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Abstract

with unilateral posterior crossbite (UPCB).

beam computed tomography scans.

lingually inclined.

Background: To study the dentoskeletal characteristics and the degree of compensations in skeletal Class | adults

Methods: A sample of 40 adults was chosen for this cross-sectional study. 20 skeletal Class | adults with UPCB
(mean age: 22.20 & 2.88 years), were compared to 20 skeletal Class I adults with normal occlusion (mean age:
27.5645.76 years). The respective dentoskeletal measurements were made on cross-sectional images from cone-

Results: Skeletally, both groups showed significant differences (P < 0.05) in mandibular corpus length and menton
deviation with the UPCB group showing the greatest displacement. Maxillomandibular vertical asymmetry and con-
dylar positional asymmetry were not significant in both groups (P> 0.05). For dental variables on the second premolar
and first molar, the UPCB group showed greater linear and angular differences when compared to the control group
(P<0.05). On the crossbite side, maxillary posterior teeth were more buccally inclined, and mandibular posterior teeth
were more lingually inclined. However, on the non-crossbite side, both maxillary and mandibular posterior teeth were

Conclusion: Adults with UPCB showed distinct transverse dentoskeletal asymmetry. No asymmetry was found in the
condylar position and the mandibular height in UPCB adults.

Keywords: Dentoskeletal characteristics, Facial asymmetry, Transverse discrepancy, Unilateral posterior crossbite

Background

Posterior crossbite has been defined as a transverse arch
discrepancy in which the palatal cusps of one or more
upper posterior teeth do not occlude in the central fos-
sae of the opposing lower teeth [1]. The prevalence of
posterior crossbite reported ranges from 7.7 to 22% in
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adolescents, with a predominance of unilateral posterior
crossbite (UPCB) [2, 3]. Among adults, the incidence of
UPCB is even higher, which is between 10 and 30% [4].
Untreated UPCB might be an etiologic factor of pro-
gressive anatomical skeletal asymmetry [2, 5, 6]. Approxi-
mately 79-90% of children with UPCB presented with
a mandibular functional shift [2, 3], but this is hardly
detected in UPCB adults. Some studies [7, 8] demon-
strated that this phenomenon can be explained by the
progressive asymmetric adaptation that gradually leads
to permanent structural asymmetry. Compared with
early correction, treatment of UPCB in adults is relatively
more complex since the expansion of the dental arch is
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limited, and the underlying skeletal asymmetries might
be neglected. It must be decided whether the posterior
crossbite is a true skeletal asymmetry or only involves
dentoalveolar structures before determining a treatment
plan.

However, the extent to which UPCB influences den-
toalveolar and skeletal structures and their relationships
remain controversial due to study design variations, sam-
ple grouping, and radiographic assessment methods [7,
9-12]. Previous studies that involved UPCB adults have
mainly focused on the transverse dentoskeletal asym-
metries and restricted to Caucasians demographically [7,
9]. Nevertheless, the transverse dentoskeletal morphol-
ogy was reported to be affected by both sagittal and ver-
tical skeletal discrepancies as well [13, 14]. Furthermore,
most of the assessments were computed on two-dimen-
sional (2D) radiographs with inherent limitations such as
unwanted magnification and superimposition. Compared
with 2D radiographs, cone-beam computed tomography
(CBCT) could provide three-dimensional (3D) assess-
ments and substantially reduce the distortion of the
images [15, 16].

Although the assessment of mandibular and den-
tal arch asymmetry in UPCB patients has been of great
interest in previous literature [7, 9, 11, 12], few studies
[7] have systematically studied both dentoalveolar and
skeletal adaption patterns in UPCB adults. Therefore, the
present study aims to study the dentoskeletal character-
istics and the degree of compensation in skeletal Class
I adults with UPCB when compared to the adults with
skeletal Class I, normal occlusion using CBCT. The tested
null hypothesis is that skeletal Class I UPCB adults do

Table 1 Inclusion criteria for sample selection

Control group UPCB group

Skeletal Class | (0°<ANB<4°) [17]
malocclusion with UPCB involving
at least two posterior teeth, Edge-
to-edge tooth was excluded

Dental and skeletal Class |
(0° < ANB < 4°) [17] relationship
without UPCB

Average growth pattern
(20°<FMA <30°) [18]

All teeth present except the third
molars

Average growth pattern
(20°<FMA <30°) [18]

All teeth present except the third
molars

No or mild crowding (<4 mm) No or mild crowding (<4 mm)

Condyle and glenoid fossa with
continuous cortical bone

Condyle and glenoid fossa with
continuous cortical bone

No previous orthodontic treatment No previous orthodontic treatment
or craniofacial surgery or craniofacial surgery

No crown or cuspal restorations,
and no or mild tooth abrasion

No crown or cuspal restorations,
and no or mild tooth abrasion

Absence of congenital malforma-
tions and craniofacial anomalies

Absence of congenital malforma-
tions and craniofacial anomalies

ANB Angle formed by A-point-nasion-B-point; FMA the angle between FH plane
and mandibular plane; UPCB unilateral posterior crossbite
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not exhibit a significantly greater degree of maxilloman-
dibular skeletal asymmetry between the crossbite and
non-crossbite side compared to adults with skeletal Class
I normal occlusion.

Methods
The sample of this study consists of 40 adults, referrals
from the West China School of Stomatology, Sichuan
University, Chengdu, China. The study was approved by
the Institutional Review Board of West China School of
Stomatology (approval number WCHSIRB-D-2018-131).
20 normal occlusion skeletal Class I adults (7 males, 13
females; 27.56 £ 5.76 years old) were selected for the con-
trol group, and the UPCB group comprised 20 skeletal
Class I adults (8 males, 12 females; 22.20 £ 2.88 years old)
with UPCB, the enrollment criteria are shown in Table 1.
All subjects had CBCT scans (Philips MX 16-slice)
taken in maximum intercuspation, which were obtained
at 90 kV and 40 mA with a slice thickness of 0.49 mm.
Digital Imaging and Communications in Medicine
(DICOM) files obtained from the CBCT scans were
reconstructed using Dolphin 3D (Dolphin Imag-
ing, version 11.7, Chatsworth, CA91311, USA) soft-
ware. Reorientation of each scan was performed using
the standardized 3D reference planes. The landmarks,
measurements, and reference planes selected for this
investigation were shown in Figs. 1, 2, and 3. The follow-
ing reference planes were used to ensure the consistent
orientation of the 2D cross-sectional slices: (1) Frank-
fort horizontal (FH) plane: plane passing through right
porion, left porion, and midpoint of left and right orbit-
ale, (2) midsagittal plane (MSP): plane perpendicular to
FH plane, passing through the neck of the crista galli and
Opisthion, (3) coronal plane: plane perpendicular to FH
plane and MSP, passing through Op.

Skeletal analysis
On the coronal view, the jugal process (J) and ante-
gonial (Ag) widths on each side were assessed rela-
tive to MSP. The sum of both sides represented the
total width of the maxilla (J-J) and mandible (Ag—Ag)
respectively. The maxillomandibular width difference
was calculated by subtracting the total maxillary width
with the total mandibular width [(J-]) — (Ag—-Ag)]
(Fig. 1A). Menton (Me) deviation was measured rela-
tive to MSP to indicate mandibular displacement. The
corpus length of the mandible was measured for both
sides from the most posterior point of the gonial angle,
gonion posterius (Gopost) to the menton (Me) on the
axial view (Fig. 1B).

Maxillary vertical assessments were investigated by
measuring the distance from the jugal process to the FH
plane (J-FH) (Fig. 1A). The vertical assessments of the
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Fig. 1 Landmarks and measurements in three-dimensional skeletal analysis. A Coronal view; B axial view; C sagittal view

Fig. 2 Positional assessments of the condylar. A Measurements of
the anteroposterior relationship and lateromedial displacement

of the condylar. GC, the geometric center of the condyle; a, the
anteroposterior distance difference between GC of the right and left
condyle to the MSP; b, the long axis of the condylar process; ¢, the
distance between CG of the right and left condyle to the MSP; 6, the
angle between the long axis of the condylar process and the MSP.

B Measurements of the vertical relationship of the condylar. d, the
vertical distance difference between GC of the right and left condyle

to the MSP

mandible were made according to Habets’ technique [19]
and made separately for both sides on the sagittal view
of the CBCT image. The most posterior points on the
condyle and ramus were marked as A; and A,, respec-
tively. A line that passed through points A; and A, were
termed the A-line. A second line drawn from the most

superior point of the condylar (C,) and perpendicular to
the A-line, was termed the B-line. The intersection of the
A- and B-line was called point Z. The distances between
points A; and Z were measured as condylar height
(CH). Similarly, the distances between points A; and A,
were measured as ramus height (RH), and the distances
between points Z and A, were measured as condylar
plus ramus heights (CH + RH) (Fig. 1C). The asymmetry
index [19] of condylar height (CAI), ramal height (RAI),
and condylar plus ramal height (CRAI) were calculated
based on the following formula:

Asymmetry index: [ (Right — Left)/(Right + Left)] x 100%

Condylar analysis

The geometric center (GC) of the condyles was first iden-
tified on the axial view. Then, the anteroposterior [20]
(Fig. 2A) and vertical [21] (Fig. 2B) relationship of the
condylar was measured by calculating the distance differ-
ence between the GC of the right and left condyle to the
MSP. The right or the crossbite side of the condyle was
considered as 0 point [20]. A positive value indicates that
the left or the non-crossbite side of the condyle was posi-
tioned anterior or higher to the 0 point, and a negative
value indicates a posterior or lower position. The trans-
verse position of the condylar was measured by calcu-
lating the distance between the GC of the condylar and
MSP. The lateromedial displacement of the condyle was
assessed by measuring the angle between the long axis of
the condylar process and the MSP (Fig. 2A).

Dentoalveolar analysis

Dentoalveolar measurements were made on the second
premolar (Fig. 3) and first molar (Fig. 4) of both arches.
The midalveolar widths of the maxilla and mandible were
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Fig. 3 Dentoalveolar measurements of second premolars on coronal view. A, D a, the transverse width of the second premolar, distance from
buccal cusp to the MSP; b, bucco alveolar crest width; ¢, bucco midalveolar widths; B, E d, palatal alveolar crest width; e, palatal midalveolar widths;
C, F 6, the inclination of the second premolar

determined at 7 mm apical to the alveolar crest [14]. The
inclination of the second premolar and the first molar
was determined as the angle between the long axis of the
tooth and the vertical reference line. For single-rooted
molar and premolar, the long axis was defined as the line
connecting the groove between the buccal and palatal
cusps and the root apex. For multi-rooted molar and pre-
molar, the long axis was defined as the line connecting
the groove between the buccal and palatal cusps and the
furcation of the roots.

The difference between bilateral structures was calcu-
lated by right or crossbite side minus left or non-cross-
bite side. For all linear measurements, a positive value
indicates the right or crossbite side is larger than the left
or non-crossbite side, and the opposite for the negative
value. The maxillomandibular width difference was cal-
culated by subtracting the total maxillary width from the
total mandibular width. For menton deviations, a posi-
tive value indicates the mandible was displaced toward
the right or the crossbite side, and a negative value indi-
cates the mandible was displaced toward the left or the

non-crossbite side. For tooth inclinations, a positive value
indicates a buccoversion of the crown and a negative
value indicates a linguoversion of the crown in relation
to root apex (single root) or root furcation (multirooted
tooth).

Statistical analysis
A priori sample size calculation was performed with
PASS Sample Size Software V.15 (NCSS LLC., 121 Kay-
sville, Utah, USA). Mean and standard deviation of man-
dibular body length on the crossbite side in UPCB adults
(81.46+4.95) and the right side on the normal occlusion
adults (72.12+11.83) reported by Veli et al. [22] was
taken as the reference value. The power was set at 80%,
and a statistical significance of 0.05 and an effect size of
0.5 was considered. As a result, the sample size calculated
was 16 per group, and 20 samples were selected for each
group.

To prevent inter-observer error, all the procedures
were performed by one author. All measurements were
repeated for 10 randomly selected CBCTs after at least a
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Fig. 4 Dentoalveolar measurements of first molars on coronal view. A, D 3, the transverse width of the first molar, distance from mesiobuccal cusp
to the MSP; b, bucco alveolar crest width; ¢, bucco midalveolar widths; B, E d, palatal alveolar crest width; e, palatal midalveolar widths; C, F 6, the
inclination of the first molar

one-week interval to determine the measurement error.
A paired t-test and Bland & Altman plot were applied to
access the reproducibility of the measurements, and no
significant differences were found between the first and
second measurements. The error of the method was cal-
culated with the intraclass correlation coefficient (ICC).

The data were determined to have a normal distribu-
tion when assessed with the Shapiro-Wilks test. Mean
and standard deviation values were calculated for all
normalized measurements in each of the correspond-
ing groups. The paired ¢-test was used for the intragroup
comparison whereas the intergroup comparison was ana-
lyzed using an independent ¢-test.

Results

The reliability of all measurements was 0.923-0.989
based on the ICC test. The patients’ characteristics and
demographics were summarized in Table 2. There was
no gender difference between groups. Therefore, the data
were pooled from male and female groups for analysis.
No side-specific prevalence difference was observed in

the UPCB group, thus the measurements from the left
and right sides of UPCB group were combined and evalu-
ated as crossbite and non-crossbite sides.

The Control group showed significant side differences
in mandibular corpus length (P=0.002) and angle of
the condylar process (P=0.044). In the UPCB group,
RH (P=0.004), CH + RH (P=0.003), and mandibular
corpus length (P=0.000) were significantly greater on
the non-crossbite side. Antegonial widths were found to
be significantly higher on the crossbite side (?=0.000,
Table 3). Both groups showed transverse dental asym-
metries in linear and angular measurements, and
the difference in UPCB group was more significant
(P<0.05, Table 4). In UPCB group, the maxillary poste-
rior teeth were more buccally inclined, and mandibular
posterior teeth were lingually inclined on the crossbite
side. Mandibular posterior teeth were more upright on
the non-crossbite side (Table 4).

Maxillomandibular skeletal vertical asymmetry and
condylar asymmetry were not statistically significant
between groups (P>0.05). Although the UPCB group
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Table 2 Summary of patient characteristics and demographics

Variables Control group (n=20) UPCB group (n=20) P value
Gender?

M, n (%) 7 (35) 8 (40) 0.935

F n (%) 13 (65) 12 (60)

Age (y) (mean £ SD)® 2756+576 22.20+2.88 0.000*
ANB (°) (mean =+ SD)b 2484+1.07 1.80+1.14 0.094
FMA (°) (mean =+ SD)° 25024315 26.15+3.53 0.153

UPCB unilateral posterior crossbite; M male; F female; n number; SD standard deviation; ANB Angle formed by A-point-nasion-B-point; FMA the angle between FH
plane and mandibular plane

2 Chi-square test
® Independent t-test
Statistically significant when *(P < 0.05)

Table 3 Statistical Side Comparisons of Skeletal Variables in the Control Group and UPCB Group

Control group UPCB Group

Rightside Leftside Crossbite side Non-crossbite side
Mean £SD Mean +SD tvalue Pvalue Mean =+ SD Mean + SD tvalue Pvalue

Morphological measurements of maxilla and mandible
Vertical

Maxillary height (mm) 29.26+£281 29234288 —0343 0735 30.23+£268 30.72+3.08 —1.946 0.067

CH (mm) 747170 722+1.84 0416 0.682 7.28+2.14 801+1.64 —1.102 0.284
RH (mm) 42184358 41.774+433 0474 0.641 41324463 45.504+3.30 —3.247 0.004*

CH+RH (mm) 49.64+332 4899+4.26 0933 0363 48604572 53.5043.09 —3.337 0.003*
Sagittal

Mandibular corpus length (mm) 82.24+425 8067+431 3.633  0.002* 78344508 81.99+539 —6.731  0.000*
Transverse

Jugal process width (mm) 32994195 32664198 0948 0355 3218+235 31.87+2.09 1.021 0320

Antegonial width (mm) 43314267 4364£350 —0378 0.710 46.6042.29 40.05+3.27 7.755  0.000*
Positional measurements of condylar

Anteroposterior difference of condylar  0+0 0.224+2.09 0470 0.644 0+0 0.96+3.45 — 1241 0230

process (mm)

Vertical difference of condylar process 00 035+121 =130 0.209 0+0 0.17+£2.18 —340 0737

(mm)

Transverse position of condylar process  53.22 53.09 — 0429 0673 5212+£276 51.98+278 0271 0.789

(mm)

Angle of condylar process (°) 7469+663 72474523 2159 0.044* 73994838 76.08+6.50 — 0991 0334

UPCB unilateral crossbite; SD standard deviation; CH condylar height; RH ramal height; CH+ RH condylar-plus-ramal height
Statistically significant when *(P < 0.05)

showed a significantly larger antegonial width differ-
ence (P<0.05), no significant difference was seen in the
interantegonial width and maxillomandibular width dif-
ference (P>0.05) when compared to the control group.
The differences in mandibular corpus length and menton
displacement were significantly greater in UPCB group
than in control group (P<0.05, Table 5). The difference
in mandibular dentoalveolar width measurements was

significantly greater in UPCB group compared to control
group (P<0.05). However, in the maxilla, significant dif-
ferences were only observed in the maxillary premolar
width, maxillary molar width, and maxillary molar pala-
tal alveolar crest width in comparison to control group.
The changes in the buccolingual inclination of poste-
rior teeth in both arches were greater in UPCB group
(P<0.05, Table 6).
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Table 4 Statistical side comparisons of dentoalveolar variables in the control group and UPCB group
Control group UPCB group
Right side Left side Crossbite side Non-crossbite side
Mean£SD  Mean +SD tvalue Pvalue Mean =+ SD Mean + SD tvalue Pvalue
Linear measurements
Maxillary transverse width—premolar
Premolar (mm) 2428+216 2531152 —1.808 0.086 26.19+262 23.98+1.69 3909 0.001*
Buccal alveolar crest (mm) 26.11£1.92 2635+£1.83 —0457 0645 26.56+1.66 25434134 2729 0.013*
Buccal midalveolar (mm) 2695£205 2699+£159 —0.076 0.940 27.32£1.70 27144188 0505 0.620
Palatal alveolar crest (mm) 17204£2.11 1747£182 — 0520 0.609 18.10£2.09 1693+ 141 2443 0.024*
Palatal midalveolar (mm) 13.67£1.63 14294+162 —1223 0236 13.64+1.64 14.38£2.06 —1.725 0.101
Maxillary transverse width—molar
Molar (mm) 27.58£2.03 2837+£163 —1.784 0.090 29.59+£2.52 2644+£1.34 4955  0.000*
Buccal alveolar crest (mm) 29.05£2.00 2959+163 —1317 0.204 29324321 28.5641.60 0966 0.346
Buccal midalveolar (mm) 3202+£188  32294+193 —0689 0499 31474338 31.58+1.77 —0.155 0878
Palatal alveolar crest (mm) 17.61£1.79 1831£132 — 1810 0.086 18.6242.28 1707£1.23 2605 0.017*
Palatal midalveolar (mm) 15114151 15494+139 —0882 0389 15.77 +£2.03 15.114+1.75 1295 0211
Mandibular transverse width—pre-
molar
Premolar (mm) 2018+£234  2145+£140 —2302 0.033* 2577+3.12 18.00£1.05 9.764  0.000*
Buccal alveolar crest (mm) 23.80£2.11 2457+£161 —1340 0.9 28.47+£2.08 20.26+1.66 13279  0.000*
Buccal midalveolar (mm) 24974226  2625+189 —1.859 0079 29.05+2.77 20.73+£1.72 10.687 0.000*
Lingual alveolar crest (mm) 15984237 1704+£137 —1677 0.110 21.03£2.86 13524277 6.731  0.000*
Lingual midalveolar (mm) 11.14£3.18 12314£183 — 1450 0.163 18.63+272 9.18+5.39 9.343  0.000%
Mandibular transverse width—molar
Premolar (mm) 24094198 2551+£130 —3.380 0.003* 29.07£2.05 22.65+£1.65 12467 0.000*
Buccal alveolar crest (mm) 2801194 2918+ 151 — 2437 0.025* 32.70+2.06 249814152 13440 0.000*
Buccal midalveolar (mm) 30.65+£224 3224+167 —2586 0018* 3489+£2.22 2645+ 1.66 11.895  0.000%
Lingual alveolar crest (mm) 18304217 1955£143 —2446 0.024* 23.71£1.81 15314£137 16.887  0.000*
Lingual midalveolar (mm) 15994236 1700+£168 —1.717 0.102 21994265 1223+184 15682  0.000*
Angular measurements
Inclinations if maxillary teeth
Premolar (°) 0674522 1524329 —0.740 0468 390+682 —143+436 3.198 0.005%
Molar (°) 3.90£5.04 763£361 —3409 0.003* 9.25+838 0.14£3.90 4104 0.001*
Inclinations if mandibular teeth
Premolar (°) —908+522 —1064+403 1.198 0.246 —13914+535 —385+475 — 6519 0.000*
Molar (°) —15474+355 —1595+4.11 0323 0.751 —1745+6.20 —9.274£5.09 —4.542  0.000*

SD standard deviation; UPCB unilateral posterior crossbite

Statistically significant when *(P < 0.05)

Discussion

We measured the skeletal and dentoalveolar variables
of subjects with normal occlusion and growth to estab-
lish baselines so that the amount of modification in
skeletal Class I UPCB adults can be compared. Young
adults aged between 18 and 40 were included in the pre-
sent study to avoid the influence of potential growth.
To exclude UPCB resulting from unilateral condylar
hyperplasia, only skeletal Class I adults with continuous

condylar cortical bone were included in the present
study [23]. We do not specifically include the examina-
tion of functional shift into the sample selection criteria
because, (1) as mentioned earlier, the functional shift is
hardly detected in adults with UPCB due to progressive
musculoskeletal adaptation; (2) we were not able to carry
out physical examinations on each adult patient because
the CBCT scans obtained were not limited to orthodon-
tic patients only.



Wu et al. BMC Oral Health (2022) 22:595 Page 8 of 11
Table 5 Inter-group comparisons of skeletal variables between the control group and UPCB group
Control group UPCB group
Mean +SD 95% Cl Mean +SD 95% Cl tvalue P
value
Morphological measurements of the maxilla and mandible
Vertical
Maxillary height difference (mm) 0.34£044 —0.17,0.24 — 0494113 —1.02,0.03 1.94  0.064
CAl (%) 14414£1008 9.69,619.13 179+£1149 1253,23.29 —1.023 0313
RAI (%) 3534+303 209,493 620+£585 346,894 —1.822 0079
CRAI (%) 259+1.99 1.65,3.52 792+11.75 243,1343 —200 0059
Sagittal
Mandibular corpus length difference (mm) 1584+194 067,248 —365+242 — 479, —252 753 0.000*
Transverse
Jugal process width difference (mm) 0.9343.01 — 048,234 01841.12 —0.35,0.70 0426 0672
Antegonial width difference (mm) —033£391 — 216,150 6.54+3.77 478,831 —5.659 0.000*
Interjugular width (mm) 6565+361  63.96,67.33 6514+£396  65.14,66.99 1.051 0304
Interantegonial width (mm) 86.66+490  84.68,89.22 86.65+4.21 84.68,88.61 0212 0.833
Maxillomandibular width difference (mm) — 21314385 — 2311, —22604+3.89 — 2241, 1.058 0.297
—19.50 —20.78
Menton deviation (mm) —049+£254 —1.67,070 3.18+5.01 0.83,553 — 2922 0.006*
Positional measurements of the condylar
Difference of condylar process anteroposterior posi- 0224209 —0.76,1.20 0.96 +3.46 — 0.66, 2.58 — 0819 0418
tion (mm)
Difference of condylar process vertical position (mm) 0444125 —0.14,1.02 0174217 —0.85,1.18 0491 0626
Difference of condylar process transverse position 0.13+£135 —050,0.76 0.13+£220 —0.90, 1.16 —0.006 0.995
(mm)
Difference of condylar process angle (°) 222+£459 007,436 —209+943  —6.50,232 1.836 0.077

UPCB unilateral posterior crossbite; SD standard deviation; Cl confidence interval; CAl condylar asymmetry index; RAl ramal asymmetry index; CRA/ condylar-plus-

ramal asymmetry index
Statistically significant when *(P < 0.05)

It had been reported that facial asymmetry is a natu-
rally occurring phenomenon [24]. The present results
showed minor asymmetries in the control group,
dentoskeletal asymmetries with linear changes were
observed at most 4 mm, and angular differences of at
most 2°. Consistent with Veli et al. [22], our result sug-
gested that in skeletal side comparisons, only mandibular
corpus length received the statistically significant differ-
ence in the control group. These suggested that the trans-
verse dental asymmetry in the control group may be the
result of camouflaging skeletal deficiency, to maintain a
Class I relationship. Patients with no perceivable facial
asymmetry were included in the current study as a con-
trol group. Thus, we attribute these differences to the
asymmetry in nature.

We observed UPCB adults with normal maxillary (J-])
and mandibular (Ag—Ag) skeletal widths and showed
more asymmetry in the mandible compared to the con-
trol group, mainly in the measurement of the antegonial
width (Ag-MSP) and the corpus length. We indicate the

increase in antegonial width (Ag-MSP) on the cross-
bite side was due to the difference in mandibular corpus
length. Alongside the corpus length difference, menton
was shown to be displaced toward the side of the shorter
corpus length. Since the critical distance of menton devi-
ations that differentiates facial symmetry from asymme-
try is approximately 4 mm [25, 26], we considered the
subjects in the control group (— 0.49+2.54 mm) to be
symmetric but not for the UPCB group (3.18 £5.01 mm)
due to large standard deviations.

The RH and CH + RH values were significantly shorter
on the crossbite side than on the non-crossbite side in
UPCB group while there was no side difference in con-
trol group. The decrease in RH and CH + RH on the
crossbite side was consistent with the studies of kilic [28].
These differences might be because of the restriction in
mandibular growth due to forced occlusion [5], adaptive
chewing pattern [8], or impaired functional activity of the
masticatory muscles [27]. According to Habets et al. [19],
the asymmetric index value greater than 3% could be
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Table 6 Inter-group comparisons of Dentoalveolar variables between the control group and UPCB group
Control group UPCB group
Mean + SD 95% Cl Mean +SD 95% Cl tvalue P value
Linear measurements
Maxillary transverse width differences—premolar
Premolar (mm) —1.03+255 —1.10,—222 221+£253 103,340 — 4307  0.000*
Buccal alveolar crest (mm) —025+240 —1.37,0.88 1.13+1.84 0.26,1.99 — 2026 0.050
Buccal midalveolar (mm) —004£207 —1.00,093 0184£159 —057,093 — 0368 0715
Palatal alveolar crest (mm) —028+£236 —1.38,083 117£213 017,216 —2023 0050
Palatal midalveolar (mm) —062£225 —167,044 —074£192 —164,0.16 0.189  0.851
Maxillary transverse width differences—molar
Molar (mm) —080+199 —1.73,0.14 316+£285 182,449 — 5082  0.000*
Buccal alveolar crest (mm) —055£1.85 —141,1.85 0.764+352 —0.89,241 — 1467 0.151
Buccal midalveolar (mm) —027£175 —1.09055 —011£302 —152,131 — 0211 0834
Palatal alveolar crest (mm) —0.70£1.72 —150,0.11 1454248 028,248 —3.172  0.003*
Palatal midalveolar (mm) —038£190 —1.27,052 066+£228 —041,173 — 1559 0127
Mandibular transverse width differences—premolar
Premolar (mm) —127£247 —243,—-0.12 7771356 6.10,943 —9334  0.000*
Buccal alveolar crest (mm) —077£255 —196,043 8224277 692,951 — 10.667  0.000*
Buccal midalveolar (mm) —128+£307 —271,0.16 832+348 6.69,995 —9.247  0.000*
Lingual alveolar crest (mm) —1064+281 —237,026 7514£499 517,985 —6.687  0.000*
Lingual midalveolar (mm) —1.18+362 —287,052 9464453  734,1157 —8.198  0.000*
Mandibular transverse width differences—molar
Molar (mm) —143+189 —231,-054 642+230 534,749 —11.785  0.000*
Buccal alveolar crest (mm) — 1174215 —=217,—-0.17 7724257 652,892 —11.876  0.000*
Buccal midalveolar (mm) — 1594228 —287,—030 844+£3.17 695992 — 10691  0.000%
Lingual alveolar crest (mm) — 1254228 —231,—-0.18 8404223 736,944 — 13553  0.000*
Lingual midalveolar (mm) —1.02£264 —225022 9.76+278 846,11.06 — 12554 0.000*
Angular measurements
Maxillary teeth inclination differences (°)
Premolar (°) —1.12+439 —3.17,094 537+£735 193,880 —3385 0.002*
Molar (°) —3744+490 —603, —144 9.10+£992 446,13.75 —5.189  0.000*
Mandibular teeth inclination differences (°)
Premolar (°) 1.57+584 —1.17,430 —1006+£690 —13.28,—6.83 5748  0.000*
Molar (°) 048+666 — 263,359 —818+£805 —1194, —441 3707 0.001*

UPCB unilateral posterior crossbite; SD standard deviation; Cl confidence interval
Statistically significant when *(P<0.05)

considered mandibular vertical asymmetry. In our study,
apart from the CRAI in the control group, both control
and UPCB groups’ asymmetric indexes were higher than
the 3% threshold, and intergroup comparisons were not
statistically significant. Some authors [10, 28] explained
that the high CAI values as a result of mandibular shift
due to occlusal change and TM]J remodeling, and the
differences in the measurement methods might also be
a reason. Our study was compared with Halicioglu et al
[29], as they used the same radiographic assessment as

we did. Consistent with our results, they found no statis-
tically significant differences in CAI, RAI, and CRAI val-
ues among the control and UPCB groups.

Additionally, assessments of condylar positional asym-
metries showed no significant differences in both groups.
We inferred these negative findings to the variability of
condylar position based on the large standard devia-
tion observed. Few studies [30, 31] investigated the true
skeletal asymmetry and found that condylar asymmetry
was influenced by the condylar morphology, coronoid
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process, and the glenoid fossa. Changes in dimension or
bony deposition on these structures were a sign of adap-
tation to form a better occlusion.

Corroborating with the previous belief [7], the present
study showed that UPCB adults displayed more trans-
verse asymmetry than normal occlusion adults on den-
toalveolar variables, predominately in the mandible. The
increases in widths of maxillary premolar, molar, and
palatal alveolar crest were statistically significant and
were consistent with the greater buccal inclinations of
the respective maxillary teeth on the crossbite side. In the
mandible, an increase in the alveolar width was observed
on the crossbite side with lingually inclined posterior
teeth. We explained these phenomena as a compensa-
tion of the alveolar bone to the degree of malocclusion or
vice versa. Also, significant transverse deviation in UPCB
group on the mandibular posterior region might be due
to a mandibular functional shift, dentoalveolar or skeletal
asymmetry, or a combination of these factors. As the pre-
sent study observed no condylar positional asymmetry,
the mandibular displacement caused by asymmetric cor-
pus length shown in our results might contribute to the
unilateral posterior crossbite in adult patients, and the
posterior teeth on both arches showed compensations to
overcome these skeletal discrepancies. Our findings pro-
vide some guidance in the clinical practice (1) improve-
ment of facial asymmetry is difficult to achieve simply
by orthodontic treatment in UPCB adults; (2) asymme-
try treatment modalities, such as asymmetric maxillary
expansion, should be considered for the treatment of
adults with UPCB, especially when maxillary posterior
teeth on both sides displayed compensations in opposite
direction; (3) early intervention of UPCB is crucial for the
prevention of skeletal asymmetry.

The limitations of this study are the small sample
size and deficiency in the assessment of potential func-
tional shift. Most of the variables measured in this study
appeared with a relatively large 95% CI, we contributed
this phenomenon to the limitation of sample size and
the complexity of multiple anatomical interactions of
craniofacial structures. The data collection and meas-
urements were made by one author, and all the variables
measured in crossbite groups were compared to the con-
trol group to reduce variability to overcome the limita-
tion in the sample size. The present study focused on the
three-dimensional linear and angular measurements of
maxillomandibular skeletal and transverse dentoalveolar
asymmetries in UPCB adults. To further investigate their
dentoskeletal adaption patterns, alveolar bone height
together with volumetric and surface measurements of
the TMJ complex and other craniofacial structures can
also be performed in future studies.
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Conclusions

1. Adults with UPCB showed significant asymmetry in
dentoskeletal measurements in the transverse dimen-
sion.

2. No significant asymmetry was found in the condylar
position and the maxillomandibular height in UPCB
group when compared to the control group.

3. Mandibular corpus length asymmetry and menton
deviation were observed in both groups, with UPCB
adults showing greater deviations.

4. In UPCB group, the maxillary posterior teeth were
more buccally inclined, and mandibular posterior
teeth were lingually inclined on the crossbite side.
Mandibular posterior teeth were more upright to
accommodate the lingually inclined maxillary poste-
rior teeth on the non-crossbite side.
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