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Introduction: This study aimed to investigate the relationship between bone density and quantity at the insertion
sites of palatal miniscrews and skeletal maturation—evaluated with the middle phalanx maturation method—in
growing patients. Methods: Sixty patients were analyzed as having a staged third finger middle phalanx radio-
graph and a cone-beam computed tomography of the maxilla. On the cone-beam computed tomography, a grid
was designed to parallel the midpalatal suture (MPS) and posterior to the nasopalatine foramen, both on the
palatal and lower nasal cortical bones. Bone density and thickness were measured at the intersections, and
medullary bone density was also calculated. Results: Of patients in MPS stages 1-3, 67.6% showed a mean
palatal cortical thickness of\1mm, whereas in 78.3% of the patients in stages 4 and 5, it was.1mm. The nasal
cortical thickness showed a similar trend (MPS stages 1-3: 62.16%\1 mm; MPS stages 4 and 5: 65.2% .1
mm). There was a significant difference in the density of the palatal cortical bone between MPS stages 1-3
(1272.05 6 191.13) and stages 4 and 5 (1572.33 6 274.89) and in nasal cortical density between MPS stages
1-3 (1428.096 198.97) and stages 4 and 5 (1597.976 267.75) (P\0.001). Conclusions: This study revealed
a correlation between skeletal maturity and maxillary bone quality. MPS stages 1-3 have lower palatal cortical
bone density and thickness but high nasal cortical bone density values. MPS stage 4 and, even more, stage
5 show increasing palatal cortical bone thickness and palatal and nasal cortical bone density values. (Am J
Orthod Dentofacial Orthop 2023;-:---)
Palatal miniscrews have gained increasing popu-
larity1-3 in modern orthodontics. Miniscrews are
skeletal devices that enhance biomechanics

during orthodontic treatments, providing absolute
anchorage.4 Compared with other insertion sites, the
palatal area is considered safer because noble structures
such as nerves and arteries are absent.5 A thick kerati-
nized mucosa makes it a more reliable insertion site for
nonkeratinized mucosa.6,7 All of these factors contribute
to lower failure rates for palatal insertion.8

Bone density and quantity at the palatal insertion
sites have been investigated in cone-beam computed to-
mography (CBCT) and computed tomography (CT) scans
mainly in adult patients,9-11 showing that better bone
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quality can be found 3-6 mm paramedian to the
suture and 6-9 mm distal to the incisal foramen.11

Because most orthodontic treatments are performed
in adolescents, some authors also investigated bone vol-
ume in growing patients,12,13 whereas others compared
CBCT scans of adults and adolescents to assess age dif-
ferences in bone quality. Farnsworth et al14 compared
CBCT images of 26 adolescents and 26 adults, finding
mean cortical thickness values of 1.25 6 0.28 mm,
1.07 6 0.28 mm, 0.98 6 0.39 mm, respectively, at 3,
6, and 9 mm dorsal and 3 mm lateral to the incisive fo-
ramen. The authors found a higher bone thickness in
adult patients, concluding that age-related differences
in cortical bone thickness could be related to hormonal
factors15 and increased muscular activity.16-19 In
contrast, Han et al20 compared 60 adolescents and 60
adults to assess age differences in cortical and cancellous
bone density. In this study, adults showed a significantly
higher density (816 6 15 Hounsfield units [HU]) than
adolescents (606 6 14 HU). Similarly to cortical bone,
cancellous bone showed a significantly higher bone den-
sity in adults (1546 7 HU) than in adolescents (1356 5
HU).
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2 Braga et al
However, these studies based their patient’s selection
on chronological age, which has previously been proven
unreliable growth markers.21-23 The third finger middle
phalanx maturation (MPM) method is a reliable
alternative to assess skeletal age. This system has
gained popularity among orthodontists because
minimal radiation exposure and easy execution and
interpretation allow for close monitoring of the
ossification events.24 The MPM method is a consistent
growth indicator with good diagnostic accuracy in iden-
tifying the mandibular growth peak.24,25

Therefore, this study investigated the relationship be-
tween bone quality at the palatal insertion sites and skel-
etal maturation evaluated with the MPM method in
growing patients. The long-term goal is to gain some
insight into the influence of bone quality on the stability
of miniscrews placed in the palate of growing patients
and to understand some possible clinical implications
and indications for a bicortical insertion. The null hy-
pothesis is that there is no relationship between bone
quality, represented by density and thickness, and skel-
etal maturation stages.

MATERIAL AND METHODS

The database of the Orthodontics Section of the
Department of Medical, Surgical, and Health Sciences
of the University of Trieste (Italy) was screened, consid-
ering files collected between January 2015 and
December 2021. The sample for this study included sub-
jects seeking orthodontic treatment whose signed
informed consent was obtained; the protocol was re-
viewed and approved by the Ethical Committee of the
University of Trieste (protocol code no. 122, approved
May 23, 2022).

The following inclusion criteria were applied: (1)
aged 8-16 years, (2) absence of anomalies in the maxil-
lary region, (3) good general health, and (4) no history of
trauma in the maxillary region. In contrast, the following
exclusion criteria were applied: (1) radiographs of poor
diagnostic quality, (2) subjects with known craniofacial
(or other) conditions or syndromes, (3) scans with palatal
impacted permanent teeth in the quadrant measured,
and (4) previous orthodontic treatment.

For each subject, a third finger middle phalanx radio-
graph was taken as part of the routine clinical recording,
and a CBCT (Hyperion X9; My-Ray, Imola-Bo, Italy) was
taken as a second-level diagnostic investigation to eval-
uate the position of impacted teeth or the insertion sites
for palatal miniscrews. For each patient, the right quad-
rant of the maxilla was chosen, and whenever the scans
presented unerupted teeth on the right side of the
maxilla, the left quadrant was analyzed. Only 1 side of
- 2023 � Vol - � Issue - American
the maxilla was considered, according to the literature’s
suggestion that there are no significant differences in
cortical thickness and bone density between the 2
sides.9,26-28

A total of 60 patients were selected. The mean age of
the sample was 12.256 1.82 years. Of these 60 patients,
11 were staged midpalatal suture (MPS) stage 1 (mean
age 10.27 6 1.42 years), 14 were MPS stage 2 (mean
age 11.21 6 1.31 years), 12 were MPS stage 3 (mean
age 12.92 6 0.79 years), 10 were MPS stage 4 (mean
age 12.80 6 1.13 years), and 13 were MPS stage 5
(mean age 14.00 6 1.53 years). CBCT (60-90 kV; 4-10
mA; 0.5 mm voxel size; scan time 18 s; and field view
of nomore than 108mm3 80mm, 1083 50mm) scans
were imported into a medical image viewer (version
3.3.6; Horos Open-Source Medical Image Viewer) to
analyze digital imaging and communications in medi-
cine files. Before the measurements, each site was ori-
ented in all 3 planes of space (Fig 1). The nasopalatine
foramen and the MPS were chosen as radiographic land-
marks for the analysis. A grid was designed with 3 lines 3,
6, and 9 mm lateral and parallel to the MPS and 3
perpendicular lines 3, 6, and 9mm dorsal to the posterior
limit of the nasopalatine foramen, as previously
described by Ludwig et al.5 The same grid was drawn
on the nasal cortical plane (Figs 2-3). The intersection
points were evaluated, and bone density and thickness
were measured at each of the 9 points of the oral and
nasal cortical bones. To account for the lack of
homogeneity of the trabecular bone, the medullary
bone density was calculated as the mean bone density
of a region of interest. Lines connecting the
corresponding points of the 2 grids were drawn on the
oral and nasal cortical plates. Horos software
calculated the mean bone density for each line (Fig 4).
Bone density was calculated in gray density units, and
all CBCT scans were performed by the same CBCT scan
machine (Hyperion X9) with the same settings for all pa-
tients. The MPM stage was evaluated for each third
finger middle phalanx radiograph according to the
stages described by Perinetti et al25 (Table I; Fig 5).

Statistical analysis

The sample size of 11 subjects per group was calcu-
lated to detect an effect size of 1.3 in the difference be-
tween 2 independent means in palatal cortical density
between MPS stages 1-3 and 4 and 5.

The thickness and density values of the 9 points
considered in each region were averaged. After verifying
the required assumption for sample normality with the
Shapiro-Wilk test, intergroup differences in palatal and
nasal cortical density and medullary density were
Journal of Orthodontics and Dentofacial Orthopedics



Fig 1. Before measurement, each site was oriented in all 3 planes of space. The sagittal axis was ori-
ented according to the MPS, whereas the frontal and the transversal axes were oriented parallel and
perpendicularly to the anterior palatine vault in the palatal rugae area in which miniscrews are usually
positioned. MPS, midpalatal suture.

Fig 2. The axial slice defined 3 points 3, 6, and 9 mm to the midline. The sagittal slice was then moved
3, 6, and 9 mm.
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evaluated using the independent sample t test, whereas a
1-way analysis of variance (ANOVA) test with Tukey’s
correction was used to evaluate the effects of skeletal
maturation on palatal cortical and medullary density
and nasal cortical density. A chi-square test of indepen-
dence was performed to assess the relationship between
palatal and nasal cortical thickness and MPM stages, us-
ing a thickness cutoff of 1 mm.29 A paired-sample t test
was performed to assess the significance of the differ-
ence between palatal and nasal cortical density for
MPM stages from MPS stages 1-5. Finally, the Pearson
correlation coefficient was calculated to correlate oral
American Journal of Orthodontics and Dentofacial Orthoped
and nasal cortical density values to their third finger
middle phalanx values. All data were analyzed with
Jasp (version 0.16.1.0; Jasp Team 2022, Department
of Psychological Methods, University of Amsterdam,
Amsterdam, The Netherlands, www.jasp-stats.org/),
and a significance level of 5% was considered for all
tests. Repeatability analysis was performed on a subset
of 30 samples randomly chosen and assessed at 2
different time points by the 2 raters (C.B., C.C.). After
testing the existence of a normal distribution of the da-
tasets, the intraclass correlation coefficient (ICC) was
used for the analysis. A 2-way random-effect model
ics - 2023 � Vol - � Issue -
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Fig 3. For each sagittal slice, points at 3, 6, and 9 mm dorsal to the nasopalatine foramen were eval-
uated on the oral and nasal cortical bones.

Fig 4. The software measured medullary bone density, which calculated the mean bone density (gray
density units) in vertical lines through the corresponding points of the 2 grids.
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based on single ratings and absolute agreement assessed
the interrater repeatability, and a 2-way mixed-effect
model based on a single rating assessed the intrarater
repeatability for rater 1. Mean values and 95% confi-
dence intervals (CI) were reported. The interpretation
was as follows: poor, \0.50; fair, 0.50-0.75; good,
0.75-0.90; and excellent, .0.90.

Maximal rates of bone mineral accrual follow height
peak by approximately 6-12 months.30 Consequently, at
the peak in height, patients reach approximately 90% of
their adult height, but they have acquired only 60% of
their adult total body mineral content, resulting in rela-
tively less mineralized bone.30,31 Therefore, patients
were grouped between MPS stages 1-3 (patients before
the growth peak and in the ascending phase of the peak
spurt) and stages 4 and 5 (after the growth peak and at
the end of the pubertal growth spurt).
- 2023 � Vol - � Issue - American
RESULTS

The ICC for intrarater repeatability is considered
excellent for all measurements analyzed, being 0.96
(0.92-0.98) for oral cortical density, 0.97 (0.95-0.99)
for nasal cortical density, 0.97 (0.96-0.98) for medullary
density and 0.93 (0.89-0.95) for cortical thickness. For
interrater reliability, the ICC was excellent for oral
cortical density 0.96 (0.92-0.97), nasal cortical density
0.97 (0.94-0.98), medullary density 0.97 (0.96-0.98),
and good for cortical thickness 0.86 (0.79-0.91).

Table II shows the mean values (95% CI, standard de-
viation, and minimum and maximum value) of the
palatal and nasal cortical thickness divided according
to the MPM stage (Table II).

Assessment of the relationship between MPS stages
1-3 and 4 and 5 and cortical thickness using the chi-
square test showed a significant relationship between
Journal of Orthodontics and Dentofacial Orthopedics



Table I. Description of the stages of the third finger middle phalanx maturation (MPM) method according to Perinetti
et al19

MPS stage Attainment
1: Epiphysis is narrower or as wide as the metaphysis, but both lateral borders
are tapered and rounded. Epiphysis and metaphysis are not fused

.1 y before the mandibular growth peak

2: Epiphysis is at least as wide as the metaphysis, with sides increasing
thickness and showing a clear line of demarcation at a right angle. In case
of asymmetry between the 2 sides, the more mature side is used to assign
the stage

1 y before the mandibular growth peak

3: Epiphysis is either as wide as or wider than the metaphysis, with lateral
sides showing an initial capping toward the metaphysis. Epiphysis and
metaphysis are not fused

Coincidental with the mandibular growth peak

4: Epiphysis begins to fuse with the metaphysis, but the contour is still
recognizable

After the mandibular growth peak

5: Epiphysis is fused with the metaphysis At the end of a pubertal growth spurt

MPS, midpalatal suture.

Fig 5. Clinical example of the stages of the third finger MPM method according to Perinetti et al.25

MPS, midpalatal suture; MPM, middle phalanx maturation.
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the 2 variables both for palatal cortical thickness (c2 [1,
n5 60]5 11.92, P\0.001), and for nasal cortical thick-
ness (c2 [1, n 5 60)] 5 4.26, P\0.04) (Table III).

Comparing the effect of skeletal maturity using the
MPM method on mean palatal cortical density, ANOVA
tests revealed that there was a statistically significant
difference in mean density between at least 2 groups
(F[4, 55] 5 [6.93], P \0.001). Tukey’s honest signifi-
cance test for multiple comparisons found that the
mean value of palatal cortical density was significantly
different between MPS stage 1 and 5 (95% CI 5
�649.72 to �125.53; P 5 0.001), between MPS stage
2 and 5 (95% CI, �620.98 to �128.16; P 5 0.001),
and between MPS stage 3 and 5 (95% CI, �594.74 to
�82.52; P 5 0.004). There were no statistically
American Journal of Orthodontics and Dentofacial Orthoped
significant differences in mean palatal cortical density
between the other stages (Table IV).

An independent samples t test revealed a significant
difference in the density of the palatal cortical between
MPS stages 1-3 (1272.05 6 191.13) and 4 and 5
(1572.33 6 274.89) (t[degrees of freedom (df)] 5
58.00); P\0.001), and also in palatal medullary density
between MPS stages 1-3 (639.476 223.37) and 4 and 5
(775.61 6 305.82) (t[df] 5 58.00; P 5 0.05).

Regarding the relationship between skeletal maturity
and mean nasal cortical density, a 1-way ANOVA re-
vealed a statistically significant difference in mean den-
sity between at least 2 groups (F[4,55] 5 3.50; P 5
0.013). Tukey’s honest significance test for multiple
comparisons found that the mean value of nasal cortical
ics - 2023 � Vol - � Issue -



Table II. Descriptive statistics for palatal and nasal
cortical thickness divided according to MPM stage

Variables Mean 6 SD Minimum Maximum
95%
CI

Palatal cortical
thickness (mm)
MPS 1 0.98 6 0.14 0.84 1.31 0.88-

1.07
MPS 2 0.94 6 0.15 0.69 1.27 0.85-

1.03
MPS 3 0.92 6 0.20 0.75 1.47 0.80-

1.05
MPS 4 1.14 6 0.21 0.82 1.55 0.99-

1.30
MPS 5 1.11 6 0.26 0.74 1.60 0.95-

1.27
Nasal cortical
thickness (mm)
MPS 1 1.04 6 0.12 0.92 1.28 0.96-

1.12
MPS 2 0.95 6 0.13 0.77 1.27 0.87-

1.03
MPS 3 0.93 6 0.19 0.62 1.21 0.81-

1.04
MPS 4 1.07 6 0.15 0.81 1.35 0.95-

1.18
MPS 5 1.00 6 0.22 0.59 1.39 0.87-

1.14

SD, standard deviation;MPS, midpalatal suture;MPM, middle pha-
lanx maturation.

Table III. Contingency tables for palatal and nasal
cortical thickness grouping MPS stages 1-3 and 4
and 5 and using a thickness cutoff of 1 mm

Variables Thickness Total
Palatal cortical thickness \1 .1
MPS 1-3
Count 25 12 37
% 67.6 32.4 100

MPS 4 and 5
Count 5 18 23
% 21.7 78.3 100

Total
Count 30 30 60
% 50.0 50.0 100

Nasal cortical thickness
MPS 1-3
Count 23 14 37
% 62.16 37.8 100

MPS 4 and 5
Count 8 15 23
% 34.8 65.2 100

Total
Count 31 29 60
% 51.7 48.3 100

MPS, midpalatal suture.

Table IV. Descriptive statistics for palatal cortical den-
sity according to MPM stage

Variables Mean 6 SD Minimum Maximum 95% CI
MPS 1 1251.22 6 247.40 908.11 1620.67 1085.02-

1417.43
MPS 2 1264.28 6 167.35 987.55 1501.22 1167.65-

1360.91
MPS 3 1300.21 6 171.58 998.00 1643.89 1191.20-

1409.23
MPS 4 1485.85 6 217.70 1139.44 1900.55 1330.12-

1641.59
MPS 5 1638.85 6 303.25 1113.44 2096.89 1455.59-

1822.10

SD, standard deviation; MPM, middle phalanx maturation; MPS,
midpalatal suture.

Table V. Descriptive statistics for nasal cortical den-
sity according to MPM stage

Variables Mean 6 SD Minimum Maximum 95% CI
MPS 1 1424.13 6 153.32 1112.78 1645.44 1321.13-

1527.13
MPS 2 1379.83 6 182.96 996.89 1675.33 1274.19-

1485.47
MPS 3 1488.01 6 248.48 1034.33 1990.55 1330.13-

1645.88
MPS 4 1489.63 6 112.18 1305.44 1633.11 1409.38-

1569.88
MPS 5 1681.30 6 323.56 1156.11 2237.00 1485.77-

1876.82

SD, standard deviation; MPM, middle phalanx maturation; MPS,
midpalatal suture.
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density was significantly different between MPS stage 1
and 5 (P 5 0.05; 95% CI, �514.06 to �0.27), between
MPS stage 2 and 5 (95% CI, �542.99 to �59.94; P 5
0.007). There were no statistically significant differences
in mean palatal cortical density between the other stages
(Table V).

An independent samples t test revealed a significant
difference in nasal cortical density between MPS stages
1-3 (1428.09 6 198.97) and 4 and 5 (1597.97 6
267.75) (t[df] 5 58.00; P\0.001).

Comparing the effect of skeletal maturity using the
MPMmethod on the mean density of the palatal medul-
lary bone, ANOVA tests did not reveal statistically signif-
icant differences in mean density between any of the
groups (Table VI).

According to the Pearson correlation coefficient,
there was a positive correlation between both the oral
and nasal cortical density and MPM stages (oral cortical
Journal of Orthodontics and Dentofacial Orthopedics



Table VI. Descriptive statistics for palatal medullary density according to MPM stage

Variables Mean 6 SD Minimum Maximum 95% CI
MPS 1 639.64 6 214.14 320.22 881.00 495.78-783.49
MPS 2 571.01 6 201.90 200.44 978.22 454.44-687.59
MPS 3 719.18 6 246.02 318.00 989.11 562.86-875.49
MPS 4 722.64 6 274.30 360.11 1189.78 526.42-918.87
MPS 5 816.35 6 333.01 378.00 1539.78 615.11-1017.59

SD, standard deviation; MPM, middle phalanx maturation; MPS, midpalatal suture.

Fig 6. Mean oral cortical bone density vs mean nasal cortical bone density (gray density units).
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density: r [58]5 0.54, P\0.001; nasal cortical density:
r [58] 5 0.39, P 5 0.002).

Finally, paired-sample t tests revealed a significant
difference in mean density between palatal cortical
and nasal cortical for MPS stage 1 (palatal: 1251.22 6
247.40; nasal: 1424.13 6 153.32) (P 5 0.05), stage 2
(palatal: 1264.28 6 167.36; nasal: 1379.83 6 182.96)
(P \0.001), and stage 3 (palatal: 1300.21 6 171.58;
nasal: 1488.01 6 148.48) (P 5 0.03). No statistical dif-
ferences were found for MPS stages 4 and 5 (Fig 6).

DISCUSSION

Bone quality is an important factor affecting dental
implants and miniscrews: bone density and cortical
thickness are key factors in primary stability.8,29,32,33 A
CT scan is commonly used for quantitative and qualita-
tive preoperative evaluation of bone quality, and the HU
is used to objectively determine bone density.34-36 The
recent introduction of CBCT imaging has
revolutionized oral and maxillofacial imaging,36 because
good spatial resolution, dimensional accuracy, and gray
density range and contrast are now achievable with
cheaper protocols that provide a lower radiation
dose.37 However, unlike CT, the gray density values of
CBCT images (voxel value) are not absolute, differing
American Journal of Orthodontics and Dentofacial Orthoped
from one x-ray device to another.37 Therefore, the values
should not be considered absolute, but because CBCT
scans evaluated in this study were taken by the same
CBCT unit, a qualitative assessment of the bone density
trend throughout the different stages was possible.
Furthermore, to date, the literature has not given a CT
HU reference value to predict the primary stability of
the miniscrew.

Cortical thickness has been related to the primary sta-
bility of miniscrews and implants.38-43 Cortical bone
thickness of at least 1 mm has proven to be a key
factor in primary stability and is considered by some
authors to be sufficient to guarantee the primary
stability of miniscrews.42 In contrast, many studies
have shown a correlation between the primary stability
of miniscrews and cortical29 and cancellous bone
density.44

This study measured and divided palatal and nasal
cortical thickness according to the patients’ MPM stage
from 1 to 5 (Table II). The mean thickness of the palatal
cortical was \1 mm in MPS stages 1-3, whereas it
was.1 mm in stages 4 and 5. A similar trend was found
for mean nasal cortical thickness values. These results
appear to be consistent with bone mineral accrual trend
in growing patients30,45 and with clinical findings of
ics - 2023 � Vol - � Issue -
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increased skeletal maturation in postpubertal subjects
(MPS stages 4 and 5), whereas prepubertal subjects
(MPS stage 1 and 2) and early pubertal subjects (MPS
stage 3) usually show lower degrees of skeletal growth.

A grouping of stages (MPS 1-3 and 4 and 5) were per-
formed to evaluate cortical thickness on the basis of the
clinical experience of different levels of skeletal matura-
tion between prepubertal and postpubertal patients
(Table III). Two thirds of the patients in MPS stages 1-
3 (67.6%) showed a mean palatal cortical thickness
of\1 mm, whereas 78.3% of the patients in MPS stages
4 and 5 showed a mean palatal cortical thickness .1
mm. The nasal cortical thickness showed a similar trend,
with a lower discrepancy between MPS stages 1-3
(62.16%\1 mm) and 4 and 5 (65.2% .1 mm).

The mean palatal and nasal cortical density were also
measured, using gray units as a unit of measure. Mean
values were calculated for patients in MPS stages 1-5
(Table III). The palatal cortical density showed a growing
trend from MPS stages 1 to 5. MPS stages 1-3 showed
similar values, whereas MPS stage 4 showed a significant
increase and stage 5 even higher. There was a significant
difference in the density of the palatal cortical between
MPS stages 1-3 (1272.05 6 191.13) and stages 4 and
5 (1572.336 274.89) (P\0.001). Once again, these re-
sults are consistent with bone mineral accrual trends in
growing patients30,45 and with clinical findings of
greater skeletal maturation in postpubertal subjects
(MPS stages 4 and 5). The nasal cortical density showed
similar values in MPS stages 1-4, whereas a significant
increase was observed in stage 5 (Table V). There was a
significant difference in nasal cortical density between
MPS stages 1-3 (1428.09 6 198.97) and stages 4 and
5 (1597.97 6 267.75) (P\0.001).

Mean palatal medullary density was also evaluated
(Table VI). Great standard deviation values were found,
with great differences between values in patients in
the same MPS stage and within the same patient. A 1-
way ANOVA test revealed no statistically significant dif-
ferences in mean density between groups.

The mean palatal and nasal cortical density was
compared in each MPS stage (Fig 6). A significant differ-
ence was found in MPS stages 1-3 (P\0.05), whereas
no statistical differences were found for stages 4 and 5.

This study has some limitations. First, no grouping
based on sex or skeletal type (brachyfacial vs dolichofa-
cial) was performed. Differences between sexes, espe-
cially in postpubertal patients, could be expected.
Similarly, brachyfacial patients could show higher
cortical bone density and thickness values. Therefore,
these differences could be investigated in future studies.
Furthermore, bone density was measured in gray density
units. This unit of measure is not absolute and can differ
- 2023 � Vol - � Issue - American
from 1 CBCT unit to another,37 so results from this study
are not directly comparable with other values present in
the literature. Nevertheless, because all the CBCT scans
were taken by the same CBCT unit, a qualitative assess-
ment of the bone density trend throughout the different
maturation stages was possible. Furthermore, to date,
the literature has not given a CT HU reference value to
predict the primary stability of miniscrews.

The results of this study have multiple clinical impli-
cations. The marked increase in palatal cortical thickness
and density found for MPS stages 4 and 5 suggest a
higher probability of primary stability in these patients,
whereas patients in MPS stages 1-3 are expected to
show a lower success rate. To overcome the risk of min-
iscrew failure because of the inferior thickness and qual-
ity of the palatal cortical bone found in subjects at MPS
stages 1-3, a solution could be found in the density of
the nasal cortical bone. The results of this study show
a significant difference between the nasal cortical bone
density and the palatal cortical bone density, with higher
mean values in MPS stages 1-3. This suggests that a bi-
cortical insertion might be indicated in prepubertal pa-
tients to increase primary stability, especially when
higher orthodontic forces are required. Furthermore,
cortical drilling does not appear to be recommendable,
as it could increase the risk of failure in these patients.

In contrast, bicortical insertion can be challenging
during miniscrew insertion, especially in late adolescents
and young adults because of high insertion torque. This
clinical finding appears to be sustained by the results of
this present study: higher palatal (1639.85 6 303.25)
and nasal (1681.30 6 323.56) cortical bone density is
found in patients in MPS stage 5. The current literature
has not investigated the thickness and density of the
nasal cortical bone: the miniscrew design and resistance
to insertion torque for patients in MPS stage 5 requiring
a bicortical insertion could be revised considering the
findings of high nasal cortical density.

Furthermore, these results might also be useful for
the orthodontic treatment planning of other conditions
and procedures than miniscrews insertion. For example,
knowing that the cortical bone density is lower in sub-
jects at MPS stages 1-3 could validate an earlier inter-
vention in the treatment of impacted teeth, preventing
the development of abnormal root morphology because
of the obstruction of the alveolar bone.46
CONCLUSIONS

� MPS stages 1-3 show lower palatal cortical bone den-
sity and thickness degrees, whereas nasal cortical
bone density shows higher values.
Journal of Orthodontics and Dentofacial Orthopedics
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� MPS stages 4 and 5 show higher degrees of palatal
and nasal cortical bone density and thickness, with
stage 5 presenting the highest values for all the vari-
ables.

� Medullary bone density shows great standard
deviation values with great differences among values
between patients in the same MPS stage and
within the same patient; no conclusive results were
found.
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