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BACKGROUND: Orthodontic miniscrews are commonly used as tem-
porary anchorage devices. Bone thickness and bone depth are impor-
tant factors when placing miniscrews. There are no studies to assess
the maxillary bone thickness for optimum miniscrew placement in a
Saudi population.

OBJECTIVE: Assess the proximity of the maxillary sinus and nasal cavity
in areas where miniscrews are usually inserted using cone beam com-
puted tomography (CBCT).

DESIGN: Retrospective, cross-sectional.

SETTING: Department of maxillofacial radiology in a Saudi dental
school.

PATIENTS AND METHODS: Using CBCT images, we measured the
distance between the maxillary sinus and nasal cavity to the palatal
bone, buccal intra-radicular and infrazygomatic crest areas. Mean val-
ues (SD) were compared at various locations, including by gender, and
correlation with age was calculated.

MAIN OUTCOME MEASURE: Mean bone thickness at commonly used
sites for orthodontic miniscrew placements in the maxilla. Secondary
outcome was the insertion angle in the infrazygomatic crest area.
SAMPLE SIZE: CBCT images of 100 patients (50 males and 50 females).
RESULTS: The mean (standard deviation) age for the sample was 25.4
(6.5) years with no significant difference between males and females.
In the palate, the distance to the nasal cavity and maxillary sinus was
greater anteriorly and decreased significantly posteriorly (P<.001).
Buccally, the interdental bone depth was significantly greater between
the second premolar and first molar (11.96 mm) compared to between
the central and lateral incisors (7.53 mm, P<.001). The mean bone thick-
ness of the infrazygomatic crest area at a 45° insertion angle was 4.94
mm compared to 3.90 at a 70° insertion angle (P<.001). No correlation
was found between age and bone thickness.

CONCLUSION: The distance to the nasal cavity and maxillary sinus
was greater in the anterior than posterior areas. There is minimal risk
of injuring the maxillary sinus or nasal cavity using the buccal approach.
Caution is needed when placing miniscrews in the infrazygomatic crest
area.

LIMITATIONS: Cross-sectional study from one center; hence, findings
cannot be generalized to other populations.

CONFLICT OF INTEREST: None.
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nchorage consideration during orthodontic
treatment with fixed appliances, especially in
extraction cases, is critical.” Anchorage may be-
come challenging due to a reduced number of teeth
or periodontal disease; hence, the need for additional
extra- or intraoral anchorage is essential.”® During the
last two decades, the use of miniscrews as temporary
anchorage devices has become common in orthodon-
tic practice due to reduced treatment time, minimal
patient compliance, minor surgical procedure and high
patient acceptance.?*¢ These miniscrews can be in-
serted in many areas of the alveolar bone and can with-
stand immediate loading, therefore increasing orth-
odontic anchorage.*”# The site and position of minis-
crews depends on the quality and quantity of bone.”"
Common miniscrew insertion sites in the maxilla include
the buccal aspect, the palate and the infrazygomatic
crest.'3101215 The palate is considered an ideal site for
placement of miniscrews because of the quality of cor-
tical bone, availability of keratinized mucosa and low
failure rates.'*'®20 Recently, the infrazygomatic crest,
which is a cortical bony ridge that is clinically palpable
between the zygomatic and alveolar processes, has
been considered an alternative site for miniscrew an-
chorage.?’?? The palate and infrazygomatic crest have
an advantage over the buccal approach because mini-
screws inserted in these locations are far from the roots
and will not interfere during tooth movement.'202
An important factor when placing miniscrews for
orthodontic purposes is bone thickness at the inser-
tion site. Enough bone should be available to insert
the miniscrew with the required length to avoid max-
illary sinus or nasal cavity perforation. Poggio et al.*
found that the buccal area between the first molar
and the second premolar had the greatest amount of
bone while the tuberosity area had the least amount
and thickness of bone. Laursen et al’ studied the mini-
screw buccal insertion angle in human cadavers. They
concluded that perpendicular insertion at the level of
the mid-root was a safe approach but did not rule out
the risk of sinus perforation. Studies have found that the
anterior part of the palate was safe for miniscrew place-
ment; however, large individual variations do exist, and
care should be taken not to perforate the maxillary si-
nus.'?™ The Infrazygomatic crest bone thickness was
evaluated at different positions and angles. The mean
bone thickness ranged between 5.2 mm at 40° inser-
tion angel and 8.8 mm at a 75° insertion angle.?' Jia et
al® reported a high incidence of maxillary sinus perfora-
tion when using the infrazygomatic crest approach.
Thus far, no studies have been conducted in Saudi
Arabia to investigate the maxillary bone thickness.
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Therefore, the aim of this study was to determine the
palatal, buccal and infrazygomatic crest bone thickness
and their relationship to the maxillary sinus or nasal
cavity in a Saudi sample.

PATIENTS AND METHODS

This retrospective cross-sectional research was ap-
proved by the Research Ethics Committee of the
Faculty of Dentistry, King Abdulaziz University, Saudi
Arabia (No. 34-04-20). Informed consent was obtained
from all patients at the time of pre-treatment CBCT
scan. Sample size estimation was carried out using
G*Power (version 3.1.9.2).2 The minimal number of
subjects required to detect an average effect size of
0.25 between different maxillary bone locations was 92
subjects at a power of (1-p)=.9 and a=.05. The effect
size estimation was based on Ryu et al.? Therefore,
CBCT scans of 100 dental patients (50 males and 50
females) from the Department of Oral and Maxillofacial
Radiology were collected. The inclusion criteria were:
1) Saudi patients 18 years or older, 2) full complement
of teeth excluding third molars. 3) good quality scans
with similar settings, and 4) complete dental and medi-
cal history. The exclusion criteria were: 1) syndromic
patients or bone disease, 2) history of facial trauma
and/or surgery, 4) history of chronic sinusitis or sinus
surgery, and 5) history of orthodontic or surgical peri-
odontal treatment. An expert maxillofacial radiologist
evaluated the CBCT scans for any undocumented pa-
thologies.

All CBCT images were acquired using i-CAT Next
Generation CBCT unit (Imaging Sciences International,
Hatfield, PA, USA) with a slice thickness of 0.4 mm. All
images were obtained using the same parameters (120
kVp; 5 mA; exposure time, 4s; voxel spacing, 0.4 mm)
with two fields of view. The head was oriented so that
the occlusal plane was parallel to the floor. 8

Palatal and buccal measurements were performed
using the i-CAT vision software (Imaging Sciences
International, Hatfield, PA, USA). Angles and linear
measurements for the infrazygomatic crest were per-
formed using the Carestream 3D Imaging software (CS
3D v3.8.7, Carestream Dental, Atlanta, GA, USA) on
a 17inch screen with 3840x2160 resolution. The mea-
surements were performed using a 1.2 mm slice thick-
ness and 1 mm interslice distance. All measurements
were performed by one calibrated investigator.

Palatal measurements

Measurements of bone thickness and distance to ei-
ther the maxillary sinus or nasal cavity were performed
at 18 locations in the palate with a CBCT occlusal axial
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view at the level of the cemento-enamel junctions, of
either the first and second premolars or the second
and first molars.’? A midsagittal line was drawn con-
necting the incisive foramen and the posterior nasal
spine equally divided the palate (Figure 1a). Three
regions were formed by drawing parallel lines lateral
to this line at 3-mm increments: A) median, B) parame-
dian, and C) inter-radicular regions. Six sites on each of
these three regions were located by intersecting lines
passing through contacts points of following teeth: 1)
central and lateral incisors, 2) lateral incisor and canine,
3) canine and first premolar, 4) first and second premo-
lars, 5) second premolar and first molar, and é) first and
second molars. These six intersecting lines were drawn
using the coronal view (Figure 1b). Using the sagittal
view, bone height and distance to the maxillary sinus
and nasal cavity were measured at 90° postulating a
common path of miniscrew insertion.?*° (Figure 1c).

Buccal measurements

A panoramic view was reconstructed from the CBCT
images to measure the buccolingual bone thickness
and distance to the sinus and nasal cavity. A point pos-
tulating the path of miniscrew insertion at 90° to the
cortical plate?*° was located between the roots of ad-
jacent teeth and 6 mm from the CEJ was used (Figure
2a and 2b).

Infrazygomatic crest measurements

Using the coronal view, two reference lines were drawn:
a horizontal line that represents the maxillary occlusal
plane and a second line tangential to the buccal sur-
face of the mesiobuccal root of the first molar (Figure
3a and 3b). The distance between the sinus wall and

ORTHODONTIC MINISCREWS

the lateral surface of the infrazygomatic crest was mea-
sured at different angles by lines drawn at 45°, 55°, and
70° from the occlusal plane (Figure 3¢, 3d and 3e).?"%?

Statistical analysis

Data analysis was performed using the IBM SPSS ver-
sion 25 (SPSS; IBM Corporation, Armonk, NY, USA).
The data were collected and organized into tables,
from which mean and standard deviation values were
calculated. Normality was checked using Q-Q plots,
which showed that the data were normally distribut-
ed. Repeated measures analysis of variance (ANOVA)
was used to investigate differences in means of palatal
and buccal measurements. Bivariate gender compari-
sons were performed using the independent sample t
tests. Pearson correlation coefficients were calculated
between age and all measurements. The Bonferroni
adjustment method was used. The difference was con-
sidered significant if the P value was less than .05

RESULTS

The mean (standard deviation) age for the total sample
was 25.4 (6.5) years. There was no significant age dif-
ference between males and females [25.34 (6.41) years
vs 25.4 (6.73) years, P=.95].

Intra-examiner reliability

One calibrated investigator performed all measure-
ments. Intra-examiner reliability was assessed by re-
peating the measurements at two-week intervals on
randomly selected CBCT scans of 10 subjects. Intra-

examiner reliability was assessed using the intraclass
correlation coefficient (ICC). The reliability (ICC) ranged
between 0.75 and 0.98, suggesting high reliability.

Figure 1. (a) Axial image at the level of the cemento-enamel junction showing a midsagittal line to divide the palate (yellow) and three
parallel lines (green) at 3-mm increments: A) median, B) paramedian, and C) inter-radicular. (b) The coronal view with six lines passing
through the contacts of each tooth. (c) Sagittal view was used to measure the thickness at the intersection between these three sagittal and
six transverse lines.

ABC
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Figure 2. (a) Panoramic view reconstructed from the CBCT images. (b) Using the coronal view, the bucco-palatal width
measurements were taken at a point located between the roots of adjacent teeth and 6 mm from the CEJ.

b

Figure 3. (

a) Using the coronal view, two reference lines were drawn: a horizontal line that represents the maxillary occlusal plane and a
second ||ne tangential to the buccal surface of the mesiobuccal root of the first molar. The distance between the sinus wall and the lateral
surface of the infrazygomatic crest was measured at different angles by lines drawn at 45°, 55°, and 70° from the occlusal plane (b, c and d).

Palatal bone thickness
ANOVA results are shown in Table 1.
gion, the distance to the nasal cavity and maxillary sinus

In the median re-

was greater anteriorly (mesial to the first premolar) and
significantly decreased in the posterior region (P<.001).
The findings were similar in the paramedian and inter-
radicular regions (P<.001). In the posterior palate, the
median region has significantly greater bone height
(mean=4.65 mm) compared to the inter-radicular re-
gion (mean=2.95 mm, P<.001).

Comparisons of palatal bone thickness between
males and females are shown in Table 2. There were
statistical differences in 3 out of the 18 measured sites.
Males had statistically significant differences in bone
thickness in the median region between the lateral in-
cisor and canine (mean difference=0.29 mm, P=.022)
and in the inter-radicular region between the second
premolar and first molar (mean differences = 0.09 mm,
P=.014). Females had statistically significant differences
in bone thickness in the paramedian region between
the first and second molars (mean difference=0.21 mm,
P=.006).

Buccal bone thickness

As shown in Table 3, three were statistically significant
differences among the 6 locations by ANOVA (P<.001).
There were no differences between locations 1 and 2,
3 and 4 and 5 and 6. Significantly more bone thickness
was found between the maxillary second premolar and
the first molar area (mean=11.96 mm) and between the
first and second molars area (mean = 11.69 mm) when
compared to other locations (P<.001).

When comparing the buccal bone thickness between
males and females, there were statistically significant
differences in 2 out of 6 measured sites (Table 4). Males
had statistically significant bone thickness between the
central and lateral incisor (mean difference=0.24 mm,
P=.021) and between the first and second premolars
(mean difference=0.28 mm, P=.011).

Infrazygomatic crest area

Table 5 shows comparisons of infrazygomatic crest
bone thickness between males and females at different
insertion angles. No significant differences were found
in bone thickness by gender at all insertion angles.
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Table 1. Comparisons of palatal bone thickness between the selected regions and locations (n=100).

Regions

PO [ ) Méggan Paraf:idian Inter-g:c)licular Free
Central and lateral incisors 7.52 (0.97) 7.49 (0.65) 8.66 (0.82) < .001
Lateral incisor and canine 8.07 (0.64) 7.89 (0.72) 8.76 (0.98) < .001
Canine and first premolar 4.93(0.47) 3.82(0.36) 7.15(0.37) <.001
First and second premolars 4.51 (0.38) 3.65(0.37) 4.48 (0.38) < .001
Second premolar and first molar 4.52 (0.40) 2.94 (0.15) 2.99 (0.17) < .001
First and second molars 4.65 (0.39) 2.88(0.11) 2.95(0.15) <.001
P value® <.001 <.001 < .001

Data are presented as mean (standard deviation) in millimeters. ANOVA results between regions, "ANOVA results between locations

Table 2. Comparisons of palatal bone thickness between males and females.

fmter:oposterlor Region Males (n=50) Females (n=50) Diff. P value
ocation
Median 7.51(0.94) 7.53 (1.01) 0.02 927
Central / Peeiedian 7.42 (0.67) 7.58 (0.64) 0.16 237
Lateral Incisors
e el 8.74 (0.75) 8.59 (0.90) 0.15 372
Median 7.92 (0.42) 8.22 (0.79) 0.29 022
éate.ra' Incisor / Frr e 7.89 (0.74) 7.89 (0.71) 0.00 999
anine
Inter-Radicular 8.73(0.92) 8.80 (1.05) 0.07 723
Median 5.00 (0.47) 4.86 (0.48) 0.13 160
Canine / Pl 3.76 (0.39) 3.88(0.35) 0.12 117
1st Premolar
e el 7.17 (0.38) 7.14 (0.36) 0.02 748
Median 4.49 (0.35) 453 (0.42) 0.04 646
1st Premolar / Frr e 3.67 (0.39) 3.64(0.38) 0.02 755
2nd Premolar
Inter-Radicular 4.49 (0.41) 4.47 (0,36) 0.02 796
Median 453 (0.41) 452 (0.41) 0.01 884
2nd Premolar / e e 2.95 (0.16) 2.93(0.16) 0.01 707
1st Molar
e el 3.03(0.21) 2.95(0.11) 0.09 014
Median 4.55 (0.36) 4.76 (0.40) 0.21 006
1st Molar / .
JorMolar Bara adinn 2.88(0.12) 2.89(0.12) 0.01 800
e Rediaulkr 2.98 (0.15) 2.93(0.15) 0.05 105

Data are presented as mean (standard deviation) in millimeters.
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However, the infrazygomatic crest bone was signifi-
cantly thicker in both males and females at an insertion
angle of 45° (mean=4.94 mm) than at 55° (mean=3.73
mm) and 70° (mean=3.90 mm) (P<.001).

Correlation between age and bone thickness
Pearson correlational analysis showed that there were
no significant correlations between the age and palatal,
buccal or infrazygomatic crest bone measurements.

DISCUSSION

An important factor to consider when planning orth-
odontic miniscrew placement is safety by avoiding
injury to adjacent anatomical structures such as roots,
blood vessels, nerve fibers, nasal cavity and the max-
illary sinus.®™% There are studies that have evaluated
bone thickness, bone volume and height in the maxilla,
but no consensus has been reached on the proximity of
the maxillary sinus and nasal cavity to areas where mini-
screws are frequently inserted.'?13212237-40 Fyrthermore,
a large number of studies have been performed on ei-
ther dry skulls or cadavers.?'%12%738 |n our study, CBCT
images of 100 Saudi patients with an equal sex distribu-
tion and similar age were used to assess the anatomi-
cal variation of the palatal, buccal cortical and infrazy-
gomatic crest bones thicknesses and their relationship
to the maxillary sinus and nasal cavity.

The results of the current study showed that the
palatal bone thickness decreased from the anterior to
the posterior region and from medial to lateral, respec-
tively. These results are consistent with the findings of
Kang et al' who found that the palatal bone thickness
tends to decrease posteriorly and laterally. Our results
support the advantage of using the anterior palate and
the median region as potential sites for placement of
miniscrews.

In our study, the buccal cortical bone was greatest in
the posterior region (between the molars and second
premolar) and decreased progressively toward the an-
terior region (between the incisors). This is also in line
with previous findings and consistent with the recom-
mendation that the optimal position for placing minis-
crews is between the second premolar and first molar
and between the first and second molars.’? Borges
et al*’ found that the highest density in the buccal cor-
tical bone was in the area between the maxillary first
and second premolars. Their study had a small sample
size (n=11) and they only measured the bone density
(Hounsfield units) and not the bone width.

The infrazygomatic crest bone thickness varies ac-
cording to the miniscrew insertion angle. Liou et al?
found that the mean infrazygomatic crest bone thick-
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ness was 5.2 mm with 40 degree insertion angle and
8.8 mm at 75 degrees insertion angle. Murugesan et
al.?2 also reported a mean bone thickness of 4.6 mm at
an insertion angle of 45° and 7.9 mm at a 70° insertion
angle. In contrast, we found that the mean thickness
of the infrazygomatic crest bone at a 45 degree inser-

Table 3. Comparisons of buccal bone thickness at the
different locations (n=100).

t:‘:;i:rn Location between Mean (SD)
1 Central / lateral incisors 7.53(0.52)
2 Lateral incisor / canine 7.54 (0.46)
3 Canine / 1st premolar 9.90 (0.48)
4 1st / 2nd premolars 9.84 (0.55)
5 incjaﬁremolar/ st 11.96 (1.40)
6 1st / 2nd molars 11.69 (1.28)
P value <.001

Data are presented as mean (standard deviation) in millimeters.

Table 4. Comparison of buccal bone thickness between males and females.

Location Males Females

e e (n=50) (n=50) Diff. Pvalue

Icef‘”a' /lateral 5 0051  7.41(0.52) 0.24 021
NCISOors

Lateral Incisor /

Lot 7.53(0.43)  7.56(0.50) 0.03 730
anine

Canine / 1st 9.98(0.49) 9.84(0.48) 0.14 162

Premolar

1st Premolar /

Jst Premolar 9.98(0.57) 9.71(0.51) 0.28 011

2nd Premolar /

Zna frem 12,07 (1.41) 11.86(1.42) 020 477

IstMolar/2nd 14 641 38) 11.54(1.17) 0.30 248

Molar

Data are presented as mean (standard deviation) in millimeters.

Table 5. Comparisons of infrazygomatic crest bone thickness at different

insertion angles between males and females.

Insertion angle All s_ubjects Mfles FeTaIes

(n=100) (n=50) (n=50)
45° 4.94 (0.73) 4.96 (0.65) 4.93 (0.80)
55¢° 3.73(0.41) 3.72(0.43) 3.75(0.38)
70° 3.90 (0.31) 3.88 (0.29) 3.92(0.32)
P value <.001 <.001 <.001

Data are presented as mean (standard deviation) in millimeters. Differences between males and females

were not statistically significant by the t test.
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tion angle to be 4.9 mm, and 3.90 mm at a 70 degree
insertion angle. The available bone in this area is not
optimal and the risk of sinus perforation could be high,
which is in line with Jia et al.25 The differences in the
infrazygomatic crest bone width between various stud-
ies could be attributed to ethnic background, maxillary
sinus and palatal morphology, or the individual’s physi-
cal built.

In the present study, even though there were statis-
tically significant differences in bone thickness between
males and females in some measurements (mean dif-
ference range 0.09-0.28 mm), these differences were
not considered clinically significant.*? Our results are in
agreement with previous studies.”?** However, Fayed
et al*” found that males had significantly thicker bone
in the maxilla than females. This could be attributed to
the sample selection.

In several previous studies, no correlation was
found between age and bone thickness even though
the studied samples had an age range between 10 to
52 years.?*44 This is in line with the present findings
that included an age range between 18 to 42 years.
One could speculate that there is no major change in
bone thickness after the age of 10. However, Fayed
et al*” found a significant difference in bone thickness
between their studied age groups (13-18 versus 19-27
years). The difference in results between Fayed et al*’
and our study could be attributed to differences in age
group selection and ethnic background.

Factors contributing to the success of miniscrews in-
clude interradicular distance, soft-tissue anatomy, and
buccolingual bone depth. To avoid any complications
that may arise during miniscrew placement, it is impor-
tant to study the placement site and be familiar with
anatomical structures such as soft tissue, nerve and
blood supply, root, nasopalatine canal and its acces-

ORTHODONTIC MINISCREWS

sory canalis sinuosus, and maxillary sinus morphologies
to avoid root injury or perforation of either the maxil-
lary sinus or nasal cavity."'419203236.4¢ The present study
used CBCT imaging as it provides accurate clinical
guidance for placement of orthodontic miniscrews es-
pecially in areas where the maxillary sinus or nasal cav-
ity are predicted to be in close proximity.”> However,
CBCT use in orthodontics is still debatable due to the
increased dose of radiation. When selecting the imag-
ing modality for any orthodontic patient, proper prin-
ciples that weigh the risk versus benefit should always
be followed.*®

The findings of the present study further improve
our understanding regarding maxillary bone thickness
in relation to the maxillary sinus and nasal cavity. Even
though the current findings may provide clinical guide-
lines, this does not minimize the need for accurate ra-
diographic imaging prior to the insertion of orthodon-
tic miniscrews. A limitation of our study is that this was
retrospective and from one center. The results of this
study cannot be generalized to the Saudi population
due to the multiracial background of the population.
Thus, multi-center studies with larger sample sizes from
different centers in Saudi Arabia are warranted.

CONCLUSIONS

Within the study limitations, the conclusions are: in the
palate, the distance to the nasal cavity and maxillary
sinus was greatest in the region mesial to the first pre-
molar, then the distance starts to decrease significantly.
In the buccal area, a 90° miniscrew insertion angle was
safe with minimal risk of sinus/nasal cavity injury. In the
infrazygomatic crest area, bone thickness at a 45° in-
sertion angle was greatest, but this does not exclude
the risk of maxillary sinus perforation due to the limited
available bone.
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