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Three-dimensional evaluation of the cortical
and cancellous bone density and thickness
for miniscrew insertion: a CBCT study

of interradicular area of adults with different
facial growth pattern
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Abstract

Aim The purpose of this study was to evaluate the effect of the density and the thickness of the cortical and the
cancellous bone at selected inter-radicular areas in subjects with different facial growth patterns using cone beam
computed tomography (CBCT) in order to choose the optimal area for miniscrew insertion.

Materials and methods From 150 CBCT scans, 45 scans were included in the study. The subjects were categorized
into three groups based on their skeletal growth pattern according to SN-GoMe angle and facial height index. Cortical
and cancellous bone density and thickness were measured at the selected inter-radicular areas.

Results Compared to the other two groups, the hyperdivergent group had thinner cortical bone in the anterior
region of the maxilla between the central and the lateral incisors on the buccal side at 4 mm from the alveolar crest
(P-value: 0.012) and on the palatal side at 7 mm from the alveolar crest (P-value: 0.030). Cancellous bone density
values in these areas were higher in subjects with hypodivergent and hyperdivergent growth pattern. Furthermore, in
hyperdivergent group less dense cortical bone in the posterior region of the maxilla on the palatal side between the
second premolar and the first molar (p-value: 0.020) and on the buccal side between the first molar and the second
molar (p-value: 0.038 & 0.047) was observed. No significant differences were found in the mandible between the three
groups. No significant differences were found between the male and the female subjects.

Conclusion Hyperdivegents presented thinner cortical bone in the anterior of the maxilla between the central and
the lateral incisors. Less dense cortical bone was found between maxillary second premolar and first molar on the
palatal side and also between the maxillary first molar and the second molar on the buccal side in this group too.
Normal showed higher density values in the posterior of the maxilla compared to the other two groups. No significant
differences were found among three groups in mandible.
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Introduction

Appling force to the teeth during orthodontic treat-
ment generates an equal force with the same magnitude
in the opposite direction which can result in unwanted
tooth movement [1]. Undesirable tooth movement and
the opposite forces must be controlled to reach the opti-
mum treatment result [1, 2]. Anchorage in orthodontics
is defined as controlling the unwanted tooth movement
[3].Different appliances are designed to play the role of
anchorage in order to facilitate tooth movement [4].They
include palatal implants, miniplates and mini-screws and
etc. [5, 6]. Most orthodontists prefer to utilize minscrews
as they are convenient to use, easily accepted by patients
and cost-effective [3, 7, 8].

Miniscrews may loosen during orthodontic treatment;
therefore, the stability of the miniscrews is essential to
enhance the success rate of skeletal anchorage [9, 10].
The stability of miniscrew relies on multiple factors such
as: the thickness and density of the cortical bone, the
depth of the inter-radicular space, the soft tissue features,
the physical characteristics of mini screw and the method
of miniscrew insertion [11-14].

Among all these factors, the cortical bone thickness
plays the most important role in miniscrew initial sta-
bility and it increases long-term success of orthodontic
treatment [15]. It is worth mentioning that the cancellous
bone volume is also influential when cortical bone is not
thick enough [7, 15].

Bone density is another important factor that affects
the amount of the miniscrew in contact with the bone,
resistance capability and rate of tooth movement [16—
18]. During the early stage of miniscrew insertion, bone
density is a crucial factor for stationary anchorage of
mini-screws specially in the areas with insufficient corti-
cal bone thickness [16, 19]. The primary retention of the
miniscrews is achieved by mechanical contact between
the bone and miniscrew rather than osteointegration
[19, 20]. Both cortical and cancellous bone density are
reported to be related to the stability of mini-screws [16,
21].Studies conducted with micro-CTs indicate that can-
cellous bone is an essential factor that influences the pri-
mary stability of mini-screws [21].

The structure of facial bones and muscles is domi-
nantly controlled by genetic factors [22]. Additionally,
functional loads significantly affect the craniofacial mor-
phology [10]. craniofacial skeleton and muscles can affect
the growth pattern, oral function and the vertical facial
dimension [23]. Facial growth pattern has been reported
to be related to masticatory muscles development [24].
Moreover, it has been revealed that different facial types
influence the cortical bone shape, thickness and mineral-
ization [25].

Bone structure is considered to have a close connec-
tion with the facial growth pattern [26]. Studies revealed
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that patients with hyperdivergent growth pattern are at
risk of miniscrew failure since they possess thinner and
less dense dento-alveolar bone [27]. Another study indi-
cates that lower incisor cancellous bone support is sig-
nificantly associated with hyperdivergent growth pattern
[28]. It has been suggested that the hypodivergent and
normal facial growth patterns are associated with thicker
lower incisor bony support compared to hyperdivergent
patients [28]. As hyperdivergent patients have thinner
cortical bones, percussions should be taken when insert-
ing minscrews [29].

The combined effect of the density and the thickness of
the cortical and the cancellous bone in the optimal sites
in the maxilla and the mandible for the placement of mini
screws in subjects with different facial types is a topic lit-
tle discussed [30]. This CBCT based study was designed
with the hypothesis that whether there is any differences
in the quality and quantity of the optimal sites for insert-
ing miniscrews in the anterior and posterior regions
of the maxilla and the mandible in respect of different
growth patterns.

Materials and methods

This study is approved by the research ethics commit-
tee of the university (Grant#IR.SUMS.REC.1397.984).
150 full face CBCT scans of patients referred to oral
and maxillofacial radiology department of Shiraz Den-
tal School were retrieved using non-probability conve-
nience sampling. The informed consent was obtained
from all subjects. Patients with systemic disease (such as:
Hypothyroidism, Rheumatoid Arthritis, Diabetes, etc.),
previous or current orthodontic treatment, obvious peri-
odontal disease, evidence of previous trauma, missing
and severely ectopic teeth were excluded from the study.

The CBCT images had been obtained using the FPD-
based CBCT (New TomVGi, QRSrL, Italy). The CBCT
scan had been set with an exposure time of 3.6 s, 110kVp
and 15 cm* 15 cm field of view. The images were ana-
lyzed using NNT viewer software. In order to analyze the
subjects’ facial growth pattern, CBCT-synthesized lat-
eral cephalograms were generated (Fig. 1). By analyzing
the images 45 scans were ultimately selected for further
investigations.

CBCT-synthesized lateral cephalograms were saved
as JPEG images and imported to Onyx Ceph™ software
(version 2.7.7, image instrument, Chemints, Germany)
for the purpose of assessing the following cephalometric
measurements: facial height index (posterior facial height
divided by anterior facial height multiplied by 100), SN-
GoGn (angel between sella-nasion and gonion-menton).
According the cephalometric analysis subjects were
divided into three facial type categories: hyperdivergent
group formed from 11 women and 2 men (SN-GoGn>39°
and facial height<59%), normal (group consisting of 13
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Fig. 1 A CBCT synthesized lateral cephalograms

women and 4 men (28° < SN-GoGn<39° and 59% < facial
height index<63%) and hypodivergent group including
10 women and 5 men (SN-GoGn<28°and facial height
index>63%).

The cancellous and the cortical bone thickness and
density of the inter-radicular area between the maxil-
lary central and the lateral incisors, between the max-
illary second premolar and first molar, between the
maxillary first molar and second molar and in the man-
dible between the mandibular lateral incisor and canine,
between the mandibular second premolar and first molar
and between the mandibular first molar and second
molar were selected for measurement. The mentioned
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sites are of the most frequently used sites for mini screw
insertion.

The measurement sites were determined on the multi-
planar images. We marked the middle of the inter-radic-
ular area on the axial sections(Fig. 2). In the corrected
coronal view, the thicknesses and the densities of the cor-
tical (labial/buccal and palatal) and cancellous bone at 4
and 7 mm from the alveolar bone crest were measured
(Fig. 3). The Cortical and cancellous bone densities in the
interdental areas were measured using Hounsfield units
(HU). The cancellous bone density of the maxilla was
measured at the one third of its total thickness near the
buccal and palatal cortical bone where is almost the end
of the length of the mini screw and the mean values were
recorded. In the mandible the density value near the buc-
cal cortex was only considered because of lingual cortex
limited use for mini-screw placement.

Statistical analysis

Data were presented by mean and standard deviation.
One-way ANOVA analysis was used to compare the
mean values of densities and thicknesses of the three
groups. Subsequently, pair-wise comparisons were car-
ried out using Tukey and LSD post hoc tests to discover
the differences. The data analysis was performed with
IBM SPSS statistics version 25 for windows and P<0.05
was considered significant in this study.

Results

In the anterior region between the maxillary central and
lateral incisors, the mean value of the buccal inter-radic-
ular cortical bone thickness at 4 mm from the alveolar
crest (IBCBT4) was lower for hyperdivergent group than
the other two groups. The hypodivergent and hyperdiver-
gent group showed higher values for inter-radicular can-
cellous bone density at 4 mm from alveolar crest (ICBD4)
in the mentioned site in compare to normal group. the
mean value of the inter-radicular palatal cortical bone

Fig. 2 Axial section of the maxilla (A) and axial section of the mandible (B)
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3mm from crest

7mm from crest

Fig. 3 A) Corrected coronal section through the inter-radicular area between upper left first and second molars

With the measurements of inter-radicular buccal cortical plate thickness at 4 mm (IBCBT4) and buccal cortical plate thickness at 7 mm (BCBT7) apical to
the crest of the alveolar bone. inter-radicular palatal cortical plate thickness at 4mm (IPCBT4) and inter-radicular palatal cortical plate thickness at 7mm
(IPCBT?) apical to the crest of the alveolar bone. inter-radicular cancellous bone thickness at 4 mm (ICBT4) and inter-radicular cancellous bone thickness
at 7mm (ICBT7) apical to the crest of the alveolar bone. B) Coronal section through the inter radicular area between lower right second premolar and first

molar with the measurements.

thickness at 7 mm from the alveolar (IPCBT 7) at the
selected sites was lower for hyperdivergent group than
normal and hypodivergent group (Table 1).

In the posterior region, between the maxillary second pre-
molar and first molar, the mean values of the cortical and
the cancellous bone thickness and density did not show any
statistically significant differences. However, buccal inter-
radicular cortical bone thickness at 4 mm from the alveolar
crest (IBCBD4) of the mentioned site showed higher values
in normal group than the other two groups. The mean value
of the inter-radicular palatal density at 7 mm from the alve-
olar crest (IPCBD7) was lower for hyperdivegent group than
normal group in this site (Table 1).

Between the maxillary first molar and second molar, the
mean value of the buccal inter-radicular cortical bone thick-
ness at 4 mm from the alveolar crest IBCBD4) was greater
for normal group in compare to the other two groups. The
mean value of inter-radicular buccal cortical bone density at
7 mm from the alveolar crest (IBCBD7?) of hyperdivergent
group was lower than normal group in this site (Table 2).

Regarding the cancellous bone thickness in the ante-
rior region and cortical and cancellous bone thickness
in the posterior region of the maxilla, no significant dif-
ferences were found between the three groups. Consid-
ering the inter-radicular cortical and cancellous bone
thickness and density between the lateral incisor and
canine, between the second premolar and first molar and

between the first molar and the second molar at 4 and
7 mm from the alveolar crest in the lower arch, no sta-
tistically significant differences were found among three
facial types (Tables 2 and 3). The results of this study
showed no statistically significant differences between
male and female subjects.

Discussion

Among different factors that play a role in miniscrews
success rate, cortical bone thickness and density are of
major importance. The miniscrews retention relies on
mechanical retention rather than osteointegration [7, 20].
Furthermore, it is reported that the cancellous bone den-
sity is of great significance for miniscrew insertion in the
absence or presence of cortical bone and in this regard its
thickness becomes important when there is a thin corti-
cal bone [7, 31]. Therefore, knowledge of the bone char-
acteristics enables the clinician to develop appropriate
anchorage strategies.

It has been reported that there is a relationship between
different vertical facial dimensions and bone morphology
[24, 32]. In this regard, this study aimed to compare the
buccal and the palatal cortical and cancellous bone thick-
ness and density of three different facial patterns using
CBCT images of the patients at the selected sites for
mini-screw placement.
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Z} B According to the results of this study, the hypothesis
2 8 was accepted to some extent. In our study, hyperdiver-
3 é g . gent subjects had thinner buccal cortical bone thickness
glg E= at 4 mm from the alveolar crest and palatal cortical bone
- o o thickness at 7 mm from the alveolar crest between maxil-
§ ; § lary central and lateral incisors in compare to hypodiver-
< B gent and normal subjects. Regarding the bone thickness
E} § g E & and density no significant differences were found in the
o I mandible among three groups.
882 Different studies measured the alveolar bone thickness
E ;‘ 3 g 5 and height in the tooth bearing area of the arch in both
g4 @0y jaws. Some studies reveal that hyperdivergent group pos-
Az e sess significantly thinner alveolus in the anterior region
= s s 3 while no differences were found in the posterior region
SIS g 8 E of the maxilla which is similar to our findings. However,
N in contrast to our study, hyperdivergent group demon-
g 5 % strated thinner alveolus at almost all sites in the lower
s = arch [24, 33]. Some studies only evaluate the influence
3 % % % s of the bone thickness for miniscrew insertion regardless
SRR of its density, however, we evaluated the combined effect
24983 of density and thickness in the interradicular area com-
€823 monly selected for miniscrew insertion [24]. Another
P % é % . study revealed that alveolar ridge thickness measure-
IR ments were greater at all sites for hypodivergent subjects
e than the hyperdivergent group [34].
¥ A Similar to our results, Horner et al. used the sagittal
B é % % 8 view of interradicular sites 5 mm from the alveolar crest
o o B to show that in hypodivergent group on buccal and pal-
S 888 ¢ atal sides in both jaws the cortical bone is thicker [24].
Slglrnz |5 The only location in the maxilla which is not significantly
BEEREREE: E: thicker in the hypodivergent subjects was the buccal site
% 5o = between the first molar and the second premolar. In the
i é % % § mandible, only the buccal sites between the molars and
gl ladaa |8 the premolars, and the lingual sites between the second
PR S % premolar and the first molar showed statistically signifi-
é Bl==r=0 % cant group differences [34].
g 2% 8 g Some studies examined the correlation between the
5| |2 28 § arch form and facial form [23, 26, 35]. Chaturvedi et al.
El ld 3 4 § investigated the relationship between the face form, the
g § § g g S g arch form and the cortical bone thickness and they found
Y R that both the face form and the arch form had significant
g |8 &% g effect on the cortical bone thickness [23].
ZIE g § E - ?‘3 Han et al. assessed the relationship between three
g g0 %X g § % growth patterns and mandibular posterior tooth and
% gge 5 ;‘: alveolus bone morphology. They reported that patients
221559, 2 with horizontal growth pattern possess thicker corti-
g g % g % § § % cal bone, however, no relationship was found between
g s 8 growth pattern and mandibular cancellous bone thick-
g g £ s ness in this area [32].
5 é ‘g é Hoang et al. found thicker alveolus in the anterior
o3| . g5 region of the mandible at the apex of the root and at the
2|32 & 2 % level of the alveolar crest in hyperdivergent patients [36].
% g g é EE 5 g Qu et al. measured lower incisor cancellous bone thick-
S8z 4y & ness (LICBT) at the level of the root apex and found



Hasani et al. BMC Oral Health (2023) 23:753 Page 6 of 9

L% B thinner LICBT in hyperdivergent patients [36].This is in
2 8 contrast to the results of the current study. Our different
5 é g L results might be due to the different measurement sites.
gg £¢ In our study, higher cortical bone density in the poste-
o o o rior region of the maxilla in normal group was observed.
§ ; § It was revealed with our study that in the hyperdiver-
TR gent group there is a less dense bone on the palatal side
E} § g E & between the second premolar and the first molar and on
B the buccal side between the first molar and the second
28 molar.
% g E g o Ozdemir et al. [37] study evaluated cortical bone den-
82223 sity from the distal aspect of the canine to the mesial
2z e aspect of the second molar at 4 mm from the alveo-
= s s 3 lar crest in the three facial growth pattern categories
gle 8 & g and found that hyperdivergent patients have unfavor-
N able cortical density on the maxillary buccal side. We
?j. % % encountered the same results only between upper first
i and second molars. They suggested that for the hyperdi-
3 % % % © vergent patients, maxillary palatal side is a favorable site
SRS I for miniscrew insertion. With reference to their study, it
2493 was revealed that in three facial growth pattern groups,
¢ a3 the maxillary buccal side can be chosen as an optimal
P % é % _ site for mini-implant insertion. Considering the result of
CIER = our study, we suggest the palatal side is a suitable site for
e mini-screws insertion in hyperdivergent patients.
¥ e A According to Ozdemir et al. [37] Subjects with hyper-
g é é % 2 divergent facial type demonstrated lower values for bone
il density on the buccal side of the mandible, however, we
a8 § did not find any differences among the three groups.
Sla oy |5 Li et al. [30] measured inter-radicular buccal cortical
gleges E: bone thickness (IBCBT), inter-radicular cancellous bone
2@ £ density (ICBD) and inter-radicular cancellous bone den-
S |2 sity (ICBD) at 3 mm apical to the alveolar bone crest of
FIR é g g ‘=§ both jaws. They measured the density of the cancellous
g8z ¢ & B % bone at buccal and lingual sites located 2.0 mm inside the
gB==~- s % cortical bone plates and at the central site. ICBD is deter-
2l |s o B § mined by the mean of the three measured values. But we
= g § 3|2 used a different method for measuring the ICBD. Similar
g P g é‘ % ) é to our results, considering IBCBT measurements of the
E g § § ~gle maxilla at 5-6 (5-6 representing the second premolar
gl T oe and first molar) they reported no significant differences
gl |B&R B among three facial growth patterns groups. However,
ZIE g § E & ?‘3 BCBT of the mandibular measurements at 5-6, 6—7 and
g 8053 % the maxillary cancellous bone density (CBD) measure-
% ggp 5 ;‘: ments at 5-6,6—7 were significantly higher in hypodiver-
2% 9 ¢ e 2 gent group than the other two groups. The hypodivergent
AFEREERs 3 % BCBD measurements at 1-1 was significantly higher
g s g than the normal. The hypodivergent and hyperdivergent
é g £ % BCD measurements at 1-2 were significantly higher than
5 é g é the normal group. The CBD measurements for normal
o3| - g 5 group at 1-2 were significantly higher than the hyperdi-
3|3 & 8 2 % vergent group.
9% % S E 8|5 £ In our study, no significant difference was found
2 S5 is ¢ between genders which agrees with the previous studies
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[19, 38, 39]. We measured bone characteristics at selected
- sites for mini-implant placement which were proved to
8 g be the optimal sites by previous studies [40].
= . .
£ © The use of CBCT for evaluation of bone density as a
8% % guide for miniscrew insertion is a strength point in the
T2 study; On the other hand, the questionable diagnos-
+HoH o+ . . : :
3583, tic capacity of CBCTs in converting GVs to HU as was
g8 8% 8 depicted by Eguren et al. [41]due to the lack of clinical
o o o studies was of our limitation.
28R
[ |
o o O
BlH o+
'§ gR3% Conclusion
- - - - o . . . .
Hyperdivegent group presented thinner cortical bone in
0 o . .
R a& the anterior of the maxilla between the central and the
o m O
% A lateral incisors compared to normal and hypodivergent
M Y N .
g§= -2 group. Less dense cortical bone was found between max-
539 illary second premolar and first molar on the palatal side
NN .
£z 5% and also between the maxillary first molar and the sec-
+HoH H : : :
8 3 ond molar on the buccal side in hyperdivergent group.
o~ N 9 g ] . .
818888 Normal group showed higher density values in the poste-
rior of the maxilla compared to the other two groups. No
o m <
~ n o . . .
383 significant differences were found among three groups
4 in the mandible. Therefore, clinicians should be aware of
| N O < o1 . . . .
8338 the probability of the thin cortical bone in the anterior of
Om ] K3 . . .
e the maxilla and less dense cortical bone plates in the pos-
%8 7 terior of the maxilla which both can increase the risk of
doy o mini-implants failure in hyperdivergent subjects. On the
NS o o~
El8 &3 a . . .
Bls =3 3 basis of present study, we recommend taking precautions
o o o in hyperdivergent patients while inserting mini-screws
=3 S in the anterior of the maxilla because of the existence of
o | H O+ 4 . . . .
B2 S = the thinner cortical bone. Also, in the posterior of the
-2 £ 8 ; . . .
2= = = 3 maxilla as it seems the bone to be less dense in this area
a & g mini screw should be inserted with care. It is suggested to
~ o wn
wn D ™M
d o conduct further studies with larger sample size to clarify
— n O m
< <+ © ™
o %W such an issue.
IS —~ ™
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