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ABSTRACT

Objective: The purpose of the research was to com-
pare the dimensions of the upper jaw between different
age groups for the installation of mini-implants for rapid
maxillary expansion.

Materials and Methods: The study was descriptive,
retroprospective and observational. Cone beam computed
tomography was used for the evaluation of 30 patients
between7andséyearsofage, dividedintothree groups, ten
up to 14 years, ten from 15 to 30 years, and ten from 31 years
and older. The premolar and molar regions were selected
for the measurement of the maxilla in the coronal plane,
both bone and soft tissue. To compare the measurements,
the Kruskal Wallis and Mann-Whitney U tests were used.

Results: No statistically significant differences were
found between the groups. The thicknesses of the bone
tissue decreased from the first premolar to the second
molarfrom 9.48 +/-3.71 mm t0 5.40 +/-2.80 mm respectively,
while the soft tissue thicknesses were more homogeneous
with measurements of 0.56 +/-0.74 mm to 2.76 +/- 2.42 mm.

Conclusions: The dimensions of the bone and soft tis-
sue of the upper jaw, evaluated vertically for the installa-
tion of mini-implants, were similar in all the age groups
studied, with larger dimensions in men than in women at
the premolar level. The dimensions of the maxilla for the
palatal miniimplants were close to 9 mm in bone tissue and
3 mm of soft tissue at the level of premolars and 5 mm in
hard tissue with 1 mm of soft tissue at the level of molars.
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RESUMEN

Objetivo: El propésito de la investigacién fue comparar
las dimensiones del maxilar superior entre diferentes grupos
de edad para la instalacion de miniimplantes de expansién
rapida maxilar (ERM).

Materiales y Métodos: El estudio fue descriptivo, retro-
prospectivo y observacional. Se utilizaron tomografias com-
putarizadas de haz conico para la evaluacién de 30 pacientes
entre 7 a 56 afos de edad, divididos en tres grupos, diez
hasta 14 afos, diez de 15 a 30 afios y diez de 31 afios a mas. Se
seleccionaron las regiones de premolares y molares para la
medicion del maxilar en el plano coronal, tanto de tejido 6seo
como blando. Para comparar las medidas se utilizaron las
pruebas Kruskal Wallis y U de Mann-Whitney.

Resultados: No se encontraron diferencias estadistica-
mente significativas entre los grupos. Los grosores del tejido
6seo fueron disminuyendo desde el primer premolar hasta
el segundo molar de 9.48 +/-3.71 mm hasta 5.40 +/-2.80 mm
respectivamente, mientras que los de tejido blando fueron
mas homogéneos con medidas de 0.56 +/-0.74 mm hasta 2.76
+/-2.42 mm.

Conclusién: Las dimensiones del tejido déseo y blando
del maxilar superior, evaluadas en sentido vertical para la
instalacion de miniimplantes, fueron similares en todos los
grupos de edad estudiados, con mayores dimensiones en
hombres que en mujeresanivel de premolares. Las dimensiones
del maxilar para los miniimplantes palatinos se acercaron a
los 9 mm en el tejido 6seo y 3 mm de tejido blando a nivel de
premolaresy 5 mm en tejido duro con 1 mm de tejido blando a
nivel de molares.

Palabras Clave: Técnica de Expansién Palatina; Implantes
dentales; Mini-implantes; Maxilar; Tomografia computarizada
de haz cénico; Grupos de edad
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INTRODUCTION

Rapid maxillary expansion (RME) is conside-
red a common treatment for transverse ma-
xillary deficiencies,™* present in all age gro-
ups,® which consists of increasing the trans-
verse dimension of the maxilla using diffe-
rent types of devices that achieve considera-
ble maxillary expansion.®® Knowledge of the
linear values of the upper jaw is the basis for
planning orthodontic treatments that requi-
re RME,*™ such as mini-implant-assisted ra-
pid palatal expansion (MARPE), which gene-
rates an increase significant in the trans-
verse maxillary skeletal dimension, showing
a more parallel radiolucency of the palatal
suture than traditional methods, causing fe-
wer collateral effects on the posterior teeth,
such as the greater angulation of the molars
generated by dental support methods.®
Palate has become an important site for the
placement of anchorage devices, due to its
bone quantity and quality,? especially if RME
is desired. The morphology of the craniofacial
region is predominantly controlled by gene-
tic factors; however, functional demands can
have a significant effect on growth and deve-
lopment.™® The width of palate increases
from the primary to the permanent stage,
the palatal height and the palatal height
index decrease from the primary to the mixed
dentition and then increase from the mixed
to the permanent dentition.™ However, it
is necessary to know if these dimensional
changes also occur with age in the area where
mini-implants for RME are usually placed.
Eslami et al.," observed a progressive increase
in various measurements of the palate from
birth to the period of permanent dentition.

Berwig et al.,** indicated that the dimensions

of the maxilla were different according to sex,
being larger in men. Liu et al.*® indicated that
the thickness of the palate was influenced by
sex, age, and their interaction. Mallick et al.*¢
evaluated the thickness of the cortical bone
of the lingual and palatal jaws to choose the
optimal locations to place the mini-implants,
but they did it just at the interradicular level.
To perform RME, the mini-implants need to be
placed inthe region paramedial to the palatine
raphe.” By comparing the dimensions of the
upperjaw between different age groups using
computed tomography in this region, it could
provide more information to the orthodontist
about the base dimensions in both hard and
soft tissue to take into account when selecting
mini-implants for RME.

The purpose of the study was to compare
the dimensions of the jaw between different
age groups for the installation of RME mini-

implants.

MATERIALS AND METHODS

The execution of this research work was ap-
proved by the research committee of the Santo
Toribio de Mogrovejo Catholic University, with
resolution number199-2022-USAT-FMED.

An observational, descriptive, retroprospective
study was carried out. The study population
was made up of patients who attended a local
radiological center in the city of Trujillo, Peru,
between 2021 and 2022, from which a sample
of 30 tomography scans was extracted, in which
1260 tomographic sectors were evaluated. The
sample was calculated using the formula for
comparison of means, with data obtained from
a pilot study, carried out with 168 tomographic

sectors from first premolars to second molars
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(42 sectors per tooth) obtained from tomo-
graphy scans of two patients who were not
considered in the final study. For this calcula-
tion, a confidence level of 99.5%, a maximum
type | error of 0.01, power of 95%, a maximum
type Il error of 0.05, variances of 3.9 and 2.4,
as well as a maximum estimated difference
of 41 mm, obtained in said pilot study, was
considered. The calculation result was 6.68,
with which a sample of 7 was obtained, which
was finally rounded up to 10 tomographies per
group.

The inclusion criteria were: tomography scans
taken in the period 2021-2022 by a single type
of tomographic equipment and with the same

parameters.

The exclusion criteria were: tomography scans
with defects in the shot, which make it difficult
to determine the dimensions of the maxilla,
that do not have a report on the degree of
magnification of the shot, patients without
complete permanent dentition up to upper
second molars, tomography scans of patients
with orthodontic appliances, patients with
previous orthognathic or orthodontic surgery,
anomalies, trauma or craniofacial syndromes
reported in the radiological center.

Planmeca dental image processing software
ProMax 3D Mid (MCT-, ]. Morita Mfg. Corp.,
Kyoto, Kyoto-fu, Japan) with the following
settings were used:

Anodic voltage 60—90kV, 60—120kV, anodic cur-
rent 114 mA, focal spot 0.smm, fixed anode,
flat screen image detector, image acquisition
200/360-degree rotation, recovery time scan-
ning 9—33 seconds, typical reconstruction time
2—55 seconds and maximum volume without

stitching @20 x 10 cm.

The dimensions considered for the present
study were the height of the upper jaw, both
soft tissue and bone tissue, according to the
method proposed by Lyu.™ Measurements
were made at the level of each posterior
tooth: first premolars (P1), second premolars
(P2), first molars (M1) and second molars
(M2), with a separation of 1 mm between each
measurement, -10 to +10 mm, with the palatine

raphe being measurement o (Figure 1).

Method error

The error of the method was evaluated with
42 tomographic sectors (corresponding to two
patients, 168 tomographic sectors at each ob-
servation moment) through inter-examiner
cali-bration between the researcher and a
specialist radiologist, after the researcher’s
training; and intra- examiner calibration bet-
ween the same researcher at two different
times, with two weeks of separation between

measurements.

In order to evaluate the agreement, the In-
traclass Correlation Coefficient was used, ob-
taining values greater than 0.90 (p<0.05) for both

measurements.

Statistic analysis

The data were processed using the SPSS Sta-
tistics 22.0 statistical program (IBM, Armonk,
NY, USA). The means, standard deviations,
medians, minimum and maximum values
were calculated. To determine the comparison
of the dimensions of the upper jaw between
the different age groups, the Kruskal Wallis
test was used for multiple comparisons and
the Mann-Whitney U test for post-hoc compa-

risons and for comparisons between men and
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women, due to non-compliance assumption
of normality, evaluated using the Shapiro-Wilk

test. A significance level of 5% was considered.

RESULTS

A number of 30 tomography scans of sub-jects
between 7 and 56 years of age were evaluuated,
divided into three groups of 10 tomography
each: up to 14 years (11.30 +/-2.45, range: 7 - 14
years), from 15 to 30 years (23.20 + /- 4.83, range:

17 - 30 years) and from 31 years and older (41.90
+/- 7.92, range: 31 - 56 years); of which 16 were
women (24.06 +/-14.31, range: 7 - 56 years) and
14 were men (27.07 +/-13.73, range: 11 - 49 years).
No statistically significant differences were
found between the age groups studied (p>
0.05). The bone tissue thicknesses decreased
from the first premolar to the second molar
from 9.48 +/- 3.71 mm to 5.40 +/-2.80 mm
respectively, while the soft tissue thicknesses

were more homogeneous with measurements

Figure 1. Representative tomographic image of the measurement of the height of the maxillary bone,
carried out at the level of the upper first premolars, in the axial plane, in A. In B, the coronal plane is
shown at the level of the first premolars themselves with the 11 measurements made for both soft
tissue (in blue) and bone tissue (in red), with a separation of 1 mm for each measurement, as seen in

the area with the yellow arrow.
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of 0.56 +/- 0.74 mm up to 2.76 +/- 2.42 mm. In
the group up to 14 years of age, bone tissue
thicknesses ranged between 5.12 +/- 3.53 mm
at the level of the second premolar and 7.84 +/-
5.76 mm at the level of the first premolar; while
in the soft tissue they ranged between 0.80 +/-
0.60 mm at the level of the first molarand 2.72
+/- 3.06 mm at the level of the first premolar.
In the group aged 31 years or older, bone tissue
thicknesses ranged between 5.72 +/- 1.90 mm
at the level of the second molar and 9.48 +/-
3.71 mm at the level of the first premolar; while

in the soft tissue they ranged between 0.56 +/-

0.74 mm at the level of the first molar and 2.76
+/- 2.42 mm at the level of the first premolar
(Table 1). When comparing the dimensions
accoring to sex, it was observed statistically
significant differences between males and
females at the level of the 1st premolar in
the soft tissue (p=0.008), where a greater
dimension was observed in men, with 5.90 +/-
2.00 mm, which, in women, with 3.60 +/- 1.00
mm. Similarly, in the 2" premolar bone tissue
(p= 0.034), with a greater dimension in men,
with 8.80 +/- 319 mm, than in women, with
6.40 +/- 0.80 mm.

Table 1 . Comparison of the dimensions of the upper jaw between
the different groups of age in study.

Dimensions of the upperjaw Age groups n Mean SD Range Me IR p-value®

1 premolar bone tissue (n=30) Up to14 years 10 7.84 5.76 16.8 7.2 1.2
15to 30 years 10 9.48 3.71 12.0 9.0 5.8 0.253
31years or more 10 5.84 4.91 14.8 6.4 9.5

1°tsoft tissue premolar (n=30) Up to14 years 10 2.72 3.06 8.0 1.8 5.1
15to 30 years 10 2.24 1.57 5.6 2.0 1.8 0.905
31years or more 10 2.76 2.42 8.0 2.4 2.8

2" premolar bone tissue (h=30)  Up to14 years 10 512 3.53 10.4 6.0 6.5
15 to 30 years 10 7.60 2.53 8.8 7.2 1.5 0.309
31years or more 10 6.68 2.39 8.4 6.0 3.2

2" premolar soft tissue (n=30) Up to14 years 10 1.00 1.53 5.2 0.4 0.9
15to 30 years 10 0.76 0.97 2.8 0.4 1.6 0.9M
31years or more 10 0.88 0.98 2.8 0.8 1.4

1**molar bone tissue (n=30) Up to14 years 10 5.76 2.54 8.0 7.0 37
15 to 30 years 10 5.76 1.56 4.8 5.8 2.8 0.836
31years or more 10 5.72 2.24 6.8 5.6 4.0

1t soft tissue molar (n=30) Up to14 years 10 0.80 0.60 1.6 1.0 1.2
15to 30 years 10 0.56 0.74 2.0 0.2 1.0 0.382
31years or more 10 1.04 0.87 2.4 1.0 17

2"molar bone tissue (n=30) Up to14 years 10 5.40 2.80 8.4 6.2 3.7
15 to 30 years 10 6.40 1.96 5.2 6.8 3.8 0.766
31years or more 10 572 1.90 6.4 6.4 2.42

2" molar soft tissue (n=30) Up to14 years 10 1.36 216 7.2 1.0 1.6
15to 30 years 10 116 0.79 2.4 1.2 11 0.681
31years or more 10 0.92 0.63 2.0 0.8 0.7

*: Kruskal Wallis test. SD: Standard Deviation. Me: Median. IR: Interquartile Range.
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Table 2. Comparison of the dimensions of the upper jaw between
the different age groups, according to sex.

Male (n=14) Female (n=16) MF Comparison
Maxilla Age groups n Mean SD Me p-value® n Mean SD Me p-value® p-value*™
dimensions
1**premolar  Upto14years 4 1030 6.08 10.60 6 6.20 5.44 6.00 0.286
bone tissue 15to 30 years 5 11.20 396 10.80 0.476 5 776 2.81 6.40 0.317 0117
31yearsormore 5 856 4.06 6.40 5 312 439 0.00 0.117
‘tpremolar  Upto14years 4 590° 2.00 5.80 6 3.60 1.00 0.00 0.008
soft tissue 15to 30 years 5 176 143 120  0.029 5 272 171 200 0.108 0.395
31yearsormore 5 3.52° 264 2.80 5 2.00 217 2.00 0.399
2"premolar  Upto14years 4 6.20 4.45 7.20 6 4.40 3.00 6.00 0.234
bone tissue 15 to 30 years 5 880 319 7.60 0.678 5 6.40 080 6.40 0.588 0.034
31yearsormore 5 7.04 3.27 6.00 5 632 134 6.00 0.915
Z”dpremolar Up to14 years 4 0.60 0.52 0.60 6 127 197 0.40 0.912
soft tissue 15to 30 years 5 048 0.72 0.00 0.822 5 104 119 0.80 0.998 0.432
31yearsormore 5 0.88 118 0.40 5 088 0487 120 0.913
1**molar Up to14 years 4 620 174 6.60 6 547 3.08 7.00 0.668
bone tissue 15to 30 years 5 6.09 162 6.40 0.763 5 5.44 1.61 5.20 0.845 0.675
31yearsormore 5 5.44 213 5.60 5 6.00 256 5.60 0.834
1**molar Up to14 years 4 110 0.20 1.20 6 0.60 070 0.40 0.264
soft tissue 15to 30 years 5 040 0.40 0.40 0.080 5 072 100 0.00 0958 0911
31yearsormore 5 136 096 1.60 5 072 0.72 0.80 0.242
2" molar Upto14years 4 6.80 135 7.40 6 4.47 3.23 5.40 0.238
bone tissue 15 to 30 years 5 632 218 6.40 0.643 5 6.48 197 720 0.572 0.834
31yearsormore 5 552 236 6.40 5 592 156 6.40 0.916
2" molar Upto14years 4 030 0.60 0.00 6 207 259 140 0.077
soft tissue 15to 30 years 5 160 0.63 160 0.053 5 072 072 0.80 0.408 0.091
31yearsormore 5 112 0.52 0.80 5 072 072 0.80 0.448

*1 Kruskal Wallis test. **: Different superscript letters indicate difference (Mann-Whitney U). SD: Standard Deviation.

Me: Median.

Likewise, statistically significant differences
were found in the thickness of the soft tissue
(p=0.029) between the group up to 14 years old
and the group from15 to 30 years old, where the
latter showed lower thickness with 1.76 +/- 1.43

mm (Table 2).

DISCUSSION

Mini-implant-assisted for RME, or MARPE,
is a means of expanding basal bone without
surgical intervention in adolescent patients™

and young adults,® which has been shown to

be a treatment modality that is associated
with a high success rate in maxillary expan-
sion, skeletal and dental,” which is why it is
important to know how the dimensions of the
maxilla are manifested, in the palatal region,
where the mini-implants intended to be used
with MARPE are placed.

The findings of the present study showed no
evidence of differences in the dimensions
of the upper jaw for the insertion of rapidly
expanding mini-implants between the age
groups studied; however, the dimensions de-

creased from the first premolar to the second
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molar in a similar way to that reported by Oh
et al.,?® while those of soft tissue were more
homogeneous, agreeing with Yadav et al.*
Although the age groups studied were con-
structed based on what was reported by
previous studies,™#'¢2%2 the possibility of
conducting more studies should be taken
into account considering different age gro-
ups or other characteristics such as types of
dentition, the stages of growth, dental cal-
cification, skeletal age or biological age and
not just chronological age.

It was identified that the areas with the
greatest bone height in the group up to 14
years of age ranged between 5.12 +/- 3.53 mm
at the level of the second premolar and 7.84
+/- 5.76 mm at the level of the first premolar,
which is why they could be considered that the
most favorable dimensions of mini-implants
in young people could range between 5 to
8 mm. The dimensions of the soft tissue
ranged between 0.80 +/- 0.60 mm at the
level of the first molar and 2.72 +/- 3.06 mm
at the level of the first premolar, important
information to take into account the length of
the transmucosal region of the mini-implant
to be used with the MARPE, from which it
follows that mini-implants with a smaller
transmucosal area would be required in the
molar region than for the premolar region.
Regarding the areas of greatest bone thick-
ness in the group aged 31 years or older, they
ranged between 5.72 +/- 1.90 mm at the level
of the second molar and 9.48 +/- 3.71 mm at
the level of the first premolar; while the di-
mensions of the soft tissue ranged between
0.56 +/- 0.74 mm at the level of the first molar
and 2.76 +/- 2.42 mm at the level of the first

premolar, coinciding with the studies of

Mallick et al.,**with similar values.

On the other hand, Hu et al,* states that
between the second premolars and the first
molar were the areas between which most of
the values were concentrated.

The bone tissue measurements in patients
in the 15 to 30 year old group recorded the
highest measurements in P1, P2, M1 and M2,
followed by the second age group of 31 years
and older, except for P1 in the group up to
14 years old, where it recorded to a greater
extent, coinciding with the study by Lyu et
al.,” where the hard tissue was thickest in P1,
followed by the planes of P2, M1 and M2, while
the thickness of the soft tissue was similar in
the four planes.®

Differences were recorded in P1 for soft tissue
in the group up to 14 years old between males
and females, and in P2 for hard tissue in the
group from 15 years to 30 years between males
and females. In both cases, larger dimensions
were observed in men than in women, similar
to what was reported by Berwing et al.,"* who
found larger dimensions in men than in wo-
men in both the first and second premolars.
On the other hand, Eslami et al.," stated that
there are no differences in the height of the
palate and in the molar area between men
and women, coinciding with this study in the
area of M1 and M2.

Yu et al,** and Ning et al.** stated that the
palatine bone was thicker in men than in
women and that there were no sexrelated
differences in the posterior palate. There
was a trend for thickness to decrease in the
poszterior direction, but less pronounced in
women. These results differ from the present
study since in the measurements carried out

no differences were found according to sex at
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the level of the entire bone tissue, but only in
the group of 15 to 30 years at the level of the
second premolar.

At the level of the palatal soft tissue, the dime-
nsions were greater in men than in women on-
ly in the group up to14 years of age, at the level
of the first premolar, which differs from what
was reported by Yu et al.,*® who found such
differences in all the positions.

The present study was a single-center retros-
pective cross-sectional study, so its sample
size, despite having been carried out with
1260 tomographic slices, could be considered
restricted and become a limitation, making
it necessary to carry out similar prospective
studies in other populations, with multicenter
approach and with larger samples, a last as-
pect of greatimportance since it can affect the
results significantly, which is why the findings
of the present study should be taken with
caution.

However, it is the first time that tomographic
measurements of the hard palate and soft
tissue have been reported in a sample with
characteristics specific to the region, aimed
at the use of MARPE, a device that has shown
promising expansion results mainly in adults.?¢
Selection of the appropriate length of the
mini-zimplant for the use of MARPE is an im-
portant factor in obtaining good anchorage.
The results of the present study show that the
lengths of the mini-implants for all groups
could be around 9 mm at the premolar level
and around 5 mm at the molar level, with
transmucosal zones, for soft tissue, close to 3
mm in pre-molars and 1 mm in molars. These
reference data are important and could be

considered as a basis to more accurately iden-

tify more personalized values in each patient
with their own planning tomography.

Likewise, itisimportantto consider the greater
thickness of some dimensions in men, espe-
cially at the level of premolars. It is relevant
to also take into account the presence of other
factors forthe success of maxillary disjunction,
such as stationary quality, insertion sites,
placement procedure, immediate or early
loa-ding assignment, minimum compliance
with indications by of the patient, the
characteristics of the oral mucosa, the state of
health of the organism and the quality of oral

hygiene.

CONCLUSION

The dimensions of the bone and soft tissue
of the upper jaw, evaluated vertically for the
installation of mini-implants, were similar in
all the age groups studied, with larger dimen-
sions in men than in women at the premolar
level. The dimensions of the maxilla for the
palatal miniimplants were close to 9 mm in
bone tissue and 3 mm of soft tissue at the level
of premolars and 5 mm in hard tissue with 1

mm of soft tissue at the level of molars.
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