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Safe zones for miniscrews in maxillary
dentition distalization assessed with
cone-beam computed tomography
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Introduction: The purpose of this study was to assess the anatomic structure of the buccal alveolar bone in the
infrazygomatic crest region with cone-beam computed tomography to locate safe zones for miniscrews in
maxillary dentition distalization. Methods: The buccal alveolar bone was analyzed in 3 regions of 60 patients:
between the maxillary second premolar and first molar (U5-U6), between the mesiodistal roots of the first
molar (U6), and between the maxillary first and second molars (U6-U7). Alveolar bone thickness at the
buccal side of the roots and the interradicular space at the buccal side of the roots were measured at the
planes of 5, 7, 9, and 11 mm apically from the alveolar crest to the maxillary sinus floor. The buccal bone
height was measured from the alveolar crest edge to the sinus floor. Results: The buccal alveolar bone was
thicker in the U6-U7 region than in the U6 and U5-U6 regions. The buccal alveolar bone thickness tended to
get thicker from the alveolar crest to the sinus floor. The thickest buccal alveolar bone of 4.07 mm was
observed at the plane of 11 mm of the U6-U7 region. The percentages for the height of bone from the crest
edge to the sinus floor were smaller than 10 mm at the regions of U5-U6, U6, and U6-U7: 38%, 52%, and
43%, respectively. The interradicular space was smallest in the U6 region and largest in the U5-U6 region.
Conclusions: The results of this study suggest that the U6-U7 region is the most ideal safe zone for placing
miniscrews in the buccal alveolar bone in the infrazygomatic crest region for maxillary dentition distalization.
(Am J Orthod Dentofacial Orthop 2017;151:500-6)
Anchorage is the most important factor that af-
fects the treatment plan and the orthodontic
treatment result. Recently, different kinds of

skeletal anchorage have attracted the attention of ortho-
dontists. Miniscrews originally used for bone fixation
have been used widely as auxiliary anchorage devices
for tooth movement without a great compliance require-
ment for orthodontic patients.1-3

Treatment of Class II malocclusion frequently re-
quires distalization of the maxillary molars into a Class
I relationship. However, when the first molars are moved
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distally after the eruption of the second molars, they
tend to move slowly, and anchorage loss happens
frequently.4 Hence, distalization of the maxilliary molars
is relatively more difficult than other types of tooth
movement.5 A few reports have demonstrated that the
molars can be distalized successfully with virtually no
anchorage loss. Headgear that has been frequently
used to distalize the maxilliary molars in adolescent pa-
tients is seldom used for adults because of esthetic and
compliance concerns.6 Skeletal anchorage has been pro-
posed for this situation. Sugawara et al7 proposed maxil-
lary dentition distalization by using titanium anchor
plates, and Kook et al8 used palatal anchorage plates
for distalization of the maxillary dentition. The use of
miniscrews, which offer more simple and stable force
systems, has gradually become popular and reliable.

The miniscrew has been widely used in the clinic
because of its advantages, including smaller size,
simpler surgical placement, shorter (or even no) waiting
period, easier removal after treatment, and lower cost.9

A new method for distalization of the entire maxillary
dentition is using miniscrews implanted in the infrazy-
gomatic crest, as proposed by Liou et al10 and Lin and



Fig 1. Clinical images for distalization of the entire maxillary dentition with miniscrews inserted in the
infrazygomatic crest of adults:A andB, intraoral photographs before treatment;C andD,miniscrews as
anchorage for maxillary dentition distalization; E and F, intraoral photographs after treatment.
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Liou.11 Liou et al suggested that miniscrew insertion
sites in the infrazygomatic crest of adults are 14 to
16 mm above the maxillary occlusal plane and at an
angle of 55� to 70� to the maxillary occlusal plane.
In recent years, our department has widely used mini-
screws as anchorage for the distal movement of the
maxillary dentition and achieved excellent clinical out-
comes (Fig 1). The purposes of this study were to study
the thickness and height of the alveolar bone in the
buccal region of posterior roots via the cone-beam
computed tomography (CBCT) technique and to pro-
vide guidelines for choosing the appropriate minisrews
and the safe zone for miniscrew placement.
MATERIAL AND METHODS

The CBCT images of 60 adults (18 men, 42 women;
average age, 26.0 6 7.8 years) with no craniofacial
anomalies or systemic diseases were randomly obtained
from the orthodontic patients in the Department of Or-
thodontics of the Stomatology Hospital at the Fourth
American Journal of Orthodontics and Dentofacial Orthoped
Military Medical University, Xi'an, Shaanxi, China.
Dental arches with severe crowding, missing teeth, or
radiographic signs of periodontal disease were excluded.
All scans were taken using a CBCT apparatus (NewTom,
Verona, Italy) at 110 kV and 0.07 mA. The CBCT images
were formatted into standard DICOM images and recon-
structed into continuous slices at 0.3-mm thickness
each. Approval was obtained from the institutional re-
view board of the Stomatological Hospital of the Fourth
Military Medical University of China (2015033).

Mimics software (version 17.0; Materialise, Leuven,
Belgium) was used for the CBCT image analyses. The
CBCT images of the maxilla were not distorted or magni-
fied and were displayed simultaneously with their coro-
nal, axial, and sagittal slices so that the maxillary
posterior tooth regions could be accurately measured
in 3 dimensions.

To assess the buccolingual space of miniscrews im-
planted in the infrazygomatic zone, 3 apical regions
were measured: between the maxillary second premolar
and first molar (U5-U6), between the mesiodistal roots
ics March 2017 � Vol 151 � Issue 3



Fig 2. Reference line for the planes of 5, 7, 9, and 11mmabove themeasurement base plane (alveolar
crest edge) in the sagittal view.

Fig 3. Measurement of buccal alveolar bone thickness in the axial images at the planes of 5 (A), 7 (B),
9 (C), and 11 (D) mm at the right side.
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of the first molar (U6), and between the first and
second molars (U6-U7). The buccal alveolar bone thick-
nesses of these regions were measured at the planes of 5,
7, 9, and 11 mm from the alveolar crest, parallel to the
occlusal plane. The occlusal plane through the pitch of
incisor and mesiobuccal cusps of both first molars was
used as the reference plane formeasurement (Figs 2 and3).

For measuring the buccal alveolar bone height from
the alveolar crest edge to the sinus floor, the reference
line was located in the middle of U5-U6, U6, and U6-
March 2017 � Vol 151 � Issue 3 American
U7 on the axial images. From the coronal slice view
through the reference line and parallel to the long axis
of the first molar, the buccal bone height from the sinus
floor to the alveolar crest edge was measured (Fig 4).

The interdental root distance at the buccal side was
measured in the regions of U5-U6, U6, and U6-U7 at
the planes of 5, 7, 9, and 11 mm from the alveolar crest
edge (Figs 2 and 5).

Measurements and analyses of the data were
carried out by 1 researcher (H.L.). Ten volumetric
Journal of Orthodontics and Dentofacial Orthopedics



Fig 4. Measurement of the distance between the alveolar edge of the crest and the sinus floor at the
buccal side:A, axial view showing the reference lines (RL);B, slice view along the U6md reference line
and measurement of the distance.

Fig 5. Measurement of interradicular distances in the axial images at the planes of 5 (A), 7 (B), 9 (C),
and 11 (D) mm at the right buccal side.
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tomographic images of the maxillary region were
selected randomly and measured twice at an interval
of 2 weeks by the same person. When assessed with
the intraclass correlation coefficient, no statistical dif-
ference was found between repeated measurements;
the results showed that the measurements were reli-
able (P .0.05).

Statistical analysis

The data were analyzed using software (version 17.0;
SPSS, Chicago, Ill). The Kruskal-Wallis H test was applied
to evaluate the differences at each slice in the 3 regions.
The statistical significance was determined at a 5 0.05.
American Journal of Orthodontics and Dentofacial Orthoped
RESULTS

The means and standard deviations of buccal alveolar
bone thickness at the different planes are shown in Table
I. There was a significant difference in the buccal alve-
olar bone thickness among the regions of U5-U6, U6,
and U6-U7 at the same plane (P \0.05). The buccal
alveolar bone was thicker in the U6-U7 region than in
the U6 and U5-U6 regions. The buccal alveolar bone
tended to get thicker from U5-U6 to U6 and U6-U7.
There was no significant difference for the buccal alve-
olar bone thickness at the different planes of each region
(P .0.05). The buccal alveolar bone tended to get
thicker from the crest edge to the maxillary sinus floor.
ics March 2017 � Vol 151 � Issue 3



Table I. Buccal alveolar bone thicknesses (in millime-
ters: mean 6 SD) at the planes of 5, 7, 9, and 11 mm

5 mm 7 mm 9 mm 11 mm
U5b-U6mb 1.56 1.61 1.73 1.86
SD 0.24 0.30 0.26 0.36
U6mb-U6db 2.24 2.48 2.83 3.05
SD 0.58 0.57 0.52 0.58
U6db-U7mb 3.04 3.41 3.69 4.07
SD 0.55 0.49 0.54 0.74

U5b, Buccal root of the second premolar;U6mb, mesiobuccal root of
the first molar; U6db, distobuccal root of the second molar; U7mb,
mesiobuccal root of the second molar.

Table II. Buccal alveolar bone heights (in millimeters)
from alveolar crest edge to the sinus floor

Mean SD Range \10 mm ratio
U56 12.41 5.59 5.17-29.32 38%
U6md 10.63 4.40 4.95-23.76 52%
U67 10.36 3.38 4.21-19.62 43%

U56, Between the second premolar and the first molar; U6md, be-
tween the mesiobuccal root and the distobuccal root of the first
molar; U67, between the first molar and the second molar;
\10 mm ratio, proportion of subjects with less than 10-mm height
from the sinus floor to the alveolar crest edge.

Table III. Buccal interradicular distances (in millime-
ters) at planes of 5, 7, 9, and 11 mm

5 mm 7 mm 9 mm 11 mm
U5b-U6mb 3.35 3.51 3.80 4.17
SD 0.55 0.73 1.07 1.28
U6mb-U6db 0.86 1.40 2.06 2.40
SD 0.32 0.44 0.49 0.65
U6db-U7mb 2.65 3.02 3.58 4.05
SD 0.88 1.09 0.62 1.40

U5b, Buccal root of the second premolar;U6mb, mesiobuccal root of
the first molar; U6db, distobuccal root of the second molar; U7mb,
mesiobuccal root of the second molar.
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The U6-U7 region had the thickest buccal alveolar bone
of 4.07 mm at the plane of 11 mm. The U5-U6 region
had the thinnest buccal alveolar bone of 1.56 mm at
the plane of 5 mm.

There was no significant difference in buccal alveolar
bone height for the 3 measured regions of U5-U6, U6,
and U6-U7 (P .0.05). The mean height was more
than 10 mm in all 3 regions. The minimum height was
4.21 mm in the U6-U7 region, and the maximum height
was 29.32 mm in the U5-U6 region. The buccal alveolar
bone height varied greatly because of individual differ-
ences. In the 60 subjects, the ratios of the height smaller
than 10 mm from the crest edge to the sinus floor were
38%, 52%, and 43% for the regions of U5-U6, U6, and
U6-U7, respectively (Table II).

The interradicular spaces were smallest in the U6 re-
gion and greatest in the U5-U6 region. The interadicular
space in the U5-U6 region was over 3.3 mm at each level.
The largest interadicular space was 4.17 mm at the plane
of 11 mm. For the U6-U7 region, the interadicular space
was over 3 mm at the planes of 9 and 11 mm. The inter-
radicular space was significantly greater in the planes
near the sinus floor compared with those near the crest
edge (Table III)

DISCUSSION

In recent years, CBCT has become a main tool for oral
and maxillofacial diagnostic imaging because of its
March 2017 � Vol 151 � Issue 3 American
lower radiation exposure, shorter scanning time, and
high definition.12-14 We analyzed and measured buccal
alveolar bone thicknesses and heights and
interradicular spaces between the buccal roots of
posterior teeth. Although some authors have evaluated
safe sites for miniscrew implantation in interradicular
spaces with CBCT,15 an evaluation of the anatomic
structure of the buccal alveolar bone in 3 dimensions
has not been done; this is important for selecting appro-
priate miniscrew insertion sites in the infrazygomatic
crest with good stability16,17 for maxillary dentition
distalization without affecting periodontal health.18

The buccal border of the zygomatic crest should be
composed of the outer surface of the zygomatic process
and the most apical regions of the alveolar process.19

Because of the thickness of the cortical plate and its dis-
tance from the dental arch, the zygomatic crest has been
a normal choice for miniscrew insertion. The insertion
position of the miniscrew was usually 3 to 5 mm above
the mucogingival junction.20 However, the mucosa sur-
rounding the miniscrew might play an important role in
the inflammatory reaction and be a risk factor for fail-
ure.21,22 To prevent the problem, Liou et al10 recommen-
ded placing a miniscrew at the mucogingival junction
for dentition distalization because adequate buccal
thickness of the alveolar bone is necessary. The width
of the attached gingiva was from 3.5 to 5.3 mm23; the
5-mm plane from the alveolar crest edge was taken as
the initial plane for the measurement. Our study showed
that the thickest buccal alveolar bone was located in the
U6-U7 region above the 5-mm plane. The mean buccal
alveolar bone thickness is 3.55 mm. Currently, the diam-
eters of most miniscrews are 1.2 to 2 mm.24,25 Since a
minimum of 1 mm of alveolar bone around the screw
could be sufficient for periodontal health, considering
bone thickness and miniscrew strength, we suggest
using a miniscrew with a diameter of 2 mm.26

One serious complication during miniscrew inser-
tion in the infrazygomatic zone of adults is injury to
the maxillary molar root.27 The miniscrew for maxillary
Journal of Orthodontics and Dentofacial Orthopedics



Fig 6. Coronal view showing the miniscrew position in the infrazygomatic crest on the buccal side of
the root at an angle of 55� to 70� to the maxillary occlusal plane.
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arch distalization should be implanted at the buccal
side of the posterior root (Fig 6). However, miniscrews
can be implanted in the interradicular space in a clin-
ical scenario. We measured the buccal interradicular
space of posterior teeth. The mean value of interradic-
ular space was more than 3 mm at the plane of 7, 9,
and 11 mm for the U6-U7 region. The interradicular
space tends to get larger from the crest edge to the
sinus floor. Considering the required safe distance be-
tween the miniscrew and the adjacent tissues, we think
that a miniscrew of 2 mm in maximum diameter will be
safe even if it is inserted into the interradicular zone in
the clinic.26,28

Laursen et al29 reported that perpendicular insertion
at the midroot level only rarely interfered with the
sinus, whereas apically inclined insertion increased
the risk of sinus perforation. For a miniscrew insertion
angle of 55� to 70� to the maxillary occlusal plane for
distalization of the entire maxillary dentition, the pos-
sibility of maxillary sinus perforation is greatly
increased, so a brief discussion of the optimal mini-
screw length is justified. The miniscrew for maxillary
dentition distalization needs to support 3 N of ortho-
dontic loading for 6 months.11,20 To maintain the
stability of the miniscrew, the length of its biting
depth in the infrazygomatic crest should be at least
6 mm.30,31 In our study, the mean value of bone
height from the crest edge to the sinus floor was
11.1 mm, ranging from 4.21 mm to 29.32 mm. The
data show that individual differences in maxillary
sinus position must be considered, and the
orthodontist can easily judge the height of the sinus
floor on the panoramic radiograph.
American Journal of Orthodontics and Dentofacial Orthoped
The anatomic structure of the infrazygomatic crest
is different from that of other sites. The infrazygomatic
zone has 2 cortical plates: the buccal cortical plate and
the sinus floor. If the maxillary sinus has been perfo-
rated, the miniscrews will pierce the double cortical
bone. Bicortical miniscrew anchorage is superior to
monocortical anchorage for resistance to movement
of the miniscrew.32 To some extent, it is beneficial to
increase the stability of miniscrew anchorage for the
entire maxillary dentition distalization. Ardekian
et al33 reported that perforations less than 2 mm of
the maxillary sinus can heal by themselves and rarely
caused complications. So small perforations of the
maxillary sinus may occur when placing miniscrews
at 55� to 70� to the maxillary occlusal plane in the in-
frazygomatic zone. According to our measurement re-
sults, we suggest that the proper length of the
miniscrew is 6 to 8 mm for most patients.

CONCLUSIONS

The region between the maxillary first and
second molars (U6-U7) should be the first choice for a
minisrew implanted in the buccal alveolar bone in the in-
frazygomatic crest region for distalization of the entire
maxillary dentition.
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