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SUMMARY: This study was performed to identify optimal microimplant sites in the mandibular retromolar area by measurement
and analysis of cortical bone thickness and density. Forty-nine records of cone-beam computed tomography were selected from 173
patients. Invivo 5.2 software was used to measure the thickness and density of 25 sites on a mesh in the mandibulaanedromolar
Pearson correlation, Spearman correlation, and binary logistic regression analyses were performed to explore correlaions betwe
retromolar measurements and patient characteristics. The LSD test was used to identify optimal microimplant sites iDieisraga.
ANOVA, with post hoc SNK test, was used to compare optimal microimplant sites among the retromolar area, the distobu€cal bone o
the second molar, and a location between the first and second molars. The mean thickness and density of mandibulaoréittaimolar ¢
bone were 2.3% 0.76 mm and 530.40188.83 HU, respectively. In the mandibular retromolar area, the thickness and density of cortical
bone increased from the lingual to buccal sides, and from the distal to mesial. Among 25 sites, S5C1 had the greateanthickness
density; it exhibited greater thickness and density, compared with the distobuccal bone of the second molar and thenite ffiestvee
and second molars. For distal uprighting of mesially tipped molars, we recommend placement of microimplants into the retromolar
distobuccal site; for distalization of mandibular dentition, we recommend placement of microimplants into the retromdlaccaésio
site (S5C1) or 2 mm from the mesial direction of the second molar distobuccal site (B).
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INTRODUCTION

Microimplants are widely applied in orthodontic To achieve microimplant stability, adequate bone
treatment, such as eruption of impacted canines (Park & @hickness and density are needed (Park & Cho, 2009). Several
2010), intrusion (Yaet al, 2004) or uprighting (Past al,  previous studies have evaluated the thickness of alveolar bone
2004) of molars, retraction of anterior teeth (Aljhani &ith cone-beam computed tomography (CBCT), and they
Zawawi, 2010), treatment of skeletal Class | bialveol&zhowed that cortical bone was thicker in adult patients
protrusion (Upadhyagt al, 2008), treatment of Class Il (Farnswortfet al, 2011), as well as those with hypodivergence
deep bite (Parlet al., 2011) distalization of maxillary (Horneret al, 2012) and low angle (Ozdenet al, 2013).
dentition to correct Class Il malocclusion (Bechtetdal,

2013), and distalization of mandibular dentition to correct For distalization of lower dentition, there are three
Class Il malocclusion (Chureg al, 2010). The advantages positions for microimplants: the alveolar bone between first
of microimplants, such as low cost, immediate loading, eaged second molars, distobuccal bone to second molar, and
of placement and removal, and small size that allowetromolar area (Park, 2015). For safe microimplant
placement in alveolar bone (Park, 2015) have led fdacement, the mandibular retromolar area exhibits adequate
expansion of their use. bone thickness and density (Patkal, 2008); it also does
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not carry a risk of root damage. Thus, the mandibuldnstruments and software.CBCT images were acquired

retromolar area is a suitable microimplant site for distalsing an X-ray scanner, with the settings 15 mA and 120

uprighting of mesially tipped molars (Pakal, 2004) and kV (CB MercuRay, Hitachi Medical Corporation, Tokyo,

distalization of lower dentition (Pole#t al, 2013). Because Japan). The measurement method was “cone beam 360,”

the force directions during the treatment are differersican time was 10 seconds, and slice thickness was 2 mm.

according to placement sites, different site can be chos€he resulting CBCT data were analyzed using Invivo soft-

for each treatment. Therefore, the understanding of boware (Version 5.2, Anatomage, San Jose, CA, U.S.A)) for

quality and quantity on each site might be utmost importamheasurement of cortical bone thickness (mm) and density
(HU).

To the best of our knowledge, there have been few

studies regarding cortical bone thickness and density at sieasurement sitesFive parallel sagittal lines (S lines)

in the mandibular retromolar area. Accordingly, this studwere drawn with 2 mm interval from the disto-buccal side

was performed to measure the thickness and density affthe second molar (Fig. 1). Five parallel coronal lines (C

mandibular retromolar cortical bone at various sites by usitiges) were drawn at 2 mm interval from the distal surface

CBCT images; it also explored correlations betweeof the second molar on coronal slices of CBCT images

retromolar measurements and patient characteristics, dfdg. 1). In this manner, an 8-mm-wide (64 square

then identified optimal microimplant sites in these areas. millimeters) square mesh was formed in the mandibular
retromolar area, with five measurement sites on each line.
Hence, 25 microimplant sites were measured on the “S ~

MATERIAL AND METHOD C mesh.” And cortical bone thickness and density were
measured at site C (2 mm buccal on distal surface line of
the second molar), and site B (2 mm mesial to site C), and

The Institutional Review Board of the Kyungpooksite A (site between first and second molars, 5 mm below

National University Dental Hospital approved the study. Fahe alveolar crest).

this retrospective study, CBCT records were screened for

173 Korean patients who had visited the Kyungpook

National University Dental Hospital (Daegu, Korea) during §5 sS4 s3 S22 Sl

the period from November 4, 2010 to October 10, 201 [ \ -

CBCT records were included if they met the followinc / \ )

criteria: first and second mandibular molars were intact; r r
dental implants were present; and the patients had no hist \ =
of orthognathic surgery or diseases affecting cortical boi o5
thickness and density. CBCT records were excluded, if tl :
mandibular retromolar area could not accommodate a squ \ -
mesh of 64 mrhin the “Axial 3D Volume Clipping” mode; B
cortical bone discontinuity and shadows were presentin t \ -
mandibular retromolar area; and/or third molars had be )

extracted within the previous 6 months. Following \ \
application of these criteria, the CBCT records of 49 patier Buccal C Lingual
(31 men and 18 women) were included in this study; of the *1¢ ) mm' sice
49 patients, 19 and 30 had and did not have third mola B 2 mm
respectively, while 15, four, and 30 had skeletal Class I, Cle

Il, and Class lll malocclusion, respectively. The averag

patient age, the average SN-GoGn angle and the aver.

mandibular retromolar area are shown in Table I, €

determined using the “Axial 3D Volume Clipping” mode in o

CBCT images. A

2 mm

Fig. 1 Five parallel sagittal lines (S1-S5) intersect five parallel

Table | Patient characteristics. coronal lines (C1-C5) in the mandibular retromolar area with a 2

Mean Std. Deviation mm interval; Site C, 2 mm buccal from the buccal surface on distal
Ages 2453 5.30 surface line of the second molar; Site B, 2 mm mesial to site C;
SN-GoGn (°) 34.06 6.57 Site A, site between the first and second molars, 5 mm below the
Area (mnf) 19201 26.23 alveolar crest.
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Statistical analyss.|IBM SPSS Statistics, version 21.0 (IBM RESULTS

Corp. Armonk, NY, USA) was used for statistical analysis.

The Shapiro-Wilk test was used to analyze the normality of

the data; notably, all data demonstrated a normal distributid@orr elation between retromolar measurements and
Pearson and Spearman correlation analyses, as well as birdrgracteristics of 49 patientsSpearman correlation analysis
logistic regression analysis, were performed to assessealed a significant relationship between the cortical bone
correlations between mandibular retromolar measurements ahitkness of the mandibular retromolar area and the presence
patient characteristics. The twenty-five microimplant sites iaf a third molar (P < .01; Table Il). To further assess this
the mandibular retromolar area are located at 2-mm intervaisrrelation, binary logistic regression analysis was applied.
from each other. Hence, for mean comparisons among 25 sifes shown in Table IllI, the cortical bone thickness of the
on the “S” C mesh,” the Least Significant Difference (LSDjnandibular retromolar area was thicker in patients with a third
test was used. One-way ANOVA, with post hoc SNK testnolar than in patients without a third molar.

was used to compare the optimal microimplant sites among

the retromolar area, and site A, B, and C. To calculate thickné3srtical bone thickness inretromolar area. The mean
and density measurement errors, 49 measurement sites whiekness of mandibular retromolar cortical bone was 2.35
randomly selected and remeasured one month later, the0.76 mm; site S5C1 (3.5/0.61 mm) exhibited the greatest
compared using the paired t-test (P < .05) and Dahlberg's foortical bone thickness among the 25 sites (Figs. 2 and 4).
mula (Dahlberg, 1940), respectively. Paired t-tests showdtbreover, the LSD test revealed a significant difference
there were no significant differences between thickness ahdtween site S5C1 and the remaining 24 sites (Table 1V; all
density measurements. Dahlberg's formula (Dahlberg) &< .0001). The cortical bone thickness increased from the
thickness and density measurements revealed method ertorgual side to the buccal side, as well as from the distal side

of 0.60 and 76.94, respectively to the mesial side (Figs. 2 and 4).
Table Il Correlations between retromolar measurements and patient demographics.
Thickness (mm) Density (HU)
Correlation Sig. Correlation Sig.
coefficient coefficient
Sex -0.213 0.143 0.135 0.356
Age -0.195 0.180 -0.137 0.348
Skeletal class 0.265 0.065 -0.065 0.659
SN-GoGn (°) 0.055 0.706 0.091 0534
Third molar presence 0.480** 0.000 0.222 0.125
Left or right 0.218 0.133 0.142 0.330
Thickness (mm) 0.246 0.089
Density (HU) 0.246 0.089
** P < .01 (two-tailed).
e
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Fig. 2 Mean cortical bone thicknesses of 25 microimplant sites Fig. 3 Mean cortical bone densities of 25 microimplant sites in the
the mandibular retromolar area. mandibular retromolar area.
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Table Il Binary logic regression analyses of cortical bone thickness and third molar presence.

B S.E, Wals df Sig. Exp (B)
Step £ Thickness (mm) 3.238 1.060 9.337 1 0.002 25482
Constant -8.197 2577 10.118 1 0.001 0.000

a. Variable entered in step 1: thickness.

Cortical bone density in retromolar area. The mean Table IV Multiple comparisons of cortical bone thickness in retromolar
density of mandibular retromolar cortical bone wagrea.

530.49+ 188.83 HU; site S5C1 (731.96144.36 HU) )z (I z Thickness (mm)
exhibited the greatest cortical bone density among the Mean Difference (I-J)  Std. Error Sig.
25 sites (Figs. 3 and 4). Moreover, the LSD test reveale@5C1  S1C1 1.586* 0.093 <.0001
a significant difference between site S5C1 and the sic2 1.731* 0.089 <.0001
remaining 24 sites (Table V; all P < .0001; C2S2, P = S1C3 1.886" 0088 <0001
0.002). The cortical bone density increased from the S1c4 1'985: 0.094 <0001
lingual side to the buccal side, as well as from the distal 2;?13 i'ggz* 8'8?3 z '8881
side to the me_S|aI side, W|th_the e_xceptlon of five S22 1447 0083 < 0001
measurement sites on the S2 line (Figs. 3 and 4). 203 1.654* 0084 < 0001
. . . S2C4 1.795* 0.083 <.0001
Comparison of thickness and density of S5C1, C, B s2C5 1.910* 0.080 <0001
and A sites in the mandible Differences in thickness s3C1 0901* 0074 < .0001
and density were compared among the retromolar S3C2 1.172* 0.078 <.0001
mesiobuccal site (S5C1), and site A, B, C. Statistical S3C3 1371 0073 <.0001
analyses were performed with the SNK test. The cortical S3C4 1552+ 0073 <.0001
bone thickness and density of site C were 23786 S3C5 1622+ 0.085 <.0001
mm and 453t 115 HU, respectively; cortical bone S4C1 0513 0.056 <.0001
thickness and density of site B were 2:81.01 mm S4C2 0.826* 0.069 <.0001
and 511+ 106 HU, respectively; and cortical bone S4C3 0.944* 0.059 <.0001
S4C4 1.104* 0.067 <.0001
S4C5 1153 0.082 <.0001
S5C2 0.256* 0.032 <.0001
S5C3 0452* 0.048 <.0001
S5C4 0.565* 0.058 <.0001
S5C5 0.704* 0077 <.0001

Based on estimated marginal means *. P < .05 for mean difference. c. Adjustment
for multiple comparisons: Least Significant Difference test (equivalent to no
adjustments).

thickness and density of site A were 2:60.54 mm and
557 + 99 HU, respectively (all shown in Fig. 4). Cortical
bone thickness and density were significantly greater at site
S5C1 than at sites C, B, and A in the mandible (all P < .05)
Buccal 2L Lingual  (Figs. 5 and 6). Cortical bone thickness and density were

side side significantly greater at site B than at site C, while cortical
WroeB 2 mm bone density was significantly greater at site Athan at site C
(both P < .05) (Figs. 5 and 6). However, there were no
statistical differences in cortical bone thickness and density
between sites A and B (P > .05) (Figs. 5 and 6).

5 mm
—

Sl A

Fig. 4. Cortical bone thicknesses and densities of sites A, B and C,
and 25 microimplant sites in the mandibular retromolar area.
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Nz )z Density (HU)
Mean Difference (I-J) Std. Error Sig.

S5C1 SicC1 276.857* 18.899 <.0001
S1c2 337.163* 18.956 <.0001
S1c3 376.531* 20.620 <.0001
S1C4 383.408* 20.196 <.0001
S1C5 385.224* 19.918 <.0001
S2C1 221.327* 16.931 <.0001
S2C2 205.980* 62.355 0.002
S2C3 285.633* 16.938 <.0001
S2C4 283.041* 20.212 <.0001
S2C5 294 .898* 21.361 <.0001
S3C1 128.939* 12.215 <.0001
S3C2 186.837* 12951 <.0001
S3C3 197.265* 12,180 <.0001
S3C4 203.878* 17.372 <.0001
S3C5 234592 18.303 <.0001
S4C1 47.857* 9951 <.0001
S4C2 98.367* 12.216 <.0001
S4C3 137.592* 13131 <.0001
S4C4 168.592* 13.965 <.0001
S4C5 194.796* 13424 <.0001
S5C2 39.694* 5.220 <.0001
S5C3 80.408* 8.563 <.0001
S5C4 122.122* 10.626 <.0001
S5C5 145.755* 12.029 <.0001

Based on estimated marginal means. *. P < .05 for mean difference. c. Adjustment
for multiple comparisons: Least Significant Difference test (equivalent to no

adjustments).

:

S5C1 (retromolar mesiobuccal site)
C (second molar distobuccal site)

B (2 mm from the mesial direction of the site C)

A (the site between the first and second molars)

(=2

w

w

Mandibular cortical bone thickness (mm)
© IS
pova v b by b by be v byaa ol

0

DISCUSSION

The mandibular retromolar area is
increasingly used as a microimplant site for
distal uprighting of mesially tipped molars
(Park et al., 2004) and retraction of
mandibular dentition (Poletét al). With
respect to bone density measurement, the
X-ray absorption of bone exhibits a constant
ratio to calcium in terms of bone volume
and this is influenced by the radiopaqueness
guality of roentgenograms (Buck &
Wheeler, 1969). Hounsfield (1995) invented
the first CT scanner, and Misch (2008)
proposed that Hounsfield units (HU) could
be used to express bone density.
Furthermore, Parkt al (2008) evaluated
bone density at nearly all orthodontic
microimplant sites in adult patients, and
Choi et al (2009) concluded that density
values were higher in the mandible than in
the maxilla. Regarding the mandibular
retromolar area, Buck & Wheeler concluded
that retromolar and alveolar bone density
did not significantly differ. There have been,
however, not enough study evaluating the
differences in bone thickness and density
according to sites. This study quantitatively
measured cortical bone thickness and
density in the retromolar area on a mesh in
CBCT images. Previously, Pagkal (2008)
suggested that the success rate of
microimplants could be affected by bone
density and thickness. To improve the
success rate of microimplants in the
mandibular retromolar area, we aimed to
identify optimal microimplant sites in this
area.

Our results showed that cortical bone
thickness in the retromolar area was 2:35
0.76 mm. It was consistent with a previous
study stating that the retromolar area had
sufficient cortical bone thickness (1.96 to
2.06 mm) (Park & Cho, 2009), although it
was thinner than in our study. The density
of the retromolar area was 5304288.83
HU; these results were consistent with the
findings of Misch, who evaluated the D3
(350-850 HU) in the posterior mandible and

Fig. 5 Comparison of thicknesses of S5C1, A, B and C sites in the mandible (fRaxilla. Thus, the mandibular retromolar

.05).

area is suitable for microimplant placement.
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1,600 — , , Notably, microimplant
- KXH S5CI (retromolar mesiobuccal site) )
4 | BER] C (second molar distobuccal site) placement in the retromolar area
— 7] B (2 mm from the mesial direction of the site C) H
1,400 — [T 1 A (thesite between the first and second molars) m ay Caljl se soft tIS.S ue
] " inflammation and patient
S = | discomfort (Park, 2015).
= 1200 I x Moreover, the heads of
) ] * microimplants can be covered by
51,000 . soft tissue and involve occasional
2 i ‘|’ I | occlusal contact with upper teeth;
< 800 il the need for a ligature wire
= 800 % I . .
2 - extension may be evident (Park,
8 - REREA —|_ T 2015). Therefore, the mesial and
5 600 > buccal sites might be suggested
S i 4 . .
= ] - /A g T fqr ml_croqnplant placemeht for
< 400 1 distalization. However, if an
] extrusive force is needed during
T £ distalization (e.g., during Class Il
200 )
. camouflage treatment), the distal
] retromolar area might be a
0— 1 suitable option. Otherwise, the
Fig. 6 Comparison of densities of S5C1, A, B and C sites in the mandible (*P < .05). retromolar area may be

unsuitable, despite the presence
of greater bone thickness and

The results of Spearman correlation and binargensity, compared with the distobuccal bone to the second
logistic regression analyses showed that the presence afi@lar. Especially in patients who exhibit hyperdivergence,
third molar was significantly positively correlated withmandibular posterior teeth should be intruded during
retromolar cortical bone thickness; moreover, the corticdlstalization to minimize mandibular plane angle opening
bone thickness of the retromolar area was greater in ttwethe increase of the lower facial height. In these instances,
presence than in the absence of a third molar. The redutecachieve intrusive force by positioning the head of
cortical bone thickness in the retromolar area of the secomitroimplant down to brackets level, microimplants need
molar might be caused by third molar extraction (Parko be placed in distobuccal bone to the second molar or in
2015), although we excluded images from patients whhe bone between the first and second molars (Park, 2015).
had undergone extraction within the previous 6 monthBecause bone in the mandibular posterior and retromolar
To facilitate the success of microimplant placemenareas exhibits sufficient thickness and density, the
orthodontists should carefully monitor the thickness gilacement site can be determined by the force direction
retromolar cortical bone in patients who have undergoritable for treatment (Park, 2015). Our results showed that
third molar extraction, during implantation ofcortical bone thickness and density were higher at site B
microimplants in the mandibular retromolar area. (i.e., 2 mm mesial to site C) than at site C (i.e., 2 mm distal

and buccal to the second molar); there wersigiaificant

For distalization of mandibular dentition, thedifferences in cortical bone thickness and density between
distobuccal bone of the second molar or the retromolar arsites B and A (i.e., site between the first and second molars).
can be used for microimplant placement (Park, 2015). Théwus, microimplants can be placed into site B for
LSD and one-way ANOVA assessments revealed that siistalization of the dentition and into site A for distalization
S5C1 had the greatest cortical bone thickness and densitylentition with intrusion of molars.
among 25 sites in the retromolar area; it exhibited greater
thickness and density, compared with the distobuccal bone  When placing the microimplants into mesio-buccal
of the second molar and the site between the first and secesiut of the mandibular retromolar or site A and B, clinicians
molars. Marquezaret al. (2014) concluded that need to remember the higher possibility of microimplant
microimplant stability has a positive association witliracture during surgery, as well as the possibility of occlusal
cortical bone thickness. Thus, microimplant placement abntact between microimplants and maxillary molars (Park,
the mesiobuccal site (S5C1) in the retromolar area can2@15). For distal uprighting of a mesially tipped second
recommended for the distalization of the mandibulanolar, microimplants need to be placed distally to provide
dentition. space for uprighting. The buccgile might be preferable
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to the lingual side(Parkt al, 2004), because mesially hueso cortical. Se seleccionaron 49 registros de tomografia
tipped second molars often exhibit lingual tipping; thusomputarizada de haz conico de 173 pacientes. Se utilizé el soft-

distal and buccal forces are needed to achieve an uprii§fe Invivo 5.2 para medir el grosor y la densidad de 25 sitios en
orientation una malla en el area retromolar mandibular. Se realizaron anali-

sis de correlacion de Pearson, correlacion de Spearman y regre-

Previ v P it al (2012 luded sion logistica binaria para explorar las correlaciones entre las me-
reviously, Fapageorgi al ( ) conclude diciones retromolares y las caracteristicas del paciente. La prue-

that the mean microimplant failure rate in the mandibulgy, ge | SD se utilizé para identificar los sitios 6ptimos de
retromolar area was 13.5 %; Park (2003) reported a IgWicroimplantes en esta area. Se utiliz6 ANOVA unidireccional,
success rate and Azeetal (2019) reported a retromolar con prueba SNK post hoc, para comparar los sitios 6ptimos de
microimplant failure rate of 23.2 %. These low success ratescroimplante entre el area retromolar, el hueso distobucal del
might have been caused by excessive heat during drillisggundo molar y una ubicacion entre el primer y el segundo mo-
in retromolar cortical bone, as well as inflammation relaté@r- E! grosory la densidad medios del hueso cortical retromolar
to movement and excess oral mucosa (Park, 2008)andibular fueron 2,35 0,76 mm y 530,4% 188,83 HU, res-
Therefore, to increase the success rate and reduce r;é)gg{lvamente. En el area retromolar mandibular, el grosor y la
en

. dth £l icroimol sidad del hueso cortical aumentaron desde el lado lingual al
generation, we recommend the use of long microimp arﬁﬁcal y desde el distal al mesial. Entre los 25 sitios, S5C1 se

and placement with a no-drill method in the mandibulafeterming el mayor espesor y densidad; presenté mayor grosor y
retromolar area. densidad, en comparacion con el hueso distobucal del segundo
molar y el sitio entre el primero y el segundo molar. Para rectifi-
Our study provides clinicians with accurate dataacion distal de molares con punta mesial, recomendamos la co-
regarding cortical bone thickness and density in tHecacion de microimplantes en el sitio retromolar bucal; para la
retromolar area, as well as information regarding Optimgist.aflizaciér.] de. la denticion mapdibular, recomenqlamos la colo-
microimplant sites, which may improve the success rate §¢i0n de microimplantes en el sitio retromolar mesiobucal (S5C1)
microimplant placement. A notable limitation of our stud ﬁlr;rnzéi)esde la direccién mesial del sitio distobucal del segundo
was that the sample size is small and the possible difference '
according to age and sex was not evaluated. Further studies  pa| ABRAS CLAVE: Retromolar: Sitios de
are required to evaluate the effects of these factors Ritroimplantes; Grosor; Densidad; Analisis de mallas.
cortical bone thickness and density.
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