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Anatomic assessment of the mandibular
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white patients
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Introduction:Cortical bone thickness, bone width, insertion depth, and proximity to nerves are important factors
when planning and placing orthodontic miniscrews. The objective of this study was to anatomically assess the
mandibular buccal shelf in a white patient population as the insertion site for orthodontic miniscrews by investi-
gating these 4 variables.Methods:Measurements were made on cone-beam computed tomography scans of 30
white patients (18 girls, 12 boys; mean age, 14.5 6 2 years). All measurements were taken adjacent to the
distobuccal cusp of the first molar, and the mesiobuccal and distobuccal cusps of the second molar. Additionally,
bone depth was measured at 2 height levels, 4 and 8 mm from the cementoenamel junction. Stereolithographic
models of patients were superimposed on the cone-beam computed tomography volumes to virtually create an
outline of the soft tissue on the cone-beam computed tomography image to allow identification of the purchase
point height (mucogingival junction). The inferior alveolar nerve was digitally traced. Miniscrews (1.6 3 10 mm)
were virtually placed at the buccal shelf, and their insertion depths and relationships to the nerve were assessed.
Analysis of variance with post hoc analysis was used for data analysis. Results: Insertion sites and measurement
levels had significant impacts on both cortical bone thickness and bone width. Cortical bone thickness was typically
greatest at the distobuccal cusp of the second molar. Bone width was also greatest at the distobuccal cusp of the
second molar 8 mm from the cementoenamel junction. The greatest insertion depth was found again at the disto-
buccal cusp to the second molar, whereas the miniscrews had the greatest proximity to the nerve at this site
also.Conclusions: The distobuccal cusp level of the mandibular second molar is the most appropriate site for min-
iscrew insertion at the buccal shelf in white patients. (Am J Orthod Dentofacial Orthop 2018;153:505-11)
One of the most important factors when placing
orthodontic miniscrews is the presence of suffi-
cient bone at the insertion site.1 Miniscrews are

placed in many anatomic sites depending on the biome-
chanics used.2-4 The most popular anatomic sites appear
to be the palate, lingual aspect of the maxillary alveolar
process, retromolar area, and maxillary and mandibular
buccal alveolar processes.2-6 Several studies have used
cone-beam computed tomography (CBCT) to assess
cortical bone thickness and overall bone depth to deter-
mine the most favorable anatomic insertion sites and to
evaluate the structures at risk at various sites.1,7
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Recently, the mandibular buccal shelf has been used
as an insertion site for orthodontic miniscrews.
Indications for the buccal shelf as the insertion site
are plentiful, but this site seems to be most useful
for the correction of Class III malocclusions.8-10

However, despite reports of numerous treated
patients, there was inconsistency in selecting the
exact placement site in the mandibular buccal shelf;
recommendations included adjacent to the first
molar, between the first and second molars, and
adjacent to the second molar.10,11 This wide range of
recommendations may be due to strong local
anatomic variations at the buccal shelf or the lack of
studies that investigated the local anatomy. The
purposes of this study were to remedy this lack of
anatomic information by evaluating cortical bone
thickness and bone width of the mandibular buccal
shelf at different potential insertion sites and to
assess the relationship between the miniscrews and
the inferior alveolar nerve as the only sensitive
anatomic structure in this area.
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Fig 1. Coronal slice at the distal root of the second molar
showing measurement of the cortical bone.

Fig 2. Coronal slice at the distal root of the second molar
showing measurement of the overall bone width at: A,
4 mm from the CEJ and B, 8 mm from the CEJ.
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MATERIAL AND METHODS

This study was approved by the Institutional Review
Board of Case Western Reserve University in Cleveland,
Ohio. The sample consisted of 30 CBCT scans of untreated
orthodontic patients (18 girls, 12 boys; average age,
14.5 6 2 years) from the Department of Orthodontics at
Case Western Reserve University who had CBCT imaging
prescribed as part of their initial records. No CBCT image
was taken for research purposes only. Inclusion criteria
consisted of white patients seeking orthodontic treatment
and full permanent dentition with fully erupted mandib-
ular second molars and no craniofacial pathology or
developmental abnormality. All CBCT images were taken
with a low-dose scanner, CB MercuRay (Hitachi Medical
Systems of America, Twinsburg, Ohio), using 2 mA,
120 kV(p), resulting in a voxel size of 0.37 mm. All images
were analyzed with Dolphin 3D (version 11.9; Dolphin Im-
aging and Management Solutions, Chatsworth, Calif).

After proper orientation, cortical bone thickness and
buccal shelf bone width were surveyed at 3 sites on each
side: buccal to the distobuccal cusp of the mandibular
first molar (6D), and buccal to the mesiobuccal (7M)
and distobuccal (7D) cusps of the mandibular
second molar. Cortical bone thickness was defined as
the dimension of the cortical bone measured from the
midpoint of the osseous ledge buccal to the mandibular
first and second molars (buccal shelf), parallel to the
contour of the buccal root surfaces of the first or
second molar (Fig 1).
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Buccal shelf bone width was defined as the total
amount of bone available in the buccolingual direction
from the most buccal point of the alveolar bone to the
root of the mandibular molars at 4 and 8 mm from the
cementoenamel junction (CEJ), parallel to the occlusal
plane. Again, measurements were taken at the same 3
sites: buccal to the distobuccal cusp of the mandibular
first molar (6D4, 6D8), buccal to the mesiobuccal cusp
of the mandibular second molar (7M4, 7M8), and buccal
to the distobuccal cusp of the mandibular second molar
(7D4, 7D8) (Fig 2).

The inferior alveolar nerve canal was digitally traced
using a tool in the software (Fig 3). Stereolithographic
models of the patients were superimposed on the CBCT
volumes to virtually create an outline of the soft tissues
(Fig 4). Miniscrews (1.6 mm diameter 3 10 mm shank
length) were then virtually placed at the designated
sites. Based on the recommendations of Chang
et al,10 the insertion was initiated (purchase point) at
the mucogingival junction as identified on the stereo-
lithographic model. The insertion took place perpen-
dicular to the occlusal plane and was considered
complete with the screw head 5 mm above the level
of the soft tissue (Fig 5). The insertion depth of the
miniscrew and the relationship to the digitally traced
inferior alveolar nerve were also assessed at the 3 sites
(D6, M7, D7) (Fig 6).
Journal of Orthodontics and Dentofacial Orthopedics



Fig 3. Three-dimensional reconstructions of CBCT image showing the traced nerve canal in different
views: A, coronal slice; B, sagittal slice.

Fig 4. Lower stereolithographic model superimposition on volume renderings in different views.
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Fig 5. Stereolithographic model after virtual placement of
the mini implant showing the screw head 5 mm above the
level of the soft tissue.

Fig 6. Tomographic slice with traced inferior alveolar
nerve, virtually placed miniscrew, and measurements of
insertion depth and distance to the nerve.
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Statistical analysis

Software (version 17.0; SPSS, Chicago, Ill) was used
for all statistical analyses, and significance levels for all
tests were set at P #0.05. An a priori power calculation
suggested that a minimum sample size of 24 participants
would be required. Preliminary data analysis suggested a
normal frequency distribution (Shapiro-Wilk test). Reli-
ability of the measurement method was assessed by
repeating all measurements twice, 2 months apart on
10 slices of 10 CBCTs each. Intraclass correlation showed
good reliability (r 5 0.9). A paired Student t test was
used for additional preliminary data analysis to test for
differences between the left and right sides. No sta-
tistically significant differences were found, so the data
April 2018 � Vol 153 � Issue 4 American
were pooled. Analysis of variance was used to evaluate
the influence of the site and measurement level on
cortical bone thickness, buccal shelf bone width, amount
of implant-bone engagement, and distance from the
implant tip to the inferior alveolar nerve, with the Tukey
post hoc test evaluating further intereactions of the
different variables.

RESULTS

Buccal shelf bone width (Table I) was generally thin-
nest at the distobuccal cusp level of the mandibular first
molar when measured at 4 mm from the CEJ (6D4;
3.48 6 1.29 mm) and thickest at the distobuccal cusp
of the mandibular second molar when measured at
8 mm from the CEJ (7D8; 8.13 6 1.97 mm) (Table I).
Multiple post hoc group comparisons showed a sign-
ificant statistical difference when comparing 6D4 with
all other sites. 6D8 (5.106 1.35 mm) showed no signif-
icant difference compared with 7M4 (5.64 6 1.18 mm),
and 7M4 only showed a significant difference to 6D8.
7M8 (6.936 1.07 mm) showed no significant difference
compared with 7D4 (7.466 1.21 mm), and 7D4 showed
no difference compared with 7M8 and 7D8
(8.136 1.97 mm), which showed a significant difference
to all other sites.

The findings of cortical bone thickness (Table II)
showed the least thickness at 6D (2.0 6 0.71 mm) and
the most thickness at 7D (3.96 6 0.57 mm). Multiple
post hoc group comparisons showed a significant statis-
tical difference when comparing the cortical bone thick-
ness in the 3 sites (Tables III and IV). The insertion depth
was found to be the least at 6D (4.98 6 0.84 mm) and
the greatest at 7D (8.40 6 1.23 mm). The screws had
the greatest proximity to the nerve at this latter site
also (5.46 6 1.63 mm). Statistical analysis showed
significant main effects of both site and measurement
level on buccal shelf bone width and cortical bone
thickness. Also, the sites had a significant effect on the
insertion depth and distance from the implant tip to
the inferior alveolar nerve.

DISCUSSION

The decision on where to place an orthodontic mini
implant is usually based on several factors such as biome-
chanics used (direct or indirect anchorage) and local anat-
omy. Local anatomy is usually subject to considerable
individual variation, but certain insertion sites appear to
exhibit reliable and reproducible patterns1,5,7; with
CBCT technology, we can gain information on the
osseous anatomic relationships. To date, cortical bone
thickness and bone width are considered important
microanatomic and macroanatomic factors, respectively,
Journal of Orthodontics and Dentofacial Orthopedics



Table I. Bone depth and cortical bone thickness plus standard deviations at different insertion sites in the buccal shelf

Insertion site

P value6D4 6D8 7M4 7M8 7D4 7D8
Bone depth (mm) 3.48 6 1.29 5.10 6 1.35 5.64 6 1.18 6.93 6 1.07 7.46 6 1.21 8.13 6 1.97 0.000

Table II. Insertion depth and distance to the inferior
alveolar nerve plus standard deviations at different
insertion sites in the buccal shelf

Insertion site

P value6D 7M 7D
Insertion depth
(mm)

4.98 6 0.84 6.72 6 0.98 8.40 6 1.23 0.000

Distance to nerve
(mm)

7.70 6 1.10 6.30 6 1.20 5.46 6 1.63 0.000

Cortical bone
thickness

2.0 6 0.71 3.52 6 0.54 3.96 6 0.57 0.000
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when planning and placing an orthodontic miniscrew.12

Because of their importance, several studies have used
CBCT in the assessment of bone quality and quantity to
determine the most favorable insertion sites and to eval-
uate the structures at risk at various insertion sites.1,5,7

The mandibular buccal shelf has become a widely used
insertion site for mini-implants, especially in Class III pa-
tients. Chang et al10 showed highly successful insertions
(over 90%) and impressive treatment results when using
implants at the buccal shelf in Asian patients.

The purpose of this study was to investigate the anat-
omy of the mandibular buccal shelf in white patients by
assessing cortical bone thickness and overall buccal shelf
bone width at 3 sites and for the latter also at 2 levels
from the CEJ by using 3-dimensional (3D) images gener-
ated with CBCT technology. A second purpose of this
study was to assess the final insertion depth of the min-
iscrew at each site and the proximity of the miniscrew to
the inferior alveolar nerve in each site.

Our findings suggest that some regions of the
mandibular buccal shelf in white patients might be supe-
rior to other regions. There was a clear pattern of buccal
shelf bone width increasing at lower levels and more
distal measurement sites. Overall, buccal shelf bone
width was significantly thinner buccal to the mandibular
first molar to the point that it was, on average, unable to
serve as a reliable insertion site; however, individual var-
iations as shown by the standard deviations were rela-
tively high, and individual 3D imaging is indicated if
one considers using this site in white patients. In
contrast, buccal shelf bone width at the mandibular
second molar showed a consistent pattern of sufficient
American Journal of Orthodontics and Dentofacial Orthoped
bone width to be considered a reliable insertion site in
the mandibular buccal shelf. To be precise, the most
favorable width readings were obtained from the bone
buccal to the distal half of the second molar.

Cortical bone thickness is an important factor in ob-
taining sufficient primary stability for the miniscrew, and
it correlates directly with placement torque, which can in
turn influence success rates.13 Baumgaertel14 confirmed
that cortical bone thickness is an important factor with
the discussion of a widely used protocol for implant
site preparation. Accordingly, it appears that knowledge
of cortical bone thickness can be beneficial when select-
ing placement sites and performing the placement
because extremes in cortical bone thickness can affect
the insertion outcome. Areas of excessively thin cortical
bone will not provide sufficient primary stability for
maximum success, showing increased early miniscrew
failures. Areas of excessively thick cortical bone, while
providing excellent primary stability, will result in exces-
sive compression of the bone, which may lead to delayed
miniscrew failures. In the latter areas, predrilling is
generally recommended. Our investigation showed that
cortical bone thickness behaved similarly to the overall
buccal shelf bone width, since the greatest thickness
was found buccal to the distal aspect of the
second molar. A previous study showed that mandibular
buccal cortical bone thickness increased toward the
distal aspect, and the buccal shelf proved no exception
to this.1 Although there was a significant statistical
difference when comparing cortical bone thickness at
the 3 sites, clinically they all proved to provide sufficient
thickness for adequate miniscrew retention. In fact,
cortical bone at all measurement sites was greater than
traditionally considered desirable for miniscrew inser-
tion, possibly tempting practitioners to use a predrilling
protocol or screws with a greater yield strength such as
stainless steel screws. In our clinical experience, neither
is required routinely because torque levels from a drill-
free protocol are regularly at physiologic levels in white
patients and well below the levels at which most
titanium-alloy miniscrews would fracture. We explained
the desirable torque levels despite thick cortical bone
with the fact that screws are not completely inserted as
is discussed below (Fig 7). However, anatomic extremes
are probably present in any patient population, and on
ics April 2018 � Vol 153 � Issue 4



Fig 7. Miniscrews placed at the buccal shelf using
anatomic guidelines from this study.

Table IV. Post hoc analysis results for cortical bone
thickness

Cortical bone thickness Location Significance
6D 7M 0.000

7D 0.000
7M 6D 0.000

7D 0.001
7D 6D 0.000

7M 0.001

Table III. Post hoc analysis results for bone depth

Bone depth Location Significance
6D4 6D8 0.000

7M4 0.000
7M8 0.000
7D4 0.000
7D8 0.000

6D8 6D4 0.000
7M4 0.160
7M8 0.000
7D4 0.000
7D8 0.000

7M4 6D4 0.000
6D8 0.160
7M8 0.000
7D4 0.000
7D8 0.000

7M8 6D4 0.000
6D8 0.000
7M4 0.000
7D4 0.160

7D4 6D4 0.000
6D8 0.000
7M4 0.000
7M8 0.160
7D8 0.035

7D8 6D4 0.000
6D8 0.000
7M4 0.000
7M8 0.001
7D4 0.035
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occasion, excessive torque levels may be encountered at
the buccal shelf. In this case, performing a cortical bone
perforation should be considered an appropriate prepa-
ratory step before screw insertion.14

Since cortical bone thicknessmeasurements are gener-
ally small, it may be advantageous to image at smaller
fields of view to reduce voxel size and the impact of the
partial volume effect. We relied on CBCT scans of existing
patients, who were all imaged at a larger field of view.
Sample size calculation, however, showed that given the
size of the sample in this study, conclusions drawn even
in regard to cortical bone thickness should be valid.

Knowledge of howmuch of the implant shank is actu-
ally retained in the bone can give practitioners a better
understanding of the biomechanics of loading the minis-
crew, which may impact success rates.15,16 To assess the
final insertion depth of the miniscrews at each site, it
was important to ensure that all implants were placed
with the same technique. We used the recommendation
of Chang et al10 to begin the insertion at the mucogingi-
val junction and chose as the point of completion the
location of the screw head 5 mm above the level of the
soft tissue (Figs 5 and 6). Contrary to other
recommendations from this study, we chose a screw
April 2018 � Vol 153 � Issue 4 American
length of only 10 mm. To not create any confusion for
readers, we used a different screw design than that of
Chang et al with a transmucosal collar that added 2 mm
of additional screw length between shank and head,
leading to a similar overall screw length. This insertion
technique coupled with the proper implant length
would again ensure a final screw position similar to that
recommended by Chang et al, which would bring the
screw head close to the level of the archwire. It may
very well be the case, however, that even shorter screws
could be used at this site as was highlighted by Park17

over a decade ago. Not focusing on the actual buccal shelf,
he placed 6-mm long screws angled vertically buccal to
the mandibular molars.

To accurately simulate a clinical insertion, the
scanned models of the mandibular arch were matched
to the CBCT scan, which then showed a precise outline
of the soft tissue. Insertion depth increased toward the
posterior with the greatest measurement again at the
distal aspect of the second molar. As described by Shan-
tavasinkul et al,15 this should create the most favorable
loading mechanics of the 3 investigated insertion sites
in the buccal shelf.

Understanding the location of anatomic structures at
various sites when placing orthodontic miniscrews is
important to avoid undesired side effects or damage to
sensitive structures. Previous studies evaluated risk of
damage of anatomic structures such as roots and maxil-
lary sinus.7,18 To provide a better 3D understanding of
Journal of Orthodontics and Dentofacial Orthopedics
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the structures associated with the buccal shelf, we
evaluated the relationship of the inferior alveolar nerve
to the miniscrew. The ability to digitally trace the
nerve (Fig 3) should help the clinician during insertion
and decrease the probability of violating the nerve. We
found that the screws had the greatest proximity to
the nerve at the D7 site. However, even here, an ample
safe distance was present to be considered safe.

On average, it can be expected that, within the limi-
tations of this study, the most favorable overall anatomic
relationships for mandibular buccal shelf orthodontic
miniscrew placement in white patients are at the level
of the distobuccal cusp of the second molar. This site
is also clinically accessible in most patients with a
straight driver that facilitates placement. In patients
with limited mouth opening, the distal location of the
insertion site can create difficulty to access the site at
the best angle; then a contra-angle insertion instrument
should be selected for better access. However, with
placement, it is important to consider the potential prox-
imity to the inferior alveolar nerve and to keep in mind
that averages are a good first step for identifying favor-
able insertion sites, but they do not replace individual
diagnosis and treatment planning.

Ethnicity does appear to play a role in the
morphology of the buccal shelf because we found a
smaller suitable insertion area than those in other studies
that were conducted on Asian patients. This may be due
to the more brachycephalic facial pattern in that group
or other factors prevalent in Asian patients and missing
in white patients. Taking this thought 1 step further, an
interesting area of future research would be to see
whether buccal shelf anatomy may be different among
different malocclusions or whether there is a sex influ-
ence, another factor not considered in this study. In
addition, this study should be followed by clinical imple-
mentations and outcome assessments of the insertion
site and technique outlined in this article.

CONCLUSIONS

The mandibular buccal shelf is a suitable site for or-
thodontic miniscrews in white patients. Within the lim-
itations of this study, cortical bone thickness, buccal
shelf bone width, and insertion depth in this patient
population appear to be the most favorable sites buccal
to the second molar. Insertions buccal to the first molar
will require 3D imaging or at least digital palpation to
clarify whether the patient has sufficient bone, because,
on average, this site appears to be unsuitable in white
patients.
American Journal of Orthodontics and Dentofacial Orthoped
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