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Abstract. - OBJECTIVE: The changes of max-
illary basal arch width, molar angle, palatal su-
ture width and nasal cavity width were analyzed
in patients with different cervical bone ages be-
fore and after maxillary rapid arch expansion
treatment, providing more reference for ortho-
dontic design and treatment in the future.
PATIENTS AND METHODS: A total of 45 pa-
tients with maxillary lateral, insufficient develop-
ment that underwent arch expansion treatment in
Jiaxing Second Hospital between February 2021
and February 2022 were selected for the study.
Patients were retrospectively grouped based on
the cervical vertebra bone age, and divided into
the pre-growth (15 cases), mid-growth (15 cas-
es) and post-growth groups (15 cases). All pa-
tients had oral cone-beam computed tomogra-
phy (CBCT) and lateral cranial radiographs taken
before and after the treatment. Maxillary basal
arch width, palatal suture width, nasal cavity
width and molar angle were measured and an-
alyzed using paired samples t-test, ANOVA and
least significant difference test (LSD-T).
RESULTS: The maxillary basal arch width,
palatal suture width, nasal cavity width and
molar angle in the three groups were signifi-
cantly changed after arch expansion treatment
(p<0.05). There was no statistically significant
difference in all measurement indexes between
patients in the pre-growth and the mid-growth
groups (p>0.05), but there was statistically sig-
nificant difference between patients in the pre-
growth and the late-growth groups (p<0.05).
There were statistically significant differences
in all measurement indexes between the mid-
dle-growth and the late-growth group (p<0.05).
CONCLUSIONS: Rapid expansion of arch can
be used to enlarge the width of palatal suture,
maxillary basal arch, and nasal cavity in adoles-
cent patients of different bone ages. With the in-
crease of cervical bone age, the bony effect of
expansion of arch gradually decreases, while
the dental effect increases. Appropriate overcor-
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rection should be made during arch expansion
in late growth and excessive tooth tilt should be
avoided to conceal bony width irregularities.
Key Words:

Cervical vertebra age, Palatal expansion technique,
Width of the nasal cavity, CBCT.

Introduction

Maxillary transverse deficiency (MTD) is a
common problem in clinical practice that is char-
acterized not only by a transverse deficiency, but
also by vertical and sagittal deficiency. Sever-
al studies' have shown a variation in prevalence
rates ranging from 8% to 23% in adolescents and
up to about 10% in adult orthodontic patients due
to differences in study samples and study calcu-
lation methods. Patients with narrow maxillary
arches often present with clinical manifestations
such as malocclusion, high arches of the palatal
cover, unilateral and bilateral posterior retru-
sions, bilateral buccal corridor enlargement, and
changes in the clinical crown axis inclination of
the teeth?. Deviation in the sagittal relationship of
the maxilla and the mandible can lead to skeletal
Class III and Class II deformities, and in severe
cases of mandibular recession in skeletal Class 11
patients can even cause obstructive sleep apnea
and hypopnea syndrome (OSAHS)? that negative-
ly affect the patient’s quality of life. Clinically,
tooth-supported expansion devices are used for
growing patients with narrow maxillary arches.
The use of teeth as support inevitably results in a
buccal tilt of the teeth. Literature has shown that
the bony effect of arch expansion decreases with
age. However, due to the wide variability in in-
dividual growth and development, it is not suffi-
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cient to judge the effectiveness of arch expansion
solely based on age. Gao and Gu* used cone-beam
computed tomography (CBCT) in 1,076 Chinese
children and adolescents and founds a high cor-
relation between cervical spine bone age and the
midpalatal suture. However, only few scholars®
focused on the relationship between the efficien-
cy of midpalatal suture dilation and the amount of
screw spring opening with the amount of midpal-
atal suture dilation during arch dilation in patients
with different cervical spine skeletal ages.

This retrospective study compares the effects
of arch expansion in patients at different stages
of growth according to Baccetti’s modified cer-
vical vertebral staging method® to provide some
insights for better clinical treatment of MTD.

Patients and Methods

Research Subjects

Medical records of 45 patients (16 males and 29
females), with an average age of 10.33+£2.04 years
(the oldest being 15 years old and the youngest 7
years old), who attended the orthodontic depart-
ment of Jiaxing Second Hospital and required arch
expansion treatment between September 2020
and December 2021, were selected for the study.
The Ethical Committee of the Second Affiliat-
ed Hospital of Jiaxing University approved this
study with No. JXEY-2017024, date 16/10/2017.

Inclusion Criteria

(1) Narrow upper dental arch, laterally under-
developed, with the width of the maxillary basal
arch being 2 mm wider than the mandible as the
normal standard; (2) juvenile patients at various
stages of cervical vertebral maturation (CVM)
staging; (3) patients with incomplete ossification
of the mid-palatal suture as judged by CBCT; (4)
no history of orthodontic treatments.

Based on the results of the Baccetti’s modified
cervical staging method, patients were retrospec-
tively divided into 3 groups: 1) pre-growth group
— cervical vertebral maturation stage (CVMS)
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Figure 1. Baccetti’s modified cervical staging method.

1270

I, 15 cases (7 males and 8 females, mean age
9.13+1.36 years); 2) mid-growth group — CVMS
II-CVMS 111, 15 cases (3 males and 12 females,
mean age 9.47+0.92 years); 3) post-growth group
— CVMS IV-CVMS VI, 15 cases (6 males and 9
females, mean age 13.07+1.28 years) (Figure 1).

Exclusion Criteria

(1) Patients with severe mouth breathing, tem-
poromandibular joint (TMJ) symptoms; (2) pa-
tients with cleft lip and palate and congenital dys-
plasia; (3) patients with a history of jaw trauma
and surgery; (4) patients with severe periodontal
tissue disease or dental tissue disease.

Research Methods

The Hyrax spiral arch expander was used as the
treatment device, with the first premolar and the
first molar as the supporting teeth or, if the first
premolar has not erupted, the first deciduous mo-
lar and the first molar were used for retention. The
imported glass ionomer (GC II) was used to bond
the expansion device to the retained teeth and the
patient’s parents were taught the correct way to ex-
pand the maxilla arch. The patient’s parents were
instructed to dilate the maxilla every morning and
evening with a quarter turn each time. Patients
were instructed to follow up on a weekly basis.
According to the difference in maxillary and man-
dibular widths measured on cone-beam computed
tomography (CBCT) before the treatment, all three
groups of patients stopped the arch expansion when
the maxillary width was 2 mm more than the man-
dibular width, and the screw spring was fixed with
a ligature wire to prevent it from springing back.
All patients completed the arch expansion within
one month and then maintained it for more than
3 months to ensure that the bone formation at the
mid-palatal suture was intact and the arch shape
was stable. All patients had regular follow-up ap-
pointments as prescribed by their doctors and no
patients were lost on the follow-up. All patients
were treated by the same primary care physician.

Measurement Methods

All patients had oral CBCT, and lateral cranial
radiographs taken before and after the treatment
by the same physician in the radiology depart-
ment of Jiaxing Second Hospital. The original
CBCT images were converted to 3D images us-
ing Romexis 3D software (Software, Planmeca,
Helsinki, Finland; Device, Sirona, Bensheim,
Germany). The CBCT data measurements and the
depiction of the lateral cranial slices were done by
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Figure 2. Maxillary basal bone width (MBBW).

two investigators and the final results were aver-
aged. If there was a large difference between the
two sets of measurements, the decision was made
by a third investigator after retesting.

Measurements

CBCT measurement

- Axial plane: through the orbital-ear plane.

- Sagittal plane: through the line between the
point of the nasal root and the anterior chin
point and perpendicular to the axial plane.

- Coronal plane: perpendicular to the axial and
sagittal planes.

- Coronal plane of the maxillary first molar:
through the coronal plane of the cusps of the
palatal roots of the bilateral first molars or, if
the two cusps are not in the same plane, the
plane of the anterior-posterior intermediate
position of the two roots.

Measurement indicators
- Maxillary bone width (MBBW): the width of
the palatal plane where the line connecting
the bifurcation points of the roots of the max-

Figure 3. Spiral spring opening quantity (SSOQ).

Figure 4. Coronal plane of the first molar.

illary first molars are located on the coronal
plane (Figure 2). If the bilateral root bifurca-
tion points are not in the same coronal plane,
the intermediate position is taken, and the first
premolar is taken on the coronal plane in line
with the central position of the pulp chamber
in the palatal plane where the maximum area
is located buccolingually.

- Spiral spring opening quantity (SSOQ): the
amount of spiral spring opening was mea-
sured in the plane of the spiral spring of the
bow expander (Figure 3).

- Tooth inclination of upper first molar (TI-
M1): the angle formed by the line through the
lowest point of the ipsilateral nasal floor and
the line between the palatal cusp and the cen-
tral fossa of the maxillary first molar, selected
on the coronal surface of the maxillary first
molar (Figure 4 and Figure 5).

- Suture expansion (SE): the width of the pala-
tal suture at the coronal plane of the maxillary
first molar.

- Nasal width (NW): the distance between the
widest point of the nasal pear-shaped foramen
in the coronal plane of the maxillary first molar.

Statistical Analysis

Statistical analysis was done using the SPSS
26.0 statistical software (IBM Corp., Armonk,
NY, USA). Three groups of patients with different
growth periods were analyzed by the paired sam-
ples t-test before and after the dilation treatment,
and the percentage increase in each measure be-
fore and after the dilation treatment was analyzed
by ANOVA. LSD-T test was used at the level of
two-sided o= 0.05. A p-value lower than 0.05 was
considered to be statistically significant.
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Table I. Comparison of pre- and post-arch expansion measurements in the pre-growth group () £ s).

Case MBBW_P1 MBBW_M1
Time number (mm) (mm) T1_MIR (°) TI1_MIL (°) SE (mm) NW (mm)
Pre-arch 15 36.07£1.96 43.76+1.99 118.25+7.39 115.3846.02  0.81+0.25 29.10£2.00
expansion
Post-arch 15 41.51+2.28 48.34+2.07 121.71+6.71 118.22+6.46  2.56+0.50 31.47+1.90
expansion
t-value -14.945 -17.055 -5.666 -5.731 -15.168 -11.092
p-value 0.000 0.000 0.000 0.000 0.000 0.000

MBBW _P1: first premolar or first milk molar basal bone arch width. MBBW_MI1: first molar basal bone arch. TI_MIR: angle
of the right first molar. T1 MIL: angle of the left first molar. SE: midpalatal suture width. NW: nasal cavity width. A p-value

lower than 0.05 is considered to be statistically significant.

Table Il. Comparison of pre- and post-arch expansion measurements in the mid-growth group (x + s).

Case MBB\WY_P1 MBBW_M1
Time number (mm) (mm) T1_MIR (°) TI1_MIL (°) SE (mm) NW (mm)
Pre-arch 15 36.06+1.42  44.60+1.94 117.70+5.96 116.81+6.70 0.78+0.16 28.89+2.51
expansion
Post-arch 15 41.17+2.03 49.234+2.57 121.524+5.41 119.91£7.00 2.26+0.47 31.03+2.71
expansion
t-value -18.624 -17.986 -6.418 -10.197 -11.436 -10.958
p-value 0.000 0.000 0.000 0.000 0.000 0.000

A p-value lower than 0.05 is considered to be statistically significant.

Results

Comparison of the three groups of patients
before and after the arch expansion treatment is
summarized in Tables I-III, respectively. Com-
pared to the pre-arch expansion treatment, there
were statistically significant changes in maxil-
lary basal arch width, maxillary first molar incli-
nation, suture expansion and nasal cavity width
measurements (p<0.05) in all three groups after
the rapid maxillary expansion.

Comparison of the growth volume ratios be-
fore and after the arch expansion in three groups
is shown in Tables IV and V, respectively. A pair-
wise comparison study found statistically sig-
nificant differences in the percentage increase

in each measure between the pre-growth and
mid-growth groups compared to the patients in
the late growth group after rapid maxillary ex-
pansion treatment (p<0.05). There was no sta-
tistically significant difference in the percentage
increase in each measure between the pre-growth
and mid-growth groups, (all p>0.05). There was
a statistically significant difference in the ratio of
maxillary basal and midpalatal suture width to
screw spring spread between the pre-growth and
mid-growth groups compared to the late growth
group (p<0.05). There was no statistically sig-
nificant difference between the pre-growth and
mid-growth groups in the ratio of maxillary pala-
tal suture and basal suture width to screw spring
spread (p>0.05).

Table Ill. Comparison of pre- and post-arch expansion measurements in the post-growth group (y £ s).

Case MBB\WY_P1 MBBW_M1
Time number (mm) (mm) T1_MIR (°) T1_MIL (°) SE (mm) N\ (mm)
Pre-arch 15 36.60£1.99  45.94+2.72 113.79+4.91 115.55+5.74 0.69+0.14 30.21+1.53
expansion
Post-arch 15 39.81+1.98 49.00+2.61 119.59+6.41 120.62+6.04  1.42+0.13 31.22+1.49
expansion
t-value -283.761 -59.656 -8.667 -13.075 -30.615 -20.893
p-value 0.000 0.000 0.000 0.000 0.000 0.000

A p-value lower than 0.05 is considered to be statistically significant.
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Figure 5. Tooth inclination of upper first molar (TI-M1).

Discussion

In this retrospective study, pre- and post-op-
erative CBCT data were collected and compara-
tively analyzed in patients with different cervical
spine bone age stages that underwent fixed rapid
expansion treatment. We report that this method
of analysis shows high accuracy and feasibility.

Since Dr. Angel” introduced the maxillary ex-
pansion technique in 1860, this orthodontic treat-
ment has gradually become the most common
treatment for MTD. There are various methods of
expanding the maxillary arch, such as rapid ex-
pansion, slow expansion, implant and surgical as-
sisted expansion®. Rapid maxillary arch expansion
is used in adolescent patients during their growth
spurt. By applying lateral orthopedic forces to the
palatal suture, the palatal suture tissue degener-
ates, old connective tissue is gradually replaced
by the new connective tissue, and bone matrix
is deposited in the palatal suture area, eventual-
ly causing the maxillary arch to widen’. This is
also consistent with the findings of Gautam et al',
showing that when greater stresses are applied to
the midpalatal suture, cells within the suture will
produce osteoclastic and osteogenic responses,
and that the suture changes caused by different
stresses will be different.

There is still no consensus on the age of os-
sification of the mid-palatal suture. Angelieri et
al'"'? analyzed CBCT images of patients of dif-
ferent ages and found that the midpalatal suture

Table IV. Comparison of measurements growth ratio before and after bow expansion in the three groups () * s).

Case MBBW_P1 MBBW_MI1
Time number (mm) (mm) T1_MIR (°) TI1_MIL (°) SE (mm) NW (mm)
Pre-growth 15 0.15+£0.04 0.11£0.02 0.03+£0.22 0.02+0.02 2.36+0.87 0.08+0.03
Mid-growth 15 0.14+0.03 0.10+£0.02 0.03+0.02 0.03+0.01 2.00+0.79 0.07+0.03
Post-growth 0.09+£0.01*  0.07+£0.01* 0.05+0.02 0.04+0.01® 1.10+0.33 0.03£0.01%
fvalue 17.766 19.019 4.042 9.329 12.601 18.641
p-value 0.000 0.000 0.000 0.000 0.000 0.000

Measurements growth ratio refers to the difference between post-treatment measurements and pre-treatment measurements
as “percentage of initial measurements. *represents p<0.05 compared to patients in the pre-growth group, represents p<0.05
compared to patients in the mid-growth group. A p-value lower than 0.05 is considered to be statistically significant.

Table V. Comparison of the ratio of measurements to the width of the screw spring after arch expansion in the three groups
(X £ ).

Group Case number MBBW_P1/SSOQ MBB\WY_M1/SSOQ SE/SSOQ
Pre-growth 15 0.91+0.16 0.82+0.12 0.31+0.07
Mid-growth 15 0.91£0.12 0.82+0.10 0.26+0.07
Post-growth 0.65+0.13% 0.62+0.10% 0.15+0.04%
fvalue 14.677 17.825 28.772
p-value 0.000 0.000 0.000

MBBW_P1/SSOQ: ratio of the increase in the width of the first premolar jaw to the opening of the screw spring; MBBW_ M1/
SSOQ: ratio of the increase in the width of the first premolar jaw to the opening of the screw spring; SE/SSOQ: ratio of the
increase in the width of the palatal septum to the opening of the screw spring. *represents p<0.05 compared to patients in the
pre-growth group, Prepresents p <0.05 compared to patients in the mid-growth group. A p-value lower than 0.05 is considered
to be statistically significant.
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was unfused in approximately 12% of adults and
that there was no significant relationship between
age and gender and the ossification of the midpal-
atal suture. Gao and Gu* found a high correlation
between cervical spine bone age staging and mid-
palatal suture staging, and Persson and Thilan-
der” reported results consistent with this study.
Age is not an accurate predictor of actual growth
and development, and cervical spine bone age
should be used for more accurate staging'“.

Bone Effect

There was a significant change in the width of
the midpalatal suture and maxillary basal arch
in all three groups before and after the treatment
(p<0.05), indicating that rapid maxillary expan-
sion was effective in patients with incomplete
closure of the midpalatal suture at all bone ages,
which is consistent with the findings of Angelieri
etal'. Li et al’ found that, after rapid maxillary ex-
pansion, a significant widening of the midpalatal
suture was observed on CBCT. There was a sta-
tistically significant difference between patients
in the pre-growth group and those in the mid-
growth group in terms of changes in the width
of the mid-palatal suture and maxillary basal
arch compared to those in the post-growth group.
This is consistent with the findings of Xiong et
al’®, who showed that patients with narrow dental
arches had more bone effect when they underwent
rapid maxillary expansion in the pre-growth and
mid-growth periods. This is closely related to the
unique structure of the palatal suture itself. The
midpalatal suture is a fusion line between the hor-
izontal part of the palate and the palatal eminence
of the maxilla. As the bone ages, this fusion line
gradually changes from fibrous to osseous union,
making the bone structure of the midpalatal su-
ture more rigid and producing a different mid-
palatal suture response for the same large value
of arch expansion force'. Li et al”? found that the
amount of midpalatal suture expansion decreases
gradually with increasing age and bone age when
performing maxilla arch expansion on rats of dif-
ferent ages, which is consistent with our findings.
Table V shows that there is a statistically signifi-
cant difference in the ratio of the expanded width
of the maxillary arch to the opening of the screw
spring and the ratio of the midpalatal suture to
the opening of the screw spring between the pre-
growth and mid-growth patients compared to the
late growth patients. Therefore, for patients in the
later stages of growth, some overcorrection may
be appropriate at the time of maxilla arch expan-
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sion in order to obtain more bony effect, as a sub-
stitute for the lack of maxillary width that is creat-
ed again when the buccally inclined molars are set
upright in the second stage of fixed orthodontics.

Teeth Effect

Patients in the pre-growth, mid-growth and
post-growth groups all showed significant buccal
tilting of the supporting molar after rapid maxil-
lary expansion treatment (p<0.05), and the tilting
occurred on both the right and the left sides. This
is mainly due to the fact that the rapid expansion
of the maxilla arch not only acts on the palatal
mesial suture but also exerts a greater orthodon-
tic force on the supporting molars, resulting in a
buccal inclination of the supporting teeth'®. Liu et
al'"? studied the way the teeth moved after maxilla
arch expansion treatment and found that a cer-
tain amount of tilt movement occurred after rapid
maxillary expansion. In this study, a statistical-
ly significant change (p<0.05) in the inclination
of the molars was found in the late growth phase
compared to the pre-growth and mid-growth pa-
tients after the maxilla arch expansion treatment,
suggesting that as the bone ages, the odontogenic
effect becomes more pronounced, and the sup-
porting teeth develop more buccal inclination.
Domann et al*® used CBCT to show that rapid
maxillary arch expansion treatment resulted in a
reduction in the thickness and height of the buc-
cal alveolar bone of the maxillary posterior teeth,
especially in the premolar, molar teeth. The force
applied in a short period of time during rapid max-
illary expansion can be very high, up to 2,000-
3,000 g. However, the rate of bone deposition in
the alveolar bone lags behind the rate of expan-
sion, which greatly increases the chance of bone
fractures and bone openings. Garib et al*' there-
fore recommend that the presence of a thin buccal
bone plate should be watched for on CBCT before
performing rapid maxillary expansion treatment.
In patients in the later stages of growth, extra care
should be taken when expanding the maxilla arch
to prevent the occurrence of bone dehiscence due
to the large amount of expansion. In patients with
a thin buccal bone plate, a prior cortectomy or
periodontal accelerated osteogenic orthodontics
(PAOO) may be considered to prevent osteoclas-
tic fractures and osteoclastic windows.

Nasal Cavity Width

All three groups of patients at different growth
stages exhibited significant changes in nasal cav-
ity width (p<0.05) after the treatment with arch
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expansion. These results are consistent with the
findings of Erdur et al*?, who found a significant
increase in nasal cavity width in both adolescent
and late adolescent patients after rapid maxillary
expansion treatment. The increased nasal cavity
width may be related to the specific structure of
the maxilla. During the arch expansion treatment,
as the screw spring continues to open, the mid-fa-
cial structures expand, resulting in an increase in
the width of the nasal maxillary complex, thus
promoting a significant increase in the total vol-
ume of the nasal cavity, including the supra-nasal
region, and the width of the nasal cavity. In a study
of 35 patients with maxillary arch stenosis, Li et
al* found that the width of the pyriform foramen
increased by about 2 mm at the end of the expan-
sion treatment, indicating that rapid expansion
treatment had an overall arch expansion effect
on the nasomaxillary complex. Guo et al** found
that maxillary expansion treatment increased the
volume of the upper airway in patients with mal-
occlusion with mouth breathing, improved mouth
breathing symptoms and helped patients to estab-
lish normal nasal breathing. It has been shown
that rapid maxillary expansion plays an important
role in improving nasal structure and promoting
nasal ventilation and thus relieving nasal conges-
tion®”. Therefore, in patients with OSAHS who
also a narrow maxillary arch have, clinical or-
thodontic treatment with arch expansion can be
considered after excluding organic nasal disease.
A two-by-two comparison of the three groups of
patients with different growth spurts showed that
the increase in nasal width gradually decreased
with bone age, with statistically significant differ-
ences between patients in the pre-growth and late
growth spur groups and between patients in the
mid-growth and late growth spur groups (p<0.05).
This may be related to the specific structure of the
cranio-maxillary complex. Scholars?® have shown
that the elastic modulus of the sutures in growing
patients is much smaller than that of the cortical
and cancellous bones and is more likely to deform
when subjected to external forces. The cranial
maxillary sutures gradually ossify as the bones
grow older, usually completely ossifying by the
age of 16 years.

Conclusions
We showed that after the rapid maxillary ex-

pansion treatment, the maxilla, mid-palatal su-
ture and nasal cavity width of the three groups of

patients of different bone ages were enlarged to
different degrees. This indicates that the width of
the cranio-maxillary complex could be enlarged
by the use of the rapid arch expander in patients
at different stages of growth and with incomplete
closure of the mid-palatal suture. There were
statistically significant differences between the
pre-growth and post-growth groups and between
the mid-growth and post-growth groups, indi-
cating that the increase in maxilla, mid-palatal
suture and nasal width gradually decreases with
increasing bone age, while the inclination of the
supporting teeth gradually increases, as the bone
suture between the maxilla and the surrounding
bones gradually ossifies with increasing bone
age. For patients in pre-growth and mid-growth,
more significant bone effects are achieved, while
for patients in late growth, more dental effects
are obtained. This not only demonstrates a good
treatment effect of the rapid maxillary expansion
treatment in pre-growth and mid-growth patients,
but also shows that it has certain advantages for
improving nasal function’. Therefore, it is ben-
eficial to treat patients in pre-growth and mid-
growth period with rapid maxillary expansion.
Since only recent changes were observed in this
study, further observational studies are needed
to evaluate long-term stability and effects of the
treatment.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Ethics Approval

The Ethical Committee of the Second Affiliated Hospi-
tal of Jiaxing University approved this study with No. JX-
EY-2017024, date 16/10/2017.

Availability of Data and Materials

The datasets generated during and/or analyzed during the
current study are available from the corresponding author
on reasonable request.

Funding

The study was funded by A Project Supported by Scientific
Research Fund of Zhejiang Provincial Education Depart-
ment (No.Y202249619).

1275



Y.-N. Chen, X.-W. Yang,

W.-Y. Zheng

Authors’ Contributions
WZ conceptualized the study. YC and XY acquired the data
and performed the analyses. YC and WZ wrote the draft

manuscript. All authors read and approved the final draft of

the manuscript.

ORCID ID

Y. -N. Chen: 0000-0001-7763-7825.
X.-W. Yang: 0000-0001-5553-5887.
W.-Y. Zheng: 0000-0002-0819-0609.

Informed Consent
Not applicable, due to the retrospective nature of the study.

1)

5)

6)

10)

References

Zhang X, Zhang R. Maxillary skeletal expander
for maxillary transverse deficiency: Application
and strengths. Chin J Tissue Eng Res 2020; 24:
2250-2255.

Nojima LI, Nojima M da CG, Cunha AC da, Guss
NO, Sant’Anna EF. Mini-implant selection proto-
col applied to MARPE. Dent Press J Orthod 2018;
23: 93-101.

Luzzi V, Lerardo G, Di Carlo G, Saccucci M, Poli-
meni A. Obstructive sleep apnea syndrome in the
pediatric age: the role of the dentist. Eur Rev Med
Pharmaco 2019; 23: 9-14.

Gao L, Gu Y. Correlation between midpalatal su-
ture stage on cone-beam CT images and its cer-
vical vertebral maturation stage for 1 076 Chinese
children and youth. Zhonghua Kou Qiang Yi Xue
Za Zhi 2021; 56: 251-255.

LiL, Yan C, Zhang W. A comparative study of two
different rapid expansion methods in the treat-
ment of maxillary stenosis. Anhui Med Pharm J
2018; 22: 1755-1758.

Baccetti T, Franchi L, McNamara JA. The Cer-
vical Vertebral Maturation (CVM) Method for the
Assessment of Optimal Treatment Timing in Den-
tofacial Orthopedics. Seminars in Orthodontics
2005; 11: 119-129.

Liu L, Hu J. Research progress of maxillary extension
technique. Med Recapitulate 2018; 24: 1743-1748.

Liu C, Mao Q, Wang C. Application and research
progress of maxillary lateral expansion technique.
J Prev Treat Stomatol Dis 2020; 28: 689-697.
Chang JY, McNamara JA, Herberger TA. A lon-
gitudinal study of skeletal side effects induced by
rapid maxillary expansion. Am J Orthod Dentofac
Orthop Off Publ Am Assoc Orthod Its Const Soc
Am Board Orthod 1997; 112: 330-337.

Gautam P, Valiathan A, Adhikari R. Stress and di-
splacement patterns in the craniofacial skeleton

1276

11)

12)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

with rapid maxillary expansion: a finite element
method study. Am J Orthod Dentofac Orthop Off
Publ Am Assoc Orthod Its Const Soc Am Board
Orthod 2007; 132: 5.e1-11.

Angelieri F, Cevidanes LHS, Franchi L, Gongalv-
es JR, Benavides E, McNamara JA. Midpalatal
suture maturation: classification method for indi-
vidual assessment before rapid maxillary expan-
sion. Am J Orthod Dentofac Orthop Off Publ Am
Assoc Orthod Its Const Soc Am Board Orthod
2013; 144: 759-769.

Angelieri F, Franchi L, Cevidanes LHS, Gongalv-
es JR, Nieri M, Wolford LM, McNamara JA Jr.
Cone beam computed tomography evaluation of
midpalatal suture maturation in adults. Int J Oral
Maxillofac Surg 2017; 46: 1557-1561.

Persson M, Thilander B. Palatal suture closure
in man from 15 to 35 years of age. Am J Orthod
1977; 72: 42-52.

Jin Z, Jiao G. A survey of cervical vertebral bone
age staging and physiological age distribution
among adolescents in Xi'an. Peoples Mil Surg
2013; 56: 11651166.

Xiong Z, Ke J, Zhao J, Lin Q, Yang X, Xiao Y.
Three-dimensional measurement and analysis of
palatal morphological changes after rapid maxil-
lary expansion in patients with different skeletal
ages. Chin J Stomatol 2016; 51: 734-738.

Liang CT, Barnes J, Seedor JG, Quartuccio HA,
Bolander M, Jeffrey JJ, Rodan GA. Impaired bone
activity in aged rats: alterations at the cellular and
molecular levels. Bone 1992; 13: 435-441.

Li R, Duan Y, Li J, Chen L. The effect of age on
the expansion effect of the annular expander.
Chin J Conserv Dent 2004; 1: 32-35.

Pereira J da S, Jacob HB, Locks A, Brunetto M,
Ribeiro GLU. Evaluation of the rapid and slow ma-
xillary expansion using cone-beam computed to-
mography: a randomized clinical trial. Dent Press
J Orthod 2017; 22: 61-68.

Liu J, Li H, Yan H. The similarities and differences of
fast and slow expanding tooth movement patterns ob-
served by CBCT. J Oral Sci Res 2018; 34: 902-904.

Domann CE, Kau CH, English JD, Xia JJ, Souccar
NM, Lee RP. Cone beam computed tomography
analysis of dentoalveolar changes immediately
after maxillary expansion. Orthod Art Pract Den-
tofac Enhanc 2011; 12: 202-209.

Garib DG, Henriques JFC, Janson G, de Freitas
MR, Fernandes AY. Periodontal effects of rapid
maxillary expansion with tooth-tissue-borne and
tooth-borne expanders: a computed tomography
evaluation. Am J Orthod Dentofac Orthop Off
Publ Am Assoc Orthod Its Const Soc Am Board
Orthod 2006; 129: 749-758.

Erdur EA, Yildinm M, Karatas RMC, Akin M. Ef-
fects of symmetric and asymmetric rapid maxillary
expansion treatments on pharyngeal airway and
sinus volume. Angle Orthod 2020; 90: 425-431.

LiL, Qi S, Wang H, Ren S, Ban J. Cone beam CT
analysis of the effect of rapid maxillary expansion



Cone-beam computed tomography

24)

on craniomaxillofacial bones and upper airway.
Chin J Stomatol; 50: 403-407.

Guo J, YuL, LiY, Liu Y. Effect of maxillary expan-
sion combined with double (occlusal) pad applian-
ce treatment on the upper airway of mouth-bre-
athing children with dento-maxillary deformity.
Shanghai J Stomatol 2021; 30: 634-638.

25)

26)

Iwasaki T, Papageorgiou SN, Yamasaki Y, Ali Da-
rendeliler M, Papadopoulou AK. Nasal ventilation
and rapid maxillary expansion (RME): a randomi-
zed trial. Eur J Orthod 2021; 43: 283-292.

He H, Peng C. Orthodontic treatment of skele-
tal class Ill malocclusion. Chin J Pract Stomatol
2010; 3: 265-269.

1277



