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Assessment of available sites for palatal orthodontic mini-implants through

cone-beam computed tomography

Xinwei Lyua; Jiusi Guoa; Liangrui Chena; Yi Gaoa; Lu Liub; Lingling Pub; Wenli Laic; Hu Longd

ABSTRACT
Objective: To measure the palatal thickness of both hard and soft tissues and to determine safe
regions for the placement of mini-implants. The influences of sex and age on palatal thickness were
also examined.
Materials and Methods: Cone-beam computed tomography images of 30 patients (12 males, 18
females), including 15 adults and 15 adolescents, were used in this study. The thicknesses of
palatal hard tissue, soft tissue, and hardþsoft tissues were measured at the coronal planes of first
premolars, second premolars, first molars, and second molars (P1, P2, M1, and M2 planes,
respectively).
Results: The hard tissue was thickest at the P1 plane, followed by at the P2, M1, and M2 planes,
while the thickness of soft tissue was similar among the four planes. The trends in the changes of
palatal thickness from midline to the lateral sides (V-pattern) were similar for the four planes. Palatal
thickness was influenced by sex, age, and their interaction. Mapping of recommended and optimal
sites for palatal mini-implants was accomplished.
Conclusions: Sex and age factors could influence palatal thickness. Therefore, the findings might
be helpful for clinicians in guiding them to choose the optimal sites for palatal mini-implants. (Angle
Orthod. 2020;90:516–523.)
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INTRODUCTION

Orthodontic mini-implants have been widely used in

practice for a variety of tooth movements, including

molar protraction, segment protraction, anterior tooth

retraction, and distalization of an entire arch.1–4 Although

mini-implants can be inserted either buccally or palatally

to achieve diverse tooth movements, palatal mini-

implants are usually preferred based on their superior

stability.5 A recent clinical application of palatal mini-

implants is ‘‘miniscrew-assisted rapid palatal expansion’’

(MARPE), widely used for maxillary transverse deficien-

cy. MARPE applies expansion forces directly to the

palatal bone through mini-implants and achieves more

skeletal expansion compared to conventional tooth-

borne palatal expansion.6 The median and paramedian

areas of the palate consist of thick cortical bone that

offers enough bone quality and quantity to support mini-

implants.7 This area has the advantages of having no

significant anatomical structures, such as nerves, blood

vessels, or roots, that can interfere with the placement of

mini-implants.8 Additionally, palatal regions are suitable

for mini-implant insertion as a result of keratinized

tissues covering the palatal bones and because there

are no or minimal potential soft tissue irritations.9 The

thickness of palatal soft tissues may influence an

orthodontist’s decision on the length of mini-implants

and affects biomechanical stability and overall success
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rates of mini-implants.10 Thus, both palatal hard and soft
tissue thickness should be considered in the planning of
palatal mini-implant insertion.

The success of palatal mini-implants depends on
bone quality and quantity, since stability is achieved
by mechanical retention rather than by osseointegra-
tion.11,12 As a result of the additional bone height
provided by the nasal crest, the midsagittal area of
the palate is considered to be a safe location for
mini-implants.13 However, midpalatal mini-implants
have a high failure rate for adolescents because of
inadequate ossification.13,14 Ryu et al.9 showed that
palatal thickness was significantly lower in early
mixed-dentition patients than in late-mixed– and
permanent-dentition patients. To ensure stability,
midpalatal regions should be avoided for adolescent
patients as a result of incomplete suture ossifica-
tion,15 and the suitable sites for the insertion of
palatal mini-implants, especially midpalatal mini-
implants, depend on the maturation of patients.
Thus, because of the different growth patterns noted
between male and female patients, patients’ age and
sex should be considered in the decision for the
optimal implant placement sites.

Although several studies16–18 have evaluated the
thickness of palatal bone, few studies have investigat-
ed the thickness of palatal soft tissues or examined the
influences of age and sex on palatal mini-implant
insertion. Therefore, the objectives of this study were to
determine the thickness of palatal hard and soft tissues
and to examine the interactions of age and sex on
palatal thickness in order to guide clinicians in
choosing the optimal sites for palatal mini-implants.

MATERIALS AND METHODS

This study was approved by the Ethical Committee
of West China Hospital of Stomatology, Sichuan
University.

Participants

The sample consisted of cone-beam computed
tomography (CBCT) images of 30 systematically
healthy patients (12 males, 18 females) who visited
the West China Hospital of Stomatology, Sichuan
University. Three grouping methods were applied for
these patients: they were grouped by sex (12 males
and 18 females), age (15 adolescents [14.4 6 2.8
years of age] and 15 adults [25.6 6 2.98 years of
age]), and by sex and age (6 male adolescents, 9
female adolescents, 6 male adults, and 9 female
adults). The exclusion criteria were (1) cleft palate or
cleft lip; (2) impacted teeth in the palatal region; (3)
obvious full or partial alveolar resorption; (4) patholog-
ical lesions in the jaw; (5) dental implants or dentures;
and (6) previous palatal surgery.

CBCT Examinations

CBCT data were obtained using a three-dimensional
volume scanner (MCT-1, J Morita Mfg Corp, Kyoto,
Kyoto-fu, Japan) based on a cone-beam technique.
The following settings were used: 85 kV (anterior
posterior-latero lateral), 5.0 mA (anterior posterior), and
5.0 mA (latero lateral); exposure time, 17.5 seconds;
and slice thickness, 0.5 mm.

Measurements of Palates

Four coronal planes were selected passing through
the mesial-distal midpoints of bilateral first premolars,
second premolars, first molars, and second molars,
respectively. The planes were respectively marked as
P1, P2, M1, and M2 (Figure 1a). The thickness of
palatal hard tissue was defined as the distance
between the upper and lower edges of palatal bone,
while the thickness of palatal soft tissue was measured
as the distance between the lower edge of palatal bone
and the lower edge of palatal soft tissue. The thickness

Figure 1. Different measurement sites (�10 to ~þ10) at different planes (P1, P2, M1, and M2) in transverse and coronal views. a. Four coronal

planes and measurement sites; b. An example of measurement sites at one coronal plane.
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of hardþsoft tissue was defined as the distance

between the upper edge of palatal bone and the lower

edge of palatal soft tissue. The thickness of the hard

and soft tissue was measured every 1 mm (0 mm, 1

mm, . . ., 10 mm) away from the midpalatal suture. The

point at the midpalatal suture was defined as point 0,

and the other points were defined as points 1 to 10.

(Figure 1b).

Statistical Analyses

The measurements were repeated randomly by the

same author 2 weeks after the first measurement. The

intraclass coefficient (ICC) test was used to analyze

the reliability between the two measurements (ICC ¼
0.863). The average of the two independent measure-

ments was used for the final data.

Two-way analysis of variance (ANOVA) was used to

compare palatal thickness (hard tissue, soft tissue, and

hardþsoft tissues) among the four planes (P1, P2, M1,

and M2) and among different distances (�10 to þ10

mm) away from the midpalatal sutures. One-way

ANOVA was applied to analyze the differences in

palatal thickness of the same measuring point among

different sex and age groups. Factorial design ANOVA

was used to determine the interactions between age

and sex. All data were analyzed using SPSS 25.0 and

GraphPad 7.0, and a P value of less than .05 was

considered statistically significant.

RESULTS

Since no statistical differences were detected be-

tween left and right sides for palatal thickness (hard

tissue, soft tissue, and hardþsoft tissues) (P ¼ .296),

the left and right side measurements were combined

for statistical analyses. Two-way ANOVA with repeated

measures revealed that the thickness of hard tissues

was significantly influenced by different coronal planes

(P1, P2, M1, and M2) (P , .001), different sites away

from the midpalatal suture (0 to 10 mm) (P , .001), and
by their interaction (P , .001).

As displayed in Figure 2, for different sites away from
the midpalatal suture, post hoc one-way ANOVA
showed that, at the P1 plane, hard tissue thickness
increased from point 0 to point 10 (P , .001), and soft
tissue thickness decreased from point 0 to point 3 and
then gradually increased from point 3 to point 10 (P ,

.001). The trends in the changes of hardþsoft tissue
thickness were similar to those of the hard tissue at the
P1 plane. At the P2 plane, hard tissue thickness
deceased from point 0 to point 7 and slightly increased
thereafter, and soft tissue thickness gradually in-
creased from point 0 to point 10. The trends in the
changes of hardþsoft tissue thickness were consistent
with those of hard tissue thickness at the P2 plane. The
trends in the changes of palatal thickness (hard, soft,
and hardþsoft) at the M1 and M2 planes were similar to
those at the P2 plane.

As depicted in Figure 2, hard tissues were thickest at
the P1 plane among the four planes. Post hoc one-way
ANOVA revealed that significant differences were
found from point 3 to point 10 for hard tissues among
the four planes (P , .001). For the soft tissue, the
thickest was found at the P1 plane. For the hardþsoft
tissues, significant differences were found among the
four different planes at all sites away from the
midpalatal suture (P , .001), except between the M1
and M2 planes (these two planes were similar).

For different age groups (Figure 3), two-way ANOVA
demonstrated that hardþsoft tissue of adults was
thicker than that of adolescents at the P1 plane (P ¼
.039). No significant differences were detected for hard
tissue or soft tissue thickness between age groups at
the P1 plane (P . .05). No significant differences in
palatal thickness (hard, soft, and hardþsoft) were found
between adults and adolescents at the other planes
(P2, M1, and M2) (P . .05).

Between males and females (Figure 4), two-way
ANOVA revealed that palatal hard tissues were

Figure 2. Comparison of palatal thickness of different sites and different planes. (A) Hard tissue. (B) Soft tissue. (C) Hardþsoft tissue.
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significantly thicker in males than in females at the P1

(P ¼ .025) and P2 (P ¼ .030) planes, while they were

not different at the M1 and M2 planes (P . .05).

Likewise, similar results were found for hardþsoft

tissues (P1: P ¼ .022, P2: P ¼ .039, M1 and M2: P .

.05) but not for soft tissues (P . .05).

For the interactions between age and sex (Figure 5),

factorial ANOVA showed that there were interaction

effects between age and sex for the hard tissue at the

P1 (P¼ .007) and P2 (P¼ .002) planes. Similar results

were found for hardþsoft tissues (P1: P¼ .002; P2: P¼
.002). However, no interactions were found for soft

tissues (P . .05). Specifically, male adults had the

thickest hard tissue and hardþsoft tissue compared to

the other subgroups that were similar to each other

(female adults, male adolescents, and female adoles-

cents).

DISCUSSION

In this study, palatal thicknesses of hard tissue, soft

tissue, and hardþsoft tissues were evaluated to

determine suitable sites for the insertion of orthodontic

palatal mini-implants. Palatal tissues (hard, soft, and

Figure 3. Comparison of the thickness at different planes in adults and adolescents. (A) Hard tissue. (B) Hardþsoft tissue.

Figure 4. Comparison of the thickness at different planes at the same point in males and females. (A) Hard tissue. (B) Hardþsoft tissue.
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hardþsoft) at the P1 plane were thickest among all the

planes. Sex and age could influence palatal thickness.

Results showed that the thicknesses of hard tissue

and hardþsoft tissue at the P1 plane were thickest

among the four planes, followed by those at the the P2,

M1, and M2 planes. Kang et al.19 reported that the bone

thickness decreased laterally and posteriorly, in agree-

ment with the findings of this study. It could be

considered that this change was attributed to embry-

onic development. Development of the hard palate

consists of the primary palate and the secondary

palate. They fuse in the fetal development process and

form the anterior and posterior palate.20 Vertical

thickening of the secondary palate is limited as a

result of rapid development of the tongue, so the

thickness of the posterior palate is relatively thinner.

In the coronal sections, the thickness of the hard

tissue at the P1 plane gradually thickened from point 0

to point 10, with similar results for the hardþsoft tissue

thickness. For the other planes (P2, M1, and M2),

palatal thickness (hard and hardþsoft tissues) de-

creased first and slightly increased thereafter. These

findings were consistent with previous studies20 that

revealed that palatal tissues were thickened laterally

from the midline. The midpalatal tissues may be thicker

due to the fusion of bilateral palatal tissues at

midpalatal sites and the presence of the nasal septum.

The lateral sides of the hard palate were thicker, mainly

due to the existence of alveolar bone and teeth. Thus,

the areas between the midpalatal regions and the

lateral sides were relatively thin, resulting in a V-pattern

of the palatal thickness from median to lateral sites.

The hard tissues and hardþsoft tissues of males
were thicker than those of females at the P1 and P2
planes. Several studies7,19 reported that males had
significantly greater palatal bone thickness than did
females, in accordance with the current results. Manni
et al.21 showed that compared to males, the failure risk
of mini-implants was significantly higher in females,
likey as a result of decreased bone thickness.

No significant difference was detected in the palatal
tissue thickness between adults and adolescents.
Consistent with these results, Gracco et al.22 found
no differences in palatal bone thickness between
adults and adolescents. However, Ryu et al.9 showed
that there was significantly lower bone thickness in
adolescents than in adults. These inconsistent results
could be attributed to different patient selection. In the
present study and the study by Gracco et al.,22 patients
in the adolescent group were all in the late stages of
the mixed dentition, while Ryu et al.9 included both
early- and late-mixed–dentition patients.

For the hard tissue and hardþsoft tissues, the current
results showed that age and sex had interactions at the
P1 and P2 plane, but not for soft tissue. Thus, the patients
were divided into four subgroups based on sex and age:
male adults, female adults, male adolescents, and female
adolescents. In particular, male adults had the thickest
hard tissue and hardþsoft tissue compared to the other
subgroups. It was previously shown23 that the midpalatal
suture was broad and became slightly sinuous at birth
and then developed into a typical squamous suture until
the age of 16 years in females and 18 years in males.
Considering that the palatal sutures of adolescents were
less ossified, a mini-implant implantation site near the

Figure 5. The interactions between sex and age on palatal tissue thickness. (A) Hard tissue. (B) Hardþsoft tissue.
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middle of the hard palate should not be chosen. Since thin
hard tissue may lead to a risk of perforation into the
incisive canal or the nasal cavity, the stable retention of
mini-implants requires thick hard tissue.

This study demonstrated that soft tissue thickness
gradually increased from the midline to the lateral side of
palate and was not affected by sex or age factors.
Previous studies24,25 showed that inflammation surround-
ing a mini-implant was the most significant predictor of
mini-implant failure. Prolonged inflammation in soft
tissues led to peri-implantitis, resulting in the breakdown
of bone around mini-implants. Baumgaertel26 found that
thin soft tissue could effectively reduce the incidence of
inflammation around mini-implants. The proper length of
mini-implants may be influenced by soft tissue thickness;
thus, orthodontists should choose longer mini-implants
to insert into the lateral side of the palate in order to gain
enough stability. However, in terms of mechanical
considerations, Wilmes et al.27 reported that longer
mini-implants might cause higher torque during insertion,
which can lead to the microdamage of the bone and the
consequent loss of the mini-implants.

A recent study28 found that mini-implants with insertion
depths greater than 4.5 mm in bone had high success

rates. Thus, the recommended regions were mapped
(hard tissue thickness greater than 4.5 mm) to display
the optimal regions (hard tissue thickness greater than
4.5 mm and soft tissue thickness less than 2mm) for
palatal mini-screws for the different combinations of sex
and age (Figures 6 through 8). The ideal locations for
placement of palatal mini-implants were�10 mm toþ10
mm (male and female adults),�10 mm to�1 mm andþ1
mm toþ10 mm (male and female adolescents) between
teeth 14 and 24;�10 mm to 10 mm (male adults),�2 mm
toþ1 mm (female adults),�2 mm to�1 mm andþ1 mm
toþ3 mm (male adolescents) between teeth 15 and 25;
�3 mm to þ2 mm (male adults) and �1 mm to þ1 mm
(female adults) between teeth 16 and 26; and�2 mm to
þ1 mm (male adults) and �1 mm to þ1 mm (female
adults) between teeth 17 and 27.

For MARPE patients requiring the placement of
palatal mini-implants, four palatal mini-implants are
inserted to achieve bone-borne rapid palatal expan-
sion, with two anterior mini-implants placed at the P1
plane and two posterior ones placed at the M1 plane.
From the standpoint of mini-implant stability, the
posterior two mini-implants are very susceptible to
loosening and failure in adolescents and some female

Figure 6. Thickness of hard tissue at different planes for different subgroups (male adults, female adults, male adolescents, and female

adolescents). Horizontal dotted lines at the thickness of 4.5 mm are drawn in each diagram, and the resulting colored areas (thickness greater

than 4.5 mm) were indicative of recommended palatal regions for mini-implants. Sites near midpalatal sutures of adolescents were avoided in

consideration of anatomical factors.
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adults due to inadequate palatal bone. Thus, hybrid

bone-borne and tooth-borne palatal expanders with

four palatal mini-implants are recommended for ado-

lescents who require MARPE treatment.

CONCLUSIONS

� In conclusion, palatal thickness decreased from

anterior to posterior and from median to lateral in a

V-pattern. Palatal thickness was influenced by sex,

age, and their interaction. A mapping of recommend-

ed and optimal regions for palatal mini-implants is

suggested for clinicians.
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