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Three-dimensional measurement of
periodontal support during surgical
orthodontic treatment of high-angle

skeletal Class 111 malocclusion:

A retrospective study

Hangmiao Lyu,? Huimin Ma,? Jianxia Hou,® Xiaoxia Wang,® Yong Wang,® Yijiao Zhao," and Xiaotong Li?
Beijing, China

Introduction: This study aimed to quantify the periodontal health of incisors during surgical orthodontic treat-
ment in patients with high-angle Class lll malocclusion using a cone-beam computed tomography (CBCT) 3-
dimensional (3D) reconstruction technique. Methods: The sample consisted of 30 patients with high-angle
Class Il malocclusion (mean age, 20.53 = 2.86 years). CBCT images were taken before treatment (T0), after
presurgical orthodontic treatment, and after treatment (T2). In addition, 3D tooth and alveolar bone models
were generated. The root surface area, periodontal ligament (PDL)_Area, and vertical bone level (VBL)
around the maxillary and mandibular central incisors were measured. Results: The root surface area and
PDL_Area of maxillary and mandibular central incisors decreased continuously between TO and T2
(P <0.01). At T2, mandibular central incisors showed 38.64 = 13.39% PDL_Area loss, and maxillary central in-
cisors exhibited 21.13 + 16.48% PDL_Area loss. For mandibular central incisors, the PDL_Area loss caused by
VBL loss was significantly greater than that for maxillary central incisors (P <0.01) and significantly greater than
the PDL_Area loss caused by root resorption (P <0.01). From TO to T2, the lingual surface of maxillary central
incisors exhibited greater VBL loss than the other 3 surfaces (P <0.01), and the labial and lingual surfaces
of mandibular central incisors demonstrated greater VBL loss than proximal surfaces (P <0.01).
Conclusions: The 3D CBCT reconstruction method provides useful information regarding the periodontal de-
fects of incisors in patients with high-angle skeletal Class Ill malocclusion. The PDL_Area of maxillary and
mandibular central incisors decreased continuously during the treatment. Vertical alveolar bone levels at

proximal surfaces appeared to be relatively stable. (Am J Orthod Dentofacial Orthop 2022;162:839-49)

atients with Class 111 malocclusion have thinner
anterior alveolar bone and more vertical bone
loss than Class 1 patients with normal occlusion, '
and the alveolar bone thickness of patients with high-
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angle skeletal Class 111 occlusion were significantly
smaller than those with skeletal Class 111 average or low
angle occlusion and Class 1 of mandibular incisors.”
For patients with Class Tl malocclusion undergoing
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orthognathic surgery, it is important for orthodontists to VBLs in a 1-dimensional way without taking the root
monitor their periodontal health condition during treat- shape change into account; this approach underesti-
ment. Tooth sockets are formed and supported by the mates the amount of true periodontium loss.'”'*?°
periodontal ligament (PDL) and the alveolar bone. The Because of the limited choice of measurement plane,
PDL is an aligned fibrous network anchored firmly to few studies have considered the effect of vertical bone
the root cementum of the teeth on one side and the alve- loss at the proximal surfaces of incisors,'® which may
olar bone of the jaw on the other side.”” It has been pro- have introduced potential bias in evaluating the sur-
posed that the PDL and alveolar bone are functional rounding alveolar bone. Finally, many studies did not
units and undergo robust remodeling in orthodontic consider postsurgical orthodontic treatment, whereas
tooth movement.” The morphologic change of the PDL periodontal damage may have occurred during this
intuitively reflects the effect of vertical bone level® and period and would differ from presurgical orthodontic
apical root resorption on periodontal support.” More- treatment.
over, the PDL_Area is associated with the anchorage CBCT 3D reconstruction has been confirmed to be an
value of teeth.® Therefore, the PDL_Area is important accurate, reliable, nondestructive method to visualize
in predicting periodontal support and orthodontic tooth the anatomic structure of teeth'®”"”* and periodontal
movement. bone defects.”’ Instead of artificially simulating peri-
Previous scholars used various methods to measure odontal attachment levels in vitro, we measured RSA
the root surface area (RSA) below the cementoenamel and PDL_Area in vivo using the CBCT 3D reconstruction
junction (CEJ). However, these methods have disadvan- method; acquiring these measurements with this
tages; for instance, these methods lack accuracy and method allowed periodontal and endodontic conditions
precision and require difficult procedures, such as tooth to be assessed more thoroughly and comprehensively. In
extraction.” Researchers reconstructed root surfaces on addition, by evaluating the VBLs of 4 surfaces around in-
the basis of microcomputed tomography (micro-CT) or cisors, we can investigate the differences in alveolar
cone-beam computed tomography (CBCT) to detect api- bone levels among surfaces; these differences can pro-
cal root resorption cavities'”"'" and measured RSA as an vide insight into the causal relationship between the
important marker for determining the periodontal treat- morphology of periodontal deterioration and orthodon-
ment plan and prognosis of the teeth.” However, RSA tic tooth movement.
measurements do not consider alveolar bone conditions; This study aimed to investigate periodontal de-
in recent years, the PDL surface area, or alveolar bone- fects during the surgical orthodontic treatment of
attached root surface, has been studied to evaluate the patients with high-angle Class 111 malocclusion by
periodontal health of teeth. Researchers artificially simu- measuring RSA, PDL_Area, and VBLs around the
lated the PDL_Area in digital tooth models in vitro.>'*'® maxillary and mandibular central incisors after
To date, no previous study has performed periodontal CBCT 3D reconstruction.

attachment level-based 3-dimensional (3D) PDL_Area
measurements in humans in vivo.

The method of measuring alveolar bone thickness MATERIAL AND METHODS
and the vertical bone level (VBL) of patients with Class

Selecti f th I
111 malocclusion in the sagittal plane of CBCT images election ot the sample

has been well established.””'®'® During presurgical This retrospective study was approved by the Biomed-
orthodontic treatment, mandibular incisors have ical Ethics Committee of Peking University School and
shown a significant reduction in the VBL and bone Hospital of Stomatology (PKUSSIRB-201951168). Thirty
thickness and gingival recession'’"'?; the alveolar bone patients with Class 111 malocclusion (15 men, 15 women;
at the lingual surface of mandibular incisors may be mean age, 20.53 = 2.86 years) were treated at the Depart-
more vulnerable to dentoalveolar decompensation.'’ ment of Orthodontics at Peking University Hospital of
Past studies of periodontal damage during surgical or- Stomatology from 2013 to 2019 were enrolled (Table 1).
thodontic treatment of patients with Class 111 malocclu- All subjects underwent bilateral sagittal split ramus os-
sion have had several limitations. Studies have focused teotomy and LeFort 1 surgery with rigid internal fixation
primarily on measuring the height and thickness of alve- and presurgical and postsurgical orthodontic treatment.
olar bone at the labial and lingual surfaces of incisors in The sample size calculation was determined by power
the sagittal plane. Evaluating these 2-dimensional (2D) analysis and sample size software (version 15.0; NCSS,
measurements without considering the 3D PDL_Area Kaysville, Utah) on the basis of vertical bone loss of a lower
may not adequately indicate the severity of periodontal limit of 95% confidence interval (LCls)."” A minimum
lesions. Moreover, 2D linear measurements describe sample size of 30 subjects was required to conduct a
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Table I. Patient characteristics in this study

Characteristics Male (n = 15) Female (n = 15)
Age, y 19.69 = 3.38 21.06 = 2.69
TO-T1, mo 24.56 £ 4.49 25.86 = 5.84
T1-T2, mo 11.50 = 4.96 11.53 £ 4.95
TO-T2, mo 36.06 = 6.90 37.40 = 7.07

Note. Presented values are mean = standard deviation.

statistical analysis with a significance level of 0.05 and a
statistical power of 80%.

Inclusion criteria were as follows: aged >18 years;
skeletal and dental Class 111 malocclusion (ANB <0°;
overjet <O mm), high angle (SN-MP >37.7°), mild
crowding (<4 mm) in the maxillary and mandibular
arch, bilateral first premolar extraction in the maxillary
arch, and no extraction in the mandibular arch.

The exclusion criteria were severe facial asymmetry
(>3 mm of chin point deviation from the facial midline),
noticeable periodontal disease, cleft lip or palate or other
craniofacial syndromes, missing or decayed teeth before
treatment (except for the third molars), and orthodontic
treatment history.

All the orthodontic treatment was performed by a
single orthodontist (X.L) with a straight-wire fixed appli-
ance (0.022-in slot size, MBT prescription), and the
archwire sequence involved 0.014, 0.016, 0.018, and
0.018 X 0.025-in nickel-titanium wires followed by a
0.018 X 0.025-in stainless-steel wire. During presurgi-
cal orthodontic treatment, anchorage in the maxillary
arch was reinforced using miniscrew implants, and an
upper limit of 95% confidence interval (UCls) could
move in a controlled tipping manner.

Large field-of-view (FOV) CBCT imaging using New-
Tom VG (Aperio Services, Verona, Italy) was performed
before treatment (T0), after presurgical orthodontic
treatment (T1), and after treatment (T2). In addition,
lateral cephalograms were reconstructed from CBCT im-
ages. CBCT images were recorded in full scan mode (110
kVp; 2.05 mA; 0.3-mm voxel size; scan time, 3.6 sec-
onds; and FOV of 15 X 12 cm).

UCls and LCls on the right side were selected as sub-
jects for measurement. The definitions of the measure-
ments used in this study are described in Table II.

Measurement of VBLs

CBCT data in digital imaging and communication in
medicine format were imported into Dolphin 11.8 (Dol-
phin Imaging and Management Solutions, Chatsworth,
Calif).

The orientation of CBCT images used in this study
was modified from previous reports.'®'” Measurements
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Table Il. Definitions of measurements used in this
study

Definitions

The whole root surface area up to the CEJ

The part of the RSA that is covered by PDL
and alveolar bone

Root resorption, mm? The reduction amount of RSAs between 2
time points

The PDL_Area loss caused by vertical bone
loss; the reduction amount of PDL_Areas
between 2 time points minus root
resorption during 2 time points

Distance from the midpoint of CEJ on the
labial and lingual side to the root apex of
maxillary or mandibular incisors

Vertical bone loss on the mesial side of
maxillary or mandibular incisors; distance
from CEJ to alveolar crest on the mesial
side parallel to root length

Vertical bone loss on the distal side of
maxillary or mandibular incisor; distance
from CEJ to alveolar crest on the distal
side parallel to root length

Vertical bone loss on the labial side of
maxillary or mandibular incisor; distance
from CEJ to alveolar crest on the labial
side parallel to root length

Vertical bone loss on the lingual side of
maxillary or mandibular incisor; distance
from CEJ to alveolar crest on the lingual
side parallel to root length

Measurements

RSA, mm?
PDL_Area, mm?

Bone loss, mm?

Root length, mm

MBL, mm

DBL, mm

LABL, mm

LBL, mm

were acquired from sagittal slices of CBCT images in
which incisors were the widest labiolingually in the axial
view, and the long axis of the root was adjusted to the
vertical orientation to obtain the axial, coronal, and
sagittal root planes (Fig 1). The 2D root length was
determined in the sagittal plane by connecting the
root apex and the midpoint of the CEJ. The vertical linear
distance between the CEJ and the incisor alveolar bone
crests was measured as the VBL. The corresponding dis-
tances were obtained for the mesial VBL (MBL), distal
VBL (DBL), labial VBL (LABL), and lingual VBL (LBL).

RSA and PDL area measurements

Digital imaging and communication in medicine files
were imported into Mimics software (version 19; Mate-
rialise, Leuven, Belgium). We then reconstructed 3D dig-
ital tooth and bone in vivo models with Mimics. The
tooth was segmented first. CBCT images in Mimics had
predefined thresholds (minimum, 1200 segments;
maximum, 3071 segments) that correspond to tooth
density and the designated area for 3D reconstructions
(Fig 2, A). The tooth, PDL, and jawbone were assembled
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Root length

Fig 1. Example and illustrations of VBL measurement around UClIs and LCls: A-C, Example of CBCT
images of the maxillary right central incisor. The orientation of axial, coronal, and sagittal slices; D and

E, The measurements of VBLs and root length.

Fig 2. Process of segmenting tooth and alveolar bone in Mimics: A, Thresholding mask based on tooth
density; B, Thresholding mask based on the general bone value.

to create the digital bone model (Fig 2, B). In each CBCT
slide, manual refinement was conducted through a 2D
slide-by-slide procedure to modify the primary tooth
gray scale images.”* The digital tooth and bone models
were exported in stereolithography file format.

The corresponding stereolithography images of the
tooth and bone models at TO, T1, and T2 were imported
into Geomagic software (Geomagic, Cary, NC) (Fig 3, A).
To obtain the RSA model, the tooth model was separated
into 2 parts along the CEJ curve, and the crown was
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Fig 3. Separation of RSA and PDL_Area: A, 3D digital tooth model generated from CBCT; B, The
model was separated along the CEJ curve, and RSA was obtained; C, The periodontal alveolar attach-
ment level was drawn around the incisors on the bone model; D, The curve on the bone model was
projected to the tooth model; E, The tooth model was separated along the periodontal alveolar attach-
ment curve, and the PDL was obtained; F, The crown was removed, and PDL was preserved.

removed (Fig 3, B). To obtain the PDL_Area model, we
identified and drew points along the periodontal attach-
ment level around the incisors on the digital bone model,
and a curve was generated by connecting the points
marked on the model surface using the creation method
in Geomagic (Fig 3, C). The created boundary curve was
projected to the digital tooth model (Fig 3, D), the model
was separated along the curve into 2 parts, and the
PDL_Area model was preserved (Fig 3, E).

Statistical analysis

Statistical analyses were performed using SPSS
(version 20.0; 1BM Corp, Armonk, NY). All measurements
were taken twice at an interval of 2 weeks by the same
investigator. The average of these 2 measurements was
used for statistical analysis. Furthermore, measurements
of 20 randomly chosen subjects were taken by 2 blinded
authors (H.L and H.M, who have between 4 and 8 years
of experience in dental and periodontal imaging). The
systematic intraexaminer error was determined using
paired t test. Intraexaminer and interexaminer agree-
ments were calculated using the intraclass correlation
coefficient (1CC).

Furthermore, the error in the segmenting process was
evaluated by measuring the total surface area of the
teeth. The segmenting error was analyzed with the
Bland-Altman test. Analysis of variance with the general
linear model was used to analyze changes in VBL, RSA,
PDL_Area, and repeated measurements. Bonferroni
correction was applied to compensate for multiple com-
parisons.

One-way analysis of variance with Duncan’s multiple
comparison test was performed to compare VBLs on
different surfaces. The Mann-Whitney U test was used
to compare the bone loss and root resorption of different
teeth.
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RESULTS

Change in PDL area and RSA of UCIs and LCls
during surgical orthodontic treatment

The PDL_Area of UCIs and LCls decreased signifi-
cantly during pre- and postsurgical orthodontic treat-
ment (Table 111) (Fig 4). From TO to T2, the PDL_Area
of UCIs and LCls decreased to 28.39 *+ 21.94 mm? and
41.35 = 14.89 mm? (Table 1V), respectively, and LCls
indicated greater PDL_Area loss than UCls (P <0.05).
At T2, the PDL_Area was reduced by 21.13 = 16.48%
for UCls and 38.64 = 13.39% for LCls compared with
TO (Table V).

The RSA and root length of UCls and LCls decreased
significantly between TO and T1 and between T1 and T2,
which suggests that root resorption occurs continuously
over the treatment course (Table 111) (Fig 4). Moreover,
the root resorption of UCIs and LCls had no apparent dif-
ference fromTOto T1, T1to T2, and TO to T2. At T2, RSA
was reduced by 10.56 = 9.149% for UCls and 11.30 =
7.65% for LCls compared with that at TO (Table 1V).

As shown in Table V, from TO to T1, there was no dif-
ference between root resorption and bone loss, but from
T1 to T2, root resorption was significantly greater than
bone loss for UCls. From TO-T2, there was no apparent
difference between root resorption and bone loss.

For LCls, from TO to T1, bone loss was significantly
greater than root resorption, but from T1 to T2, there
was no statistically significant difference between bone
loss and root resorption. From TO to T2, the bone loss
was significantly greater than root resorption.

From TO to T1 and from TO to T2, the bone loss of
LCls was significantly greater than that of UCls, but
from T1 to T2, there was no apparent difference in
bone loss between UClIs and LCls. The results suggest
greater periodontal damage of LCls compared with
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Table lll. Comparison of PDL_Area and RSA of maxillary and mandibular central incisors during surgical orthodontic
treatment

Measurement
ua
PDL_Area, mm?
RSA, mm?
Root length, mm
LCl
PDL_Area, mm?
RSA, mm?
Root length, mm

T0 stage

137.41 = 27.00
155.15 * 27.21
11.17 £ 2.04

108.01 * 18.19
125.53 * 15.09
11.06 £ 0.95

T1 stage

117.16 £ 31.30
146.22 * 28.56
10.19 £ 2.17

79.72 = 23.93
118.63 * 16.01
1032 = 1.10

T2 stage

109.02 * 33.24
138.82 * 27.25
9.82 £ 2.28

66.66 = 20.34
111.24 £ 16.12
9.96 £ 1.05

P value'

<0.001**
<0.001*"
<0.001**

<0.001**
<0.001*"
<0.001**

Multiple comparisons’

TO>T1>T2
TO>T1>T2
TO>T1>T2

TO>T1>T2
TO>T1>T2
TO>T1>T2

Note. Presented values are mean * standard deviation.
*P =0.01; {One-way repeated measures analysis was performed to compare T0, T1, and T2; *Multiple comparisons: Bonferroni test with repeated
measures analysis.
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Fig 4. The boxplots of PDL_Area and RSA: A, Comparison of PDL_Area and RSA of UCIs during sur-
gical orthodontic treatment; B, Comparison of PDL_Area and RSA of LCls during surgical orthodontic
treatment. *P <0.05; **P <0.01.

Table IV. Changing amount and percentage of PDL_Area, RSA, and root length in T1-TO, T2-T1, and T2-TO

ucl LCI
Measurement Mean (% change)  Standard deviation (% change) ~ Mean (% change)  Standard deviation (% change) P value'
PDL_Area, mm?
T1-TO —20.25 (—15.15) 17.5(12.91) —28.29 (—26.67) 16.73 (15.57) 0.08
T2-T1 —8.14 (—5.98) 12.76 (10.18) —13.06 (—11.97) 12.74 (10.64) 0.15
T2-TO —28.39 (—21.13) 21.94 (16.48) —41.35 (—38.64) 14.89 (13.39) 0.011*
RSA, mm?
T1-TO —8.93 (—5.73) 13.62 (8.86) —6.90 (—5.40) 8.37 (6.68) 0.51
T2-T1 —7.40 (—4.83) 10.88 (7.12) —7.39 (—5.90) 9.87 (7.81) 0.99
T2-TO —16.33 (—10.56) 13.68 (9.14) —14.29 (—11.30) 10.06 (7.65) 0.52
Root length, mm
T1-TO —0.98 (—9.49) 1.08 (10.38) —0.74 (—6.54) 0.67 (5.92) 0.22
T2-T1 —0.37 (—4.01) 0.51 (4.67) —0.36 (—3.29) 0.40 (3.59) 0.67
T2-TO —1.35(—13.51) 1.26 (11.58) —1.10 (—9.83) 0.75 (6.56) 0.21

*P =0.05; TA matched t test was performed to compare the difference in changing amounts between UCls and LCls. The percentage of changing
amount compared with TO is presented in parentheses.
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Table V. Comparison of root resorption and bone loss

in T1-TO, T2-T1, and T2-TO

Root resorption, mm?  Bone loss, mm>

Comparisons Median  Quartile Median Quartile P value'

T1-TO

ual 9.42 0.50 9.45 0.88  0.70
LCI 5.72 0.15  20.82 10.43  <0.01%
P value 0.44 0.008"*

T2-T1

ual 7.30 1.47 1.24 0.02  0.02°
LClI 5.65 0.04 3.95 0.07 043
P value' 0.87 0.23

T2-TO

ual 19.44 8.20 7.49 072  0.22
LClI 15.77 6.82  27.89 1636 0.001*
P value 0.22 0.002*

*P =0.05; **P =0.01; "Mann-Whitney U test was performed to
compare the differences between root resorption and bone loss;
fMann-Whitney U test was performed to compare the difference be-
tween UCls and LCls.

UCls in presurgical orthodontic treatment. To explore
the alveolar periodontal damage around the incisors,
MBL, DBL, LABL, and LBL were measured.

Change in VBLs of UCIs and LClIs during surgical
orthodontic treatment

As shown in Table VI, at TO, the mean VBLs around
UCIs were <2 mm except for the MBL, and the LBL
was 1.38 mm, which was small compared with the
VBLs of other surfaces. For LCls, VBLs were >2 mm,
and VBLs of proximal sites were small than those of
labial and lingual surfaces.

For UCls, between TO and T1, the LBL increased
significantly from 1.38 mm to 3.56 mm (P <0.05),
whereas there was no apparent change in the LBL be-
tween T1 and T2. LABL, MBL, and DBL values did not
change significantly from TO to T2. For LCls, MBL,
LABL, and LBL values increased significantly (P <0.01)
from TO to T1, whereas the DBL showed no apparent
change. In addition, the LABL increased significantly
from T1 to T2 (P <0.05), whereas MBL, DBL, and LBL
showed no apparent change.

The mean amounts of change in VBL from TO to T2 at
different surfaces of UCls and LCls are shown in Table
VII. During the treatment course, the LBL of UCIs
increased by 2.22 = 2.30 mm, which was significantly
greater than the increase observed in labial and proximal
surfaces. For LCls, LABL and LBL values increased by
3.06 * 2.50 mm and 3.40 = 2.39 mm, respectively, sta-
tistically greater than the changes observed at proximal
surfaces.

American Journal of Orthodontics and Dentofacial Orthopedics
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Changes in the proximal surfaces of UCls and LCls
showed no apparent difference. The results suggest
that the VBL of the labial surface of UCls and proximal
surfaces of UCls and LCls are relatively stable compared
with the VBL of other surfaces during surgical orthodon-
tic treatment.

The root length of UCIs and LCls decreased signifi-
cantly during the treatment (Table 111), but the mean
change in root length between TO and T2 was <2 mm.

Intra- and interexaminer agreements

We found a very high agreement within and between
examiners. Systematic intraexaminer error was evaluated
at P <0.05 and was found to be statistically insignifi-
cant. In addition, strong intraexaminer reliability (ICC,
0.985; 959 confidence interval [Cl], 0.973-0.991) was
found. Differences between examiners were also
analyzed, and the results showed high interexaminer
agreement for tooth segmentation (ICC, 0.992; 95%
Cl, 0.980-0.997) and (ICC, 0.947; 95% Cl, 0.871-
0.979) for PDL_Area measurement). Moreover, the
Bland-Altman analysis showed good consistency be-
tween 2 examiners in segmenting and PDL_Area
measuring.

DISCUSSION

This study focuses mainly on quantifying the alveolar
bone condition of UCls and LCls. These factors are
essential for diagnosing patients with high-angle Class
111 malocclusion undergoing surgical orthodontic treat-
ment.

In this study, we found that during surgical ortho-
dontic treatment, the PDL_Area of UCls and LCls
decreased continuously in presurgical and postsurgical
orthodontic treatment. After debonding, the percent-
ages of PDL_Area loss of UCls and LCls were 21.13%
and 38.649%, respectively, and LCls showed significantly
more PDL loss than UCls. According to the 2018 classi-
fication of periodontal diseases and conditions,”” mild
periodontal support bone loss is characterized by 16%-
30% radiographic VBL loss; moderate periodontal sup-
port involves a VBL loss >30% in root length but
still <50% overall. A previous study performed by
Hong et al'” investigated 3D RSA and periodontal
attachment levels of single-root premolars. They re-
ported that at the 15% coronal 2D root length level,
the 3D RSA apical to the CEJ was 21%, and at the
30% coronal 2D root length level, the 3D RSA apical to
the CEJ was approximately 40%.'” Although morpho-
logic characteristics differ between single-root premo-
lars and incisors, their report provided a 3D reference
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Table VI. Comparison of VBLs of UCls and LCls during surgical orthodontic treatment

Measurement, mm T0 stage T1 stage
ud
MBL 2.39 = 0.93 2.51 = 0.92
DBL 1.75 = 0.54 1.86 = 0.66
LABL 1.79 £ 0.63 2.09 £ 1.26
LBL 1.38 = 0.51 3.56 = 2.11
LCl
MBL 2.12 = 0.4 2.4 £ 0.56
DBL 2.07 £ 0.53 2.28 = 0.58
LABL 2.53 = 1.57 4.16 = 2.72
LBL 2.30 = 1.36 5.28 = 2.58

T2 stage P value' Multiple comparisons’
2.32 + 0.84 0.61 -

1.9 £ 0.51 0.44 -
2.01 = 0.71 0.22 -
3.59 = 2.17 <0.001** ToO < T1,T2
2.35 = 0.45 0.01* ToO < T1,T2
2.32 *+ 0.47 0.02* TO, T1 < T1, T2
5.59 £ 2.52 <0.01* ToO<T1I <T2
5.70 £ 2.52 <0.01** TO < T1,T2

*P =0.05; **P <0.01; 'One-way repeated measures analysis was performed to compare T, T1, and T2; ‘Bonferroni test with repeated measures

analysis.

Table VII. Comparison of the change of VBLs (T2-T0) of UCls and LCls

Comparison AMBL, mm ADBL, mm ALABL, mm ALBL, mm P value' Multiple comparison
ucal 0.07 = 1.05 —0.15 * 0.62 —0.23 *+ 0.54 —2.22 * 2.30 <0.001** L>M,D, LA
La —0.24 * 0.44 —0.25 + 0.45 —3.06 £ 2.50 —3.40 *+ 2.39 <0.001** LA, L>M,D

P value® 0.18 0.25 <0.001* 0.31

Note. Presented values are mean = standard deviation.

*P =0.05; **P =0.01; 'Analysis of variance was performed for comparison between different surfaces; ‘Matched t test was performed to compare

the difference between UCIs and LCls.

regarding the severity of periodontal damage for this
study.

The RSA of UCls and LCls decreased continuously in
the treatment course in this study, which means that
root resorption occurred in both the presurgical and
postsurgical orthodontic courses. Many studies have
considered the effect of root resorption on periodontal
support, and the evaluation of linear measurements of
VBLs without considering root length and root shape
tends to underestimate the periodontal support
loss.”””° However, no previous studies have attempted
to obtain the exact values of the PDL_Area loss caused
by root resorption or VBL loss, and no comparison be-
tween root resorption and bone loss has been performed.
This study is the first to implement this type of compar-
ison. We found no difference in RSA measurements for
UCls and LCls in presurgical and postsurgical orthodon-
tic treatment periods; this lack of change demonstrates
that the periodontal support loss caused by root resorp-
tion for UCls and LCls is statistically the same. In the pre-
surgical orthodontic treatment period for LCls, VBL loss
played a dominant role in PDL_Area loss compared with
root resorption. The PDL_Area loss caused by VBL loss in
LCls was significantly greater than that in UCls. The re-
sults emphasize the high risk of alveolar bone recession
of LCls in decompensation treatment and its impact on
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periodontal support. In the postsurgical orthodontic
treatment period for LCls, there was no difference be-
tween PDL_Area loss caused by VBL loss or root resorp-
tion. For UCls, VBL loss and root resorption had the same
effect on PDL_Area loss during the entire treatment
course. The results provide insight into the effect of
root resorption during orthodontic treatment for clini-
cians, and root resorption leads to not only endodontic
damage but also periodontal support loss. Hence, it is
necessary to consider root resorption when evaluating
periodontal damage during surgical orthodontic treat-
ment for patients with high-angle skeletal Class 111
malocclusion. Nevertheless, during the presurgical treat-
ment period, root resorption is less critical in its effects
on periodontal support loss than an alveolar bone reces-
sion for LCls.

To investigate the exact PDL_Area loss occurring at
various surfaces around incisors, MBLs, DBLs, LABL,
and LBLs were measured in Dolphin Imaging software.
We found that most of the VBL losses occurred at the
presurgical orthodontic stage, and deterioration in
postsurgical orthodontics, such as that observed at
the lingual surface of UCls, was not significant. The re-
sults were in accord with previous studies.'” However,
the labial surface of LCls had a significant reduction
in VBL in both presurgical and postsurgical
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orthodontic treatment. This was expected because for on the surface of digital tooth models.”'*'® However, in
patients with high-angle skeletal Class 111 malocclu- clinical practice, the alveolar bone around the teeth is
sion, before treatment, vertical bone loss is more severe typically not reduced equally at various sites during
in LCIs than in UCls, and the alveolar bone width of surgical orthodontic treatment of patients with high-
LCls is significantly thinner than that of UCls."'® More- angle skeletal Class 111 malocclusion. In addition,
over, the proclination of LCls for decompensation and in vitro simulations do not reflect periodontal
adjustment of detailed occlusion in postsurgical ortho- morphology changes during treatment. Moreover, the
dontic treatment seems to promote labial alveolar bone in vitro simulation of the cross-sectional study did not
recession. The retrolination movement of UCIs in pre- consider the impact of root resorption on periodontal
surgical orthodontic treatment may result in a lingual support. This study is the first to measure PDL_Area by
bone level reduction.”® Our previous study”® reported producing 3D models of teeth and alveolar bone using
that during the presurgical orthodontic course, the CBCT 3D reconstructions in vivo, which can better reflect
edges of UCls and LCls extruded vertically; however, the clinical situation.
the extrusion movement was relatively insignificant CBCT provides accurate and reproducible 3D recon-
compared with the vertical position before treatment. structions of the teeth that can be useful for some clin-
In this study, we emphasized the change in periodontal ical applications compared with micro-CT,'”* and
condition around the anterior incisors during the treat- some researchers reported that a voxel size of 0.30 mm
ment course. would be suitable for accurate tooth segmenta-
We compared the change in VBLs from TO to T2 at tion.”"**?>?! Jia et al’* compared single-root teeth
different UCIs and LCls, and the results indicated that RSA measurement in a sheep in situ on the basis of
the change in VBL at the lingual surface of UCls was CBCT data and images from an optical scanner and
significantly greater than that at the labial and proximal found that RSA data obtained from CBCT with different
surfaces. Although VBLs at proximal surfaces of LCls FOVs (12 X 8 cm or 8 X 8 cm) and voxel sizes (0.15 mm
showed a significant reduction during the treatment or 0.30 mm) were as accurate as optical scanner mea-
course, the change in VBLs at the labial and lingual sur- surements taken ex vivo.
faces of LCls was strikingly greater than the change at Regarding periodontal bone loss assessment, CBCT
proximal surfaces. Previous studies simulated VBL reces- provides very high agreement regarding intrabony volu-
sion in vitro and assumed that the alveolar bone height metric measurement of periodontal defects compared
losses around the incisors at different surfaces were with micro-CT in vitro regardless of the voxel size.”’
equal.”'*"> However, our results indicate that for UCls Compared with intrasurgical measurements of vertical
and LCls of patients with high-angle Class 11l malocclusion or horizontal bone loss, CBCT showed a corresponding
who underwent surgical orthodontic treatment, the dete- measurement”” or underestimation®® of vertical or hor-
rioration of periodontal alveolar bone is not pure horizon- izontal bone loss, with accuracy between 58% and
tal bone loss, and VBLs at proximal surfaces are relatively 93%.’” However, Patcas et al’® reported that it is diffi-
preserved compared with labial and lingual surfaces. After cult to accurately measure the boundary of thin alveolar
debonding, 3 wall intrabony pockets are discernible for bone with CBCT even with the 0.125-mm voxel protocol,
the coronal part of the UCls in which labial surfaces are and there is a risk of overestimating fenestrations and
intact and both proximal walls.”” For LCls, the proximal dehiscences. Various factors of CBCT exposure parame-
walls are intact, but the labial and lingual walls have ters may influence image quality, such as FOV size and
been destroyed. Augmented corticotomy could be used voxel thickness.””*” The differences in CBCT exposure
to maintain the labial bone volume,”® which may improve parameters between studies may explain the divergence
the periodontal prognosis of LCls. in conclusions. In this study, because of the limited
Previous studies have found that the 3D measure- CBCT resolution, 2 evaluators (H.L. and H.M.) knowl-
ment of RSA of periodontal attachment and 2D VBL is edgeable about dental and periodontal morphology
inconsistent,'’ and diagnosis on the basis of the condi- were asked to identify the periodontal attachment level
tion of the 2D radiographic bone and clinical attachment to improve measurement accuracy and consistency.
losses without considering 3D RSA is potentially inade- Currently, accurate 3D measurements require high-
quate and may underestimate the severity of periodontal resolution images, and micro-CT can reach a spatial res-
damage.'” Therefore, PDL_Area measurements are olution of 15-18 um, whereas the resolution of CBCT is
considered suitable to indicate the severity of peri- lower.”” Nevertheless, CBCT subjects are exposed to a
odontal deterioration during the orthodontic treatment higher radiation dose than conventional x-ray images.””
course. Researchers have simulated the PDL_Area Therefore, each time CBCT is used, the potential harm
in vitro by marking cutting lines parallel to the CEJ curve must be carefully weighed against the potential benefit
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