treatment (T0) and after presurgical orthodontic treatment (T1) only for COS group, and after treatment (T2). Exclusion criteria were as follows: patients who have cleft lip/palate or other craniofacial syndrome, severe facial asymmetry (more than 4 mm of chin point deviation from the facial midline), anterior spacing or tooth anomaly, and dilacerated roots and severe root resorptions. 

2. Methods 
A. CBCT images acquisition
The patients were scanned in an uprighting position with maximum intercuspation using CBCT scanner (Alphard Vega, Asahi Roentgen Co. Kyoto, Japan) with 200 x 179mm field of view, 80kV tube voltage, 5mA tube current. The acquired CBCT data were processed and reformatted in 3D images by a software program (OnDemand3D, CyberMed Inc, Seoul, Korea). 

B. Definition of reference points and measurements
Sagittal plane was adjusted to be parallel and passed through each examined tooth axis and perpendicular to the labial surface of the tooth. The tooth axis is defined as the line connecting the midpoint of incisor edge and the root apex (Figure 1). In order to reveal alveolar bone alteration around incisors, sagittal slices passing through the teeth axis were adopted for landmarks digitization and measurement. The sagittal slice were used to measure the thickness of alveolar bone and vertical marginal bone level (VBL) and alveolar bone area (ABA) on both labial and lingual aspects and the root length at T0, T1 and T2 time points. The reference points and measurements are defined in Figure 2 and Tables 1 and 2. The measured data were analyzed to detect the changes. 
The root length of each examined tooth was measured and recorded as the perpendicular distance from root apex to cementoenamel junction (CEJ) which was constructed as the line connecting the CEJ on both labial and lingual sides. The root length was evenly divided into 4 levels (Level 0 represented CEJ; Level 4 represented root apex). 
The measurements of alveolar bone thicknesses on the labial and lingual aspects were recorded as the distances between the cortical plate and root surface and perpendicular to the root axis at each level. To establish the VBL, the alveolar marginal bone crest (AC) and the CEJs were marked on the labial and lingual sides of all the examined incisors, and the distance between AC and CEJ was measured to establish the extent of the vertical alveolar bone loss. The foregoing measurements were compared at T0, T1, and T2 time points of orthodontic treatment. In addition, the cephalometric analysis was performed at T0 and T2 time points to evaluate the dental and skeletal changes in each patient during the orthodontic treatment. The adopted linear and angular measurements were SNA, SNB, ANB, SN-MP, Wits appraisal, 1 to SN, IMPA, L1 to NB(angular), L1 to NB(linear), Inter-incisor angle, overjet, overbite.

C. Statistics analysis
Statistical evaluations were performed at a 5% level of significance with SPSS software (version 23.0, IBM, Armonk, NY). The sample size calculation for analysis of covariance (ANCOVA) was performed according to the result of previous study of Lee et al.3 In order to evaluate the effect of an intervention (COS vs SFA) on alveolar bone changes before and after treatment (2 covariates), an expected effect of medium size 0.25, a statistical power of 80 percent, a type I error of 5 percent, numerator df = 1, number of groups = 4, and number of covariates=2 were assumed by the G*power program (version 3.1.9.2, Heinrich-Heine-University, Dusseldorf, Germany). The calculation indicated that 30 patients were included for each COS and SFA groups. 
The values of the cephalometric analysis variables were obtained at T0, T1, and T2, and calculated. The linear measurements for comparison of alveolar bone thickness at 4 levels and the vertical marginal bone level on both labial and lingual sides at T0 and T1 and T2 and alveolar bone area, were initially tested for normal distribution. The measured values were subjected to paired t-test in the SFA group and repeated measures analysis of variance (RMANOVA) in the COS group to determine the potential statistically significant differences. The data collected from 2 groups were subjected to analysis of covariance (ANCOVA) to determine the differences from the mean parameters of the two groups.


[image: EMB000024e4059b]Fig 1. A. Each tooth was oriented prior to measurement of the vertical marginal bone levels and the thickness of alveolar bone and alveolar bone area on both labial and lingual aspects. B. The sagittal plane was adjusted to cross the axis of each tooth, the tooth axis was defined as the line connecting the mid-point of the incisor edge and the root apex, and perpendicular to the labial surface. 
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Fig 2. Study measurements. A, Reference points; B, measurement; C, the alveolar bone area of the labial and lingual side of the sagittal plane.



Table 1. Definitions of reference points used in this study
	Definition

	1
	Incisal edge of lower incisor

	2
	Root apex of lower incisor

	3
	Cementoenamel junction on labial side

	4
	Cementoenamel junction on lingual side

	5
	Alveolar crest on labial side

	6
	Alveolar crest on lingual side

	7
	Intersecting point of line perpendicular to incisor axis at the first quarter with labial contour of symphysis

	8
	Intersecting point of line perpendicular to incisor axis at the first quarter with labial contour of root

	9
	Intersecting point of line perpendicular to incisor axis at the first quarter with lingual contour of root

	10
	Intersecting point of line perpendicular to incisor axis at the first quarter with lingual contour of symphysis

	11
	Intersecting point of line perpendicular to incisor axis at the midroot with labial contour of symphysis

	12
	Intersecting point of line perpendicular to incisor axis at the midroot with labial contour of root

	13
	Intersecting point of line perpendicular to incisor axis at the midroot with lingual contour of root

	14
	Intersecting point of line perpendicular to incisor axis at the midroot with lingual contour of symphysis

	15
	Intersecting point of line perpendicular to incisor axis at the third quarter with labial contour of symphysis

	16
	Intersecting point of line perpendicular to incisor axis at the third quarter with labial contour of root

	17
	Intersecting point of line perpendicular to incisor axis at the third quarter with lingual contour of root

	18
	Intersecting point of line perpendicular to incisor axis at the third quarter with lingual contour of symphysis

	19
	Intersecting point of line perpendicular to incisor axis at the root apex with labial contour of symphysis

	20
	Intersecting point of line perpendicular to incisor axis at the root apex with lingual contour of symphysis



Table 2. Definitions of measurements used in this study
	Measurements
	Definition

	Vertical bone level on labial side (VBL)
	Distance between points 3 and 5 measured parallel to incisor axis

	Vertical bone level on lingual side (VBL’)
	Distance between points 4 and 6 measured parallel to incisor axis

	Horizontal bone thickness at the first quarter of root on labial side (uHBT)
	Distance between points 7 and 8 measured perpendicularly to incisor axis	

	Horizontal bone thickness at the first quarter of root on lingual side (uHBT’)
	Distance between points 9 and 10 measured perpendicularly to incisor axis

	Horizontal bone thickness at midroot on labial side (mHBT)
	Distance between points 11 and 12 measured perpendicularly to incisor axis

	Horizontal bone thickness at midroot on lingual side (mHBT’)
	Distance between points 13 and 14 measured perpendicularly to incisor axis

	Horizontal bone thickness at the third quarter of root on labial side (lHBT)
	Distance between points 15 and 16 measured perpendicularly to incisor axis

	Horizontal bone thickness at the third quarter of root on lingual side (lHBT’)
	Distance between points 17 and 18 measured perpendicularly to incisor axis

	Horizontal bone thickness at root apex on labial side (aHBT)
	Distance between points 19 and 2 measured perpendicularly to incisor axis

	Horizontal bone thickness at root apex on lingual side (aHBT’)
	Distance between points 2 and 20 measured perpendicularly to incisor axis

	Alveolar bone area on labial side (ABA)
	Area of labial alveolar bone 

	Alveolar bone area on lingual side (ABA’)
	Area of lingual alveolar bone 
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III. Results

Table 3 presents the means and standard deviations of demographic data for all patients. No significant differences were found except for treatment time. Table 4 shows the means and standard deviations for cephalometric measurements according to the treatment progress involving all patients.

Table 3. Demographic data of the patients 
	

	SFA group (n=30)
	
	COS group (n=30)
	
	

	
	Mean
	
	SD
	
	Mean
	
	SD
	
	P value

	Sex (M/F) 
	20/12
	
	
	
	17/15
	
	
	
	

	Age (year)
	21.3
	
	3.0
	
	23.5
	
	6.2
	
	0.118

	Treatment duration (month)
	
	
	
	
	
	
	
	
	

	Presurgical orthodontic treatment
	-
	
	-
	
	18.5
	
	7.3
	
	N/A

	Postsurgical orthodontic treatment
	-
	
	-
	
	8.3
	
	3.2
	
	N/A

	Total treatment
	19.8
	
	5.8
	
	26.8
	
	4.8
	
	0.018

	Amount of crowding (mm)
	
	
	
	
	
	
	
	
	

	Maxillary arch
	1.9
	
	2.9
	
	1.9
	
	2.2
	
	0.992

	Mandibular arch
	1.3
	
	1.8
	
	1.3
	
	3.0
	
	0.966

	Curve of Spee
	2.1
	
	0.5
	
	2.3
	
	0.6
	
	0.155


SD, Standard deviation; SFA, surgery-first orthognathic approach; COS, conventional orthognathic surgery; N/A, not applicable. Independent t-test was used for statistical significance.






Table 4. Cephalometric changes between before and after treatment in each group 

	
	
	SFA group
	 
	COS group

	
	
	T0
	
	T2
	
	
	
	T0
	
	T1
	
	T2
d
	
	

	Variables
	
	Mean
	SD
	
	Mean
	SD
	
	p value
	
	Mean
	SD
	
	Mean
	SD
	
	Mean
	SD
ㄴ
	
	p value

	SNA (°)
	
	81.6
	3.42
	
	81.7
	3.45
	
	0.656
	
	80.6
	2.72
	
	80.5
	2.79
	
	80.6
	2.84
	
	0.578

	SNB (°)
	
	84.5
	3.33
	
	80.6
	3.44
	
	0.000
	
	83.4
	3.25
	
	82.8
	3.09
	
	79.9
	2.91
	
	0.000

	ANB (°)
	
	-2.9
	2.21
	
	1.1
	1.50
	
	0.000
	
	-2.7
	2.31
	
	-2.3
	2.06
	
	0.6
	1.61
	
	0.000

	SN-MP (°)
	
	34.8
	3.82
	
	38.7
	4.47
	
	0.000
	
	36.1
	4.87
	
	36.7
	4.45
	
	38.5
	5.47
	
	0.001

	Wits appraisal (mm)
	
	-11.8
	4.42
	
	-4.4
	3.59
	
	0.000
	
	-11.6
	4.04
	
	-11.6
	3.62
	
	-4.8
	2.05
	
	0.000

	1 to SN (°)
	
	112.8
	6.46
	
	110.1
	5.39
	
	0.011
	
	109.8
	6.34
	
	108.8
	6.22
	
	110.8
	6.51
	
	0.169

	IMPA (°)
	
	81.7
	7.48
	
	83.5
	7.19
	
	0.180
	
	82.4
	6.36
	
	87
	6.26
	
	84.8
	6.00
	
	0.000

	L1 to NB angular (°)
	
	21
	6.37
	
	22.8
	5.68
	
	0.149
	
	21.9
	5.38
	
	26.5
	5.17
	
	23.2
	4.26
	
	0.000

	L1 to NB linear (mm)
	
	6.6
	2.62
	
	6.7
	2.23
	
	0.855
	
	7.2
	2.56
	
	8.4
	2.61
	
	6.8
	2.13
	
	0.000

	Interincisal angle (°)
	
	130.7
	8.59
	
	127.7
	7.27
	
	0.037
	
	131.6
	9.20
	
	127.5
	7.44
	
	125.9
	7.25
	
	0.001

	Overjet (mm)
	
	-2.5
	2.59
	
	2.5
	0.51
	
	0.000
	
	-2.5
	2.88
	
	-3.7
	2.83
	
	2.2
	0.69
	
	0.000

	Overbite (mm)
	
	0.9
	1.68
	
	2.3
	0.59
	
	0.001
	
	0.3
	2.51
	
	-0.6
	2.41
	
	2.4
	0.55
	
	0.000


SD, Standard deviation; SFA, surgery-first approach; COS, conventional orthognathic surgery; T0, before treatment; T1, after presurgical orthodontic treatment; T2, after debonding. Paired t-test was done in SFA group; repeated measured ANOVA was done in COS group.



Table 5. Alveolar bone changes around mandibular central incisors in SFA group 
	
	
	Before treatment (T0)
	
	After treatment (T2)
	
	Difference (T0-T2)
	

	Variables
	
	Mean
	SD
	
	Mean
	SD
	
	Mean
	SD
	P value

	Labial side
	
	
	
	
	
	
	
	
	
	

	Vertical bone 
	
	
	
	
	
	
	
	
	
	

	VBL (mm)
	
	2.1
	0.93
	
	2.8
	1.11
	
	0.7
	0.98
	0.000

	Horizontal bone 
	
	
	
	
	
	
	
	
	
	

	uHBT (mm)
	
	0.6
	0.47
	
	0.4
	0.48
	
	-0.2
	0.43
	0.001

	mHBT (mm)
	
	0.6
	0.30
	
	0.5
	0.30
336
	
	-0.1
	0.38
	0.000

	lHBT (mm)
	
	0.8
	0.54
	
	0.8
	0.61
	
	0.1
	0.75
	0.860

	aHBT (mm)
	
	2.5
	0.81
	
	3.3
	1.20
	
	0.7
	1.07
	0.003

	ABA (mm2)
	
	7.5
	2.82
	
	7.4
	3.86
	
	-0.1
	4.33
	0.155

	Lingual side
	
	
	
	
	
	
	
	
	
	

	Vertical bone 
	
	
	
	
	
	
	
	
	
	

	VBL’ (mm)
	
	3.4
	2.00
	
	4.4
	1.83
	
	1.0
	1.51
	0.000

	Horizontal bone 
	
	
	
	
	
	
	
	
	
	

	uHBT’ (mm)
	
	0.3
	0.42
	
	0.1
	0.20
	
	-0.2
	0.44
	0.000

	mHBT’ (mm)
	
	0.9
	0.63
	
	0.5
	0.36
	
	-0.4
	0.46
	0.000

	lHBT’ (mm)
	
	1.6
	0.99
	
	0.8
	0.63
	
	-0.8
	0.71
	0.000

	aHBT’ (mm)
	
	4.1
	1.32
	
	2.8
	1.20
	
	-1.3
	1.03
	0.000

	ABA’ (mm2)
	
	12.3
	6.29
	
	5.8
	4.14
	
	-6.5
	3.98
	0.000


SD, Standard deviation. Paired t-test was done. 

Table 6. Measurement of alveolar bone changes around mandibular central incisors in COS group
	
	
	Before treatment (T0)
	
	 presurgical treatment (T1)
	
	After treatment (T2)
	
	

	Variables
	
	Mean
	SD
	
	Mean
	SD
	
	Mean
	SD
	
	p value

	Labial side
	
	
	
	
	
	
	
	
	
	
	

	Vertical bone 
	
	
	
	
	
	
	
	
	
	
	

	VBL (mm)
	
	3.7 a
	2.72
	
	5.3 b
	2.90
	
	5.5 b
	2.87
	
	0.001

	Horizontal bone 
	
	
	
	
	
	
	
	
	
	
	

	uHBT (mm)
	
	0.6 a
	0.54
	
	0.2 b
	0.43
	
	0.2 b
	0.50
	
	0.001

	mHBT (mm)
	
	0.5 a
	0.43
	
	0.4 a
	0.54
	
	0.4 a
	0.63
	
	0.383

	lHBT (mm)
	
	0.6 a
	0.36
	
	0.8 a
	0.78
	
	0.7 a
	0.86
	
	0.403

	aHBT (mm)
	
	2.6 a
	0.78
	
	3.3 b
	1.22
	
	3.1 b
	1.35
	
	0.003

	ABA (mm2)
	
	6.1 a
	2.65
	
	6.6 a
	4.75
	
	6.0 a
	5.87
	
	0.694

	Lingual side
	
	
	
	
	
	
	
	
	
	
	

	Vertical bone 
	
	
	
	
	
	
	
	
	
	
	

	VBL’ (mm)
	
	4.0 a
	2.23
	
	7.2 b
	2.28
	
	7.8 b
	2.38
	
	0.000

	Horizontal bone 
	
	
	
	
	
	
	
	
	
	
	

	uHBT’ (mm)
	
	0.3 a
	0.42
	
	0.0 b
	0.19
	
	0.0 b
	0.12
	
	0.006

	mHBT’ (mm)
	
	0.8 a
	0.70
	
	0.2 b
	0.42
	
	0.1 c
	0.32
	
	0.000

	lHBT’ (mm)
	
	1.5 a
	0.99
	
	0.5 b
	0.69
	
	0.3 c
	0.57
	
	0.000

	aHBT’ (mm)
	
	3.8 a
	1.58
	
	2.8 b
	1.36
	
	2.5 c
	1.08
	
	0.000

	ABA’ (mm2)
	
	10.8 a
	7.29
	
	4.2 b
	4.77
	
	2.7 b
	3.67
	
	0.000


SD, standard deviation; T0, before treatment; T1, after presurgical orthodontic treatment; T2, after debonding; repeated measures ANOVA was done.
Same superscript character indicates no statistical significance. 

Table 7. Comparison of difference in alveolar bone changes around mandibular central incisors between two groups.
	
	
	SFA group
	
	COS group
	
	

	
	
	
	
	
	
	

	Variables
	
	Mean
	SD
	
	Mean
	SD
	
	P value

	Labial side
	
	
	
	
	
	
	
	

	Vertical bone 
	
	
	
	
	
	
	
	

	VBL (mm)
	
	0.7
	0.98
	
	1.9
	2.58
	
	0.937

	Horizontal bone 
	
	
	
	
	
	
	
	

	uHBT (mm)
	
	-0.2
	0.43
	
	-0.3
	0.48
	
	0.780

	mHBT (mm)
	
	-0.1
	0.38
	
	-0.1
	0.47
	
	0.112

	lHBT (mm)
	
	0.1
	0.75
	
	0.1
	0.76
	
	0.730

	aHBT (mm)
	
	0.7
	1.07
	
	0.6
	1.18
	
	0.720

	ABA (mm2)
	
	-0.1
	4.33
	
	-0.1
	5.16
	
	0.613

	Lingual side
	
	
	
	
	
	
	
	

	Vertical bone 
	
	
	
	
	
	
	
	

	VBL’ (mm)
	
	1.0
	1.51
	
	3.9
	2.55
	
	0.783

	Horizontal bone 
	
	
	
	
	
	
	
	

	uHBT’ (mm)
	
	-0.2
	0.44
	
	-0.2
	0.40
	
	0.560

	mHBT’ (mm)
	
	-0.4
	0.46
	
	-0.6
	0.52
	
	0.772

	lHBT’ (mm)
	
	-0.8
	0.71
	
	-1.2
	0.81
	
	0.111

	aHBT’ (mm)
	
	-1.3
	1.03
	
	-1.3
	1.21
	
	0.571

	ABA’ (mm2)
	
	-6.5
	3.98
	
	-8.0
	5.79
	
	0.179


SD, standard deviation; T0, before treatment; T1, after presurgical orthodontic treatment; T2, after debonding; ANCOVA was done.
The means and standard deviations for the alveolar bone changes in the mandibular incisor until the treatment progress in each SFA and COS group are shown in Tables 5 and 6. The values of vertical bone level and horizontal bone thickness along with alveolar bone area changes were obtained before (T0) and after (T2) treatment in SFA group (Table 5). The mean vertical bone level on the labial side was 2.1 ± 0.9 mm (T0) and 2.8 ± 1.1 mm (T2). The vertical bone loss on the labial side of mandibular incisor was significantly increased after treatment. The changes in mean horizontal bone thickness at the uHBT, mHBT, and aHBT level on the labial side significantly decreased after treatment. The mean vertical bone level on the lingual side was 3.4 ± 2.0 mm (T0) and 4.4 ± 1.8 mm (T2). The vertical bone loss on the lingual side were significantly increased after treatment. The mean horizontal bone thickness and alveolar bone area on the lingual side was significantly decreased after treatment. Vertical alveolar bone loss around mandibular incisors was prominent than horizontal bone loss after treatment. Alveolar bone loss was greater on lingual side than on the labial side.
The values of vertical bone level and horizontal bone thickness together with changes in the alveolar bone area were obtained before treatment, and after presurgical orthodontic treatment and after postsurgical orthodontic treatment in the COS group (Table 6). The mean vertical bone levels on the labial side were 3.7 ± 2.7 mm (T0), 5.3 ± 2.9 mm (T1) and 5.5 ± 2.8 mm (T2), respectively. The mean vertical bone levels on the lingual side were 4.0 ± 2.2 mm (T0), 7.2 ± 2.2 mm (T1) and 7.8 ± 2.3 mm (T2), respectively. The vertical bone loss on the labial and lingual sides significantly increased during presurgical orthodontic treatment but did not deteriorate during postsurgical orthodontic treatment. The changes in mean horizontal bone thickness involving the uHBT on both labial and lingual sides decreased significantly during presurgical orthodontic treatment but did not deteriorate during postsurgical orthodontic treatment. The changes in mean horizontal bone thickness at the mHBT, IHBT, and aHBT on the lingual side significantly decreased during presurgical and postsurgical orthodontic treatment. The mean alveolar bone area on the lingual side significantly decreased during presurgical orthodontic treatment but did not deteriorate during postsurgical orthodontic treatment. Vertical alveolar bone loss around mandibular incisors was prominent than horizontal bone loss after treatment. Alveolar bone loss was greater on lingual side than on the labial side.
The comparison of alveolar bone changes around mandibular incisor with the treatment between SFA and COS groups are shown in Table 7. The alveolar bone changes around mandibular incisor between SFA and COS groups showed no statistically significant differences. However, in the COS group, the alveolar bone was reduced greater than in the SFA group suggesting that the total treatment time and presurgical orthodontic treatment may affect the alveolar bone changes around mandibular incisors in the COS group.



IV. Discussion

Alveolar bone support is important for periodontal health; specifically, it is essential to the stability of anterior teeth and thus to acceptable esthetics. Optimal stability is considered to be achieved when the incisors are positioned in the medullary portion of the alveolar bone and in good balance with the labial and lingual musculature.7,8 The mandibular symphysis is the anatomic structure that limits the movement of those incisors, and the bony thickness of the lower anterior teeth is thin and susceptible to periodontal disease.9 This structure has to be considered in skeletal Class III patients with mandibular prognathism, as the mandibular incisors are inclined lingually as the result of dental compensation and move forward in the course of presurgical orthodontic treatment. Orthodontists must keep in mind that the cortical plates of the palate and symphysis as traced from cephalometric radiographs present a two-dimensional view of a concave surface. Thus, the actual limits of the palate and symphysis at the midline might be narrower than those images indicate.10 
CBCT images allow close examination of incisors’ labiolingual osseous support without the disadvantages of conventional radiography. These images are not subject to distortion or superimposition. Moreover, secondary computerized reconstructions facilitate quantitative and qualitative evaluation of bone surfaces, quantitative evaluation of the relationship between teeth and bone, and selection of the desired sections. Fuhrmannet al.11 showed that quantitative evaluation of alveolar bone plates with CT is accurate to a minimum bone thickness of 0.5 mm. Whereas conventional dental radiographs do not allow for evaluation of dehiscence sites, CBCT findings have proven to be statistically similar to histologic measurements.11 Considering this, CBCT images were used for measurements to more accurately evaluate alveolar bone changes. 
In the present study, the total treatment period in COS group was 26.8 ± 4.8 months and 19.8 ± 5.8 months in SFA group on average. Alveolar bone loss of the mandibular central incisor was significantly advanced, except for one measurement: the horizontal bone thickness of the root apex on the labial side. This suggests that the movement pattern of the mandibular incisors during presurgical orthodontic treatment was labial tipping, not bodily movement. The postsurgical orthodontic treatment period was 8.3 ± 3.2 months on average; the alveolar bone loss was not significantly deteriorated during this period. As a result of multiple comparison tests, the vertical alveolar bone was gain in the crown third of the root of the central incisor and the crown third of the lingual side root of the lateral incisor. But the total extents of alveolar bone gain were small, less than 1.0 mm, not enough to be the original state. This should be considered, and patients should be informed, prior to surgical orthodontic treatment, especially in skeletal Class III cases. There was no statistically significant correlation between the degree of incisor inclination and the extent of alveolar bone change. Alveolar bone change is related to biomechanical phenomena and is influenced by many factors, including the periodontal environment, the gingival type, the patient’s oral habit, and others.12 Thus, it might be possible that the extent of alveolar bone change is not mathematically or directly correlated with the degree of incisor inclination. 
In this study, patients with severe periodontal disease and perio-susceptible patients were excluded. However, previous studies suggested that excessive labial and lingual movement of the maxillary and mandibular incisors should be avoided to prevent irreversible bone loss and less bone support for teeth.13-15 Several factors such as crowding, curve of Spee and the amount of tooth movement during treatment might play a role in the bone loss process. Lee et al.3 have reported that the amount of incisor inclination change influenced of alveolar bone loss because the results of many factors were reflected in incisor inclination change. The incidence of bone loss and root resorption in adult orthodontic patients is, in general, at a clinically acceptable level.8 The ratios of labial and lingual vertical alveolar bone loss (%VBL and %VBL9) was also evaluated, and they were dependent on the root length as well as the amount of bone loss. To minimize the alveolar bone loss during the presurgical orthodontic treatment period, the mandibular incisors are moved or advanced within the alveolar bone housing. With the results of this study, excessive forward movement of the mandibular incisors should be reconsidered according to the patient’s anatomic limits and periodontal health, and patients so informed, prior to surgical orthodontic treatment, particularly in the case of skeletal Class III patients. In addition, further long-term studies at least 6 months out of retention are still necessary.


V. Conclusion

The results of this study indicated that both surgery-first approach and conventional orthognathic surgery with presurgical orthodontic treatment cause loss of the alveolar bone around lower incisors in mandibular prognathism. Clinicians should take this into consideration to decompensate the mandibular incisors during the surgical orthodontic treatment.
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골격성 III급 부정교합 환자의 악교정수술 전후 
하악 전치부 치조골 변화에 관한 연구: 
선수술과 기존의 악교정수술적 접근의 비교


기 연 주

전남대학교 대학원 치의학과 
(지도교수 : 이경민)

(국문초록)
연구목적: 본 연구는 골격성 3급 부정교합을 가진 환자를 선수술과 기존 악교정 수술로 치료한 후 하악 전치부 치조골의 변화를 CBCT 이미지를 이용해 평가하고 이를 통해 악교정 수술 치료 시 치료 계획수립에 도움이 되고자 시행되었다.  

연구방법: 선수술로 치료한 30명의 환자와 기존의 악교정 수술로 치료한 30명의 환자를 대상으로 치료 전(T0)과 술전 교정 시행 후(T1) 그리고 치료 후(T2)에 콘빔CT 영상을 촬영하고 각각의 시점에서 하악 전치부 치조골의 단면영상을 재구성 하여 협측과 설측에서의 치조골 두께과 높이 그리고 치조골의 넓이의 변화를 측정하였다. 각 환자군에서 치료 시점에 따른 하악 전치부 치조골의 변화양상을 비교 평가하고, 이러한 변화 양상이 두가지 치료법 즉, 선수술과 기존 악교정 수술로 치료한 군 간의 차이가 있는지 ANCOVA로 비교 분석하였다. 

연구결과: 선수술로 치료받은 환자군과 기존의 악교정 수술로 치료받은 환자군 모두에서 치료 전과 치료 후 하악 전치부 치조골의 두께와 높이가 감소하였다. 특히, 수직적 골 소실양이 수평적 골 소실양보다 더 크게 나타났다. 또한, 협측 치조골 보다 설측 치조골에서 치료에 따른 골 소실이 더 크게 나타났다. 치료 전과 치료 후 나타나는 하악 전치부 치조골의 변화량이 선수술과 기존의 악교정 수술로 치료한 군 간의 차이가 있는지 비교 분석한 결과, 통계적으로 유의한 차이는 보이지 않았지만, 기존 악교정 수술로 치료한 군에서 골 소실양이 더 크게 나타났다. 

결론: 골격성 3급 부정교합 환자에서 악교정수술을 동반한 교정치료시, 하악 전치부 치조골 소실이 발생할 수 있으며, 임상에서는 이에 주의를 기울여야한다. 
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