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Three-dimensional changes of the mandibular arch after total arch
distalization in skeletal Class Ill malocclusion

Youi Sreng?; Ji-Hyun Lee®; Tung Nguyen®; Kee-Joon Lee®; Kyung-Ho Kim®;
Chooryung J. Chung'

ABSTRACT

Objectives: To assess three-dimensional (3D) changes in tooth position, arch dimensions, and
gingival levels after mandibular total arch distalization in skeletal Class Il malocclusion.
Materials and Methods: Skeletal Class Ill patients treated with mandibular total arch distaliza-
tion using interradicular temporary anchorage devices were analyzed using stepwise 3D superim-
position and reorientation of serial cone beam computed tomography (CBCT) and digital casts
(N = 19). After mandibular regional superimposition of pre- (T0) and post-treatment (T1) CBCTs,
the mandibles were segmented and merged with the corresponding digital casts, generating
reoriented, superimposed TO and T1 digital casts. Changes in individual tooth position, arch
dimensions, occlusal plane, and clinical crown height (CCH) were measured.

Results: Mandibular teeth exhibited posterior movement ranging from 1.74 to 2.50 mm with sig-
nificant lateral movement of the premolars and increase of inter-premolar width by 2.15-2.66 mm
(P < .05). Extrusive movement of the entire dentition excluding the second molar was noted
(P < .05), inducing changes of the occlusal plane. The overall changes in CCH were limited to
—0.23 to 0.16 mm. CCH significantly increased in the premolars and decreased in the first molar
(P < .05).

Conclusions: Based on a stepwise digital superimposition, mandibular total arch distalization
induced complex 3D changes in the mandibular arch, including distalization, extrusion, and
increase of interpremolar width. Gingival margins generally were maintained, though mild-to-
moderate recession was suggested in around 20% of the premolars, which may require attention.
(Angle Orthod. 2025;00:000-000.)
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INTRODUCTION

The use of temporary anchorage devices (TADs) has
broadened the scope of nonsurgical orthodontic treatment
by enabling three-dimensional movement of the entire
dentition." Total arch distalization with TADs has been
reported to address Class Il or lll malocclusion effectively,
while improving vertical and transverse dimensions,2™®
soft tissue esthetics®® and long-term stability.®'° Total
arch distalization ranging from 1.29 to 3.5 mm can be
successfully achieved using bilateral TADs in the poste-
rior interradicular space of the mandible to improve Class
I1,2"" and Class Ill malocclusions.® 213

Clinically, treatment outcome evaluation of total
arch distalization has been relatively simplified, mostly
by analyzing central incisor and first molar movement
using serial lateral cephalometric radiographs.'®"
Total arch distalization represents movement of the
whole arch in the distal direction per se; nevertheless,
it induces three-dimensional (3D) changes throughout
the entire arch not restricted to the sagittal plane.
Cone-beam computed tomography (CBCT) superim-
position or best-fit digital model superimposition has
suggested various regional extrusive, intrusive, and/or
transverse changes affecting arch dimensions,'®!"
and orthopedic changes such as mandibular rotation,
possibly inducing changes in the profile as well as
smile line.®"

Given the complex dentofacial orthopedic changes
induced in the sagittal, vertical, and transverse dimen-
sions after total arch distalization, detailed and accu-
rate 3D evaluation methods are required to fully
understand the clinical outcome. However, unlike
maxillary CBCT or cast superimposition, which are
considered reliable and accurate methods that can be
applied clinically,’*'® mandibular CBCT or cast
superimposition is not fully accepted due to various
limitations, including lack of stable/reliable anatomical
landmarks,'” late mandibular growth,'® tooth move-
ment-induced rotation, and the possibility of temporo-
mandibular joint (TMJ) displacement or condylar
resorption.'9:2°

Mandibular regional 3D superimposition using volu-
metric chin and symphysis areas with serial CBCTs
has been suggested to address the problem.?" How-
ever, challenges such as separating the arches,?? and
artifacts from metallic restorations or attachments,
may hinder tooth identification.?® Fusing the digital
cast to CBCT addresses this issue, providing reliable,
detailed tooth and arch surfaces.?*?® Stepwise man-
dibular regional superimposition with digital cast fusion
offers reliable reorientation and precise morphology of
the dentition, including gingival margins, without inter-
ferences of the maxillary dentition, and mandibular
positional or growth changes.
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Therefore, the current study aimed to assess 3D
mandibular tooth displacement, changes in arch
dimensions and gingival margins after mandibular
total arch distalization with interradicular TADs in
Class Il malocclusion by using a stepwise 3D mandib-
ular CBCT superimposition followed by digital cast
superimposition.

MATERIALS AND METHODS
Subjects

This study was approved by the institutional review
board of Gangnam Severance Hospital (IRB No.
3-2023-0479).

Consecutive patients: (1) diagnosed with skeletal
Class 11l malocclusion (ANB < 0) with full dentition
excluding third molars; (2) who underwent mandibular
total arch distalization with interradicular TADs along
with fixed appliances; and (3) with full records, includ-
ing pretreatment (TO) and post-treatment (T1) CBCTs,
treated at the Department of Orthodontics, Gangnam
Severance Hospital, were collected retrospectively.
Patients with: (1) extraction of teeth other than third
molars, (2) who underwent orthognathic surgery, (3)
with severe asymmetry (menton deviation > 4 mm),
and (4) poor CBCT or digital cast image quality were
excluded.

Based on a previous report on total distalization
using TADs,"" the sample size was estimated as 16 to
identify an effect size of 1.17 (o = 0.05, B = 0.01).
Considering dropouts, 19 subjects (22.53 = 7.8 years)
were included for the study (Table 1). After levelling
and alignment using Roth prescription self-ligating
brackets, buccal interradicular TADs were inserted
between the mandibular second premolar and first
molar, or the first and second molars, bilaterally. Elas-
tomeric chains were applied from the TADs to the
crimpable long-hooks on the anterior segment for dis-
talization. Cephalometric changes at TO and T1 indi-
cated mandibular total arch distalization (Table 2).

CBCT scans (Pax-zenith 3D; Vatech, Seoul, South
Korea) were obtained at 120 kV and 10 mA, voxel size
0.3 nm, and rotation time 24 s. The patients were
scanned in a natural head posture in maximum intercus-
pal position. TO scans were taken for orthodontic diag-
nostic purposes. Given that the subjects underwent
skeletal Class Il camouflage treatment, T1 scans were
taken for reasons including the evaluation of detailed 3D
orthodontic treatment outcomes, periodontal conditions,
assessment of airway, as well as TMJ position. Digital
casts were produced using a digital model scanner
(DOF Freedom HD; DOF, Seoul, Korea) or directly
scanned using an intraoral iTero 5D Element scanner
(Align Technology, Santa Clara, USA).
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3D CHANGES AFTER MANDIBULAR ARCH DISTALIZATION 3
Table 1. Subject Characteristics Table 2. Cephalometric Analysis®®
Host Characteristics N Pretreatment Posttreatment
Age (13-45 y) (T0) )
10s 9 Parameters Mean SD Mean SD  PValue
52;8 s *13 SNA (°) 81.82 358 8225 320 .13
20 S ] SNB (°) 8298 368 8266 3.47 20
Skel ? | maturity index (SMI ANB (°) -1.16 0.82 —0.40 148 01*
Qo nattyin ex (SMI) . Wits Appraisal (mm) —6.66 3.19  —4.80 241 <.001**
oMl 11 16 FMA (°) 23.60 4.91 2369 4.64 72
s SN -U1 (°) 113.07 8.09 11261 7.27 57
e;‘ 10 L1-Mp (°) 89.66 6.20 85.05 6.44 <.001**
M 9 Incisal Angle (°) 125.11 8.84 130.26 7.56 <.001**
Aroh Lenath D SN-MP (°) 3222 587 3200 5.88 40
“,i/” deggs Iscrepancy . SN-OP (°) 14.08 587  13.00 548  .02*
o d( » "lmzs > Overbite 042 124 164 1.05 <.001*
oderate (4-6 mm) Overijet 136 2.11 400 148 <.001**
Spacing (<0 mm) 3
Anterior crossbite 2 Paired t-test between TO and T1, *P < .05; **P < .001.
Yes 4 b SD, standard deviation.
Edge to edge 6
No 9
Posterior crossbite
Lis 12 (ROIs) were defined by positioning four points: the
Vertical Facial Pattern cusp tips of both canines and central fossae of either
Hypodivergent (FMA < 21°) 5 the first or the second molars (Figure 1C, red), aligning
Normodivergent (21° < FMA < 29°) 12 the digital casts to the 3D mandibular models.?®
Hyperdivergent (FMA > 29°) 2

Stepwise Registration and Superimposition of the
Mandible

Step 1. Registration and reorientation: Mandibular
regional superimposition. TO and T1 CBCTs were
superimposed using a voxel based regional mandibu-
lar superimposition method with ITK snap (Version
4.0.2; http://www.itksnap.org).?' Stable anatomical
references including the inner cortical surface of the
inferior border of the symphysis and the anterior sur-
face of the chin above pogonion were set. 3D masks
of the chin (Figure 1A, red) and symphysis (Figure 1a,
blue) were created from the TO CBCT. The T1 CBCT
was then imported and superimposed onto TO using
the previously created 3D surface masks, reorienting
the T1 to the TO CBCT (Figure 1a, box).

Step 2. Mandibular segmentation: 3D mandibular
Models. TO and reoriented T1 CBCT volumes were
segmented to generate 3D mandibular models
(Figure 1B, green and red) using 3D Slicer 5.4.0
(http://'www.slicer.org).

Step 3. Fusion of 3D mandibular models and digital
casts. The segmented mandibular models and the
corresponding digital casts were fused using Slicer
Craniomaxillofacial (CMF) registration, based on the
lterative Closest Point algorithm.?® Regions of interest

Step 4. Mandibular cast superimposition and land-
mark positioning. TO and T1 mandibular casts were
superimposed and registered, sharing the same orien-
tation. A representative landmark was placed on each
tooth: L1 and L2, midpoints of the incisal edge; L3,
canine cusp tip; L4 and L5, buccal cusp tip or highest
point of the premolars; and L6 and L7, mesiobuccal
cusp tip or highest point of the molars (Figure 1D).

3D Displacement of the Mandibular Teeth and
Changes in Arch Dimensions

Tooth displacement was assessed using the coordi-
nates of two designated landmarks on the T1 and TO
models (Ax, Ay, Az). Ax, Ay, and Az represented the
transverse (+lateral; - median), sagittal (+mesialized;
—distalized), and vertical (+extrusive; —intrusive)
changes, respectively. Intercanine, premolar, molar
widths were calculated as the direct distance between
the left and right landmarks. Changes in arch width
(T1-TO) were classified as decreased (<—1 mm),
maintained (-1 mm to + 1 mm), or increased
(>1 mm).

Changes in the Occlusal Plane

The occlusal plane was defined as a plane passing
through the left and right mesial buccal cusp tips of the
lower first molars and the midpoint of the lower central
incisor landmarks. Changes were measured as the
angle between the TO (Figure 2, green line) and T1
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A. Step 1 B. Step 2
Registration of T1 to TO Segmentation
Mn.Regional superimposition 3D Mandible model

Red: Chin
Blue: symphysis
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C. Step 3 D. Step 4
Fusion Superimposition
Mandible (CBCT)+cast

Landmark positioning

Figure 1. Schematic illustration of the stepwise 3D registration and superimposition of serial CBCTs and digital casts. CBCT, cone beam com-
puted tomography. (A) Mandibular regional superimposition. Anterior surface of the chin above pogonion (red) and the inner cortical surface
of the inferior border of the symphysis (blue) were used as references. (B) Segmentation of the mandible to generate the 3D mandibular mod-
els. (C) Fusion of the corresponding digital casts to CBCTs using both the canine and first molar surfaces (red). (D) Superimposed and reori-

ented digital mandibular casts on TO CBCT images.

(Figure 2, red line) planes, and classified as clockwise
rotation, counterclockwise rotation, intrusion and
extrusion, or left and right rotation (Figure 2).

Changes in Clinical Crown Height and Gingival
Recession

Changes in the marginal gingiva were indirectly
assessed via changes in clinical crown height
(ACCH).2”?® CCH was measured as the distance
from the mid-developmental ridge or the mesiobuccal
cusp tip to the buccal surface of the crown and gingi-
val contact point along the crown axis. ACCH was cal-
culated as the absolute difference between T1 and TO
CCH, with + indicating gingival gain and — indicating
recession. ACCH was subclassified into gingival gain
(>0.5 mm), maintained (—0.5 mm to + 0.5 mm), mild

1 1 ) L 1
Clockwise Rotation Counterclockwise
Rotation
L 1 % 2 4 ]
— —_—
Extrusion Intrusion

Figure 2. Schematic illustration of occlusal plane changes after
total arch distalization. The occlusal plane (TO in green and T1 in
red) was defined as the plane passing through the mesial buccal
cusp tips of the first molars and the midpoint of the lower central
incisor landmarks. Blue arrow: direction of tooth movement; purple
arrow: change in the occlusal plane.

Angle Orthodontist, Vol 00, No 00, 2025

recession (>—2to < —0.5 mm), and moderate reces-
sion (<—2 mm).%®

Statistical Analysis

Sample size was calculated with G*Power (Heinrich
Heine Universitat, Disseldorf, Germany). Measure-
ment reliability was performed by two examiners (YI,
SD) independently, with 10 randomly selected sam-
ples reassessed at a 2-week interval. Intra-examiner
correlation coefficients ranged from r = 0.90-0.99 and
interexaminer correlation coefficients ranged from
0.70 to 0.98. Shapiro—Wilk tests confirmed the normal
distribution of variables. Paired t-tests (IBM SPSS Sta-
tistics v. 21.0, Chicago, USA) were used to compare
TO and T1 measurements, with a significance level set
atP < .05.

RESULTS

3D Changes in the Mandibular Arch After Total
Arch Distalization

The most prominent changes occurred in the sagit-
tal plane (Ay), with significant distalization of 1.74-
2.50 mm (P < .001). The first and second premolars
and second molars showed significant lateral trans-
verse (Ax) movement (P < .05). All teeth except the
second molars exhibited significant extrusive vertical
(Az) movement (P < .001) (Table 3).

Changes in Arch Width After Total Arch
Distalization

Interpremolar widths increased significantly (P <
.05) (Table 4). Subclassification revealed inter-first
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3D CHANGES AFTER MANDIBULAR ARCH DISTALIZATION 5
Table 3. 3D Displacement of the Mandibular Teeth After Total Arch Distalization®
Transverse Sagittal Vertical

Mandibular Tooth w (Ay, mm) ﬂ

(N =38) Mean SD P Value Mean SD P Value Mean SD P Value
Central Incisor 0.05 0.87 .72 -2.12 1.93 <.001** 0.94 1.19 <.001**
Lateral Incisor 0.18 1.25 .38 -1.74 2.20 <.001** 0.55 0.98 <.001**
Canine —0.06 1.45 .79 -2.14 1.49 <.001** 0.52 0.86 <.001**
First Premolar 0.72 1.59 .01* -1.83 1.58 <.001** 0.94 0.80 <.001**
Second Premolar 0.84 1.53 <.001** —-1.91 1.86 <.001** 1.11 0.84 <.001**
First molar 0.03 1.15 .79 -2.17 1.46 <.001** 0.81 0.82 <.001**
Second Molar 0.44 1.29 .04* —2.50 1.66 <.001** 0.02 0.98 .87

@ Transverse Ax (+: lateral, —: medial); Sagittal Ay (+: mesialized, —: distalized); Vertical Az (+: extrusive, -: intrusive)

® Paired t-test between TO and T1, *P < .05; ** P < .001.
¢ 8D indicates standard deviation.

and second premolar widths increased by 52.6 (10/
19) to 57.9% (11/19) of the subjects, exceeding the
5.3 (1/19) to 15.8% (3/19) of subjects with decreased
width. Intercanine, first and second molar widths were
primarily maintained in 68.4% (13/19) and 42.1% (8/
19), of subjects, respectively.

Change in the Occlusal Plane After Total Arch
Distalization

Extrusion of the occlusal plane was most frequently
noted, in 42.1% of the subjects (8/19), followed by
clockwise rotation in 21.1% (4/19) (Table 5).

Changes In CCH and Gingival Recession After
Total Arch Distalization

ACCH were limited to —.23 to 0.16 mm. CCH signifi-
cantly increased in the first and second premolars,
suggesting gingival recession, while it significantly
decreased in the first molar, indicating gingival gain
(P < .05) (Table 6).

Overall, CCH was maintained in 72.5% (193/266) of
the teeth evaluated. Mild to moderate recession was
most prominently detected in the first (8/38) and sec-
ond premolars (9/38). Gingival gain was noted in the
central incisors (9/38) and the first (9/38) and second
molars (8/28).

DISCUSSION

Stepwise superimposition revealed detailed treat-
ment outcomes of mandibular total arch distalization
in skeletal Class Ill malocclusion. Along with distal
movement of the whole dentition, extrusion, occlusal
plane changes, and increase in interpremolar widths
highlighted complex 3D changes following treatment.
Gingival margins were generally maintained, though
mild-to-moderate recession was observed in around
20% of the premolars.

Voxel-based regional mandibular superimposition
using serial CBCTs differentiated changes in the man-
dibular dentition by eliminating confounding factors
affecting mandibular position, such as maxillary dental
interferences, mandibular growth dynamics, rotational
effects induced by tooth movement, and the potential
occurrence of temporomandibular joint (TMJ) dis-
placement or condylar resorption.’®2° The stepwise
registration of digital casts also compensated for the
absence of reliable intraoral landmarks, enabling pre-
cise visualization of tooth surfaces and gingival
margins.'”242°

Based on the results, the second molar showed the
largest amount of distalization, while vertical and lat-
eral displacements were most prominent in first and
second premolars. Excessive buccal expansion or tip-
ping may lead to gingival recession®®*° and extrusion
may increase CCH.3' The combined movement of the

Table 4. Changes in Arch Width After Mandibular Total Arch Distalization®®

TO (mm) T1 (mm) T1-TO (mm)

Arch Width Mean SD Mean SD Mean SD P Value
Intercanine 27.69 1.81 27.54 1.22 —-0.14 1.99 .76
Interfirst premolar 35.68 2.45 37.13 1.44 1.45 2.66 .03*
Intersecond premolar 41.76 2.60 43.42 1.70 1.66 2.15 <.001**
Interfirst molar 47.73 2.61 47.78 2.42 0.05 1.77 .90
Intersecond molar 53.80 3.46 54.67 2.71 0.87 1.97 .07

@ Paired t-test between TOand T1, *P < .05; ** P < .001.

® SD indicates standard deviation.
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Table 5. Changes in the Occlusal Plane After Mandibular Total
Arch Distalization®

Changes in N, Degree of Change

Occlusal Plane Incidence (%) Mean = SD (°)
Clockwise rotation 4(21.1) —-3.62 £ 1.16
Counterclockwise rotation 3(15.8) 251 +£1.6
Extrusion 8 (42.1) —-1.08 = 1.07
Intrusion 2(10.5) 1.42 = 0.87
Left-right rotation 2(10.5) 0.69 + 0.44
Total 19 (100)

2 SD indicates standard deviation.

first and second premolars likely contributed to the
increase in CCH and greater incidence of gingival
recession compared to other teeth.?” Overall, the
average CCH changes were limited to 0.23 mm, con-
sistent with a previous study.27 Nevertheless, the
results should be interpreted cautiously, as patients
were relatively young and healthy with no history of
periodontal issues. Gingival recession is multifactorial
and influenced by host factors such as age, biotype,
and oral hygiene, in addition to treatment effects.®?
Thus, high-risk groups and long-term prognosis
should be carefully monitored. Interestingly, CCH
decreased in the first molars, and gingival gain was
noted to some degree among the central incisors and
the molars. This indicated the versatile response of
the periodontal soft tissue after orthodontic tooth
movement. The improvement of incisal position as
well as buccal overjet may have resulted in the mor-
phologic gain of the gingival level relative to the tooth
crown.

Arch width increases were similar to previous
reports,'®"" with significant lateral displacement noted
in the premolars and the second molar. Biomechani-
cally, buccal tipping is well-accepted and expected
when using buccal mechanics with buccal interradicu-
lar TADs.'"®3 The lack of buccal displacement of the
first molar may reflect a focus on skeletal Class Il
treatment, often involving initial buccal crossbites and
the continuous management of arch coordination to

SRENG, LEE, NGUYEN, LEE, KIM, CHUNG

not increase buccal overjet specifically.®*° However,
given that the results were based on the displacement
pattern of crown landmarks, the increase or decrease
of arch width may not represent pure changes at the
root level. Further evaluation of the root displacement
pattern would provide a more comprehensive under-
standing of the arch dimensions.

Vertically, occlusal plane changes were mainly
observed as overall extrusion of the incisors and
molars or clockwise rotation. These results were
rather contradictory to previous findings indicating
molar intrusion resulting in 1.3°-3.2° counterclockwise
rotation after mandibular distalization.?'2-%¢ This varia-
tion may be attributed to differences in 2-dimensional
(2D) cephalometric, vs 3D imaging, methods, and
evaluation techniques. Notably, this study was
designed to eliminate the interference of mandibular
rotation that may influence the interpretation of pure
changes in the vertical dimension.

Due to its retrospective design and difficulties in
acquiring interim CBCTs, assessments were based on
pre-existing before-and-after records that represent
the overall outcome of comprehensive orthodontic
treatment encompassing all stages of tooth movement
not solely limited to mandibular total arch distalization.
For example, initial leveling of the Curve of Spee may
have resulted in extrusion of the premolars while
uprighting posterior teeth that were inclined lingually,
may have affected interpremolar width, consequently
changing the CCH and gingival margins. To overcome
some of the limitations, efforts were made to ensure
homogeneity by selecting skeletal Class Il adults with
a primary treatment objective focused on mandibular
total arch distalization after a standardized protocol
using interradicular TADs in the mandibular molar
region.

Clinically, total arch distalization may inadvertently
induce mandibular arch expansion, resulting in buccal
crossbite given that patient with skeletal class 11l maloc-
clusion are prone to have preexisting transverse dis-
crepancies. Thorough pretreatment evaluation focusing
on transverse dimensions as well as incorporating

Table 6. Changes in Clinical Crown Height After Mandibular Total Arch Distalization®?

Clinical Crown TO (mm) T1 (mm) T1-TO (mm)

Height (CCH) Mean SD Mean SD Mean SD P Value
Central Incisor 8.31 0.76 8.22 0.93 0.08 0.49 .29
Lateral Incisor 8.47 0.74 8.43 0.87 0.02 0.42 .59
Canine 10.10 1.01 10.05 0.91 -0.05 0.35 41
First Premolar 8.56 0.81 8.71 0.87 -0.15 0.40 .02*
Second Premolar 7.34 0.72 7.57 0.76 -0.23 0.58 .02*
First molar 6.94 0.62 6.78 0.82 0.16 0.44 .03*
Second Molar 6.31 0.80 6.19 0.74 0.12 0.71 .32

2 Paired t-test between TO and T1, *P < .05.
b SD indicates standard deviation.

Angle Orthodontist, Vol 00, No 00, 2025

$S900E 981) BIA |0-80-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



3D CHANGES AFTER MANDIBULAR ARCH DISTALIZATION

biomechanical compensatory strategies, such as opti-
mization of force vectors, application of maxillary
expansion or cross elastics and modifications in the
archwire with toe-in bends or lingual torque, etc., can
be strategically applied to mitigate the adverse effects.
Because changes in the vertical dimension and occlu-
sal plane can cause changes in the soft tissue profile,
close monitoring of the overall dentofacial changes is
also recommended.

Despite the retrospective nature of the study, step-
wise registration using 3D digital imaging has contrib-
uted to the understanding of 3D individual tooth
movement after total arch distalization in skeletal
Class Il malocclusion.

CONCLUSIONS

» Stepwise digital superimposition enabled visualiza-
tion of 3D treatment outcomes after mandibular total
arch distalization using interradicular TADs in skele-
tal Class Il malocclusion.

» Together with distalization, extrusion and an
increase of interpremolar width were noted.

+ Although changes in the gingival margins were lim-
ited, a few instances of mild-to-moderate recession
were noted in the first and second premolars.
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