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ABSTRACT

Objective: The purpose of this study was to evaluate the bone quality and quantity of jaws of mandible and maxilla by using

Cone Beam Computer Tomography (CBCT).
Design: Ten patients were scanned using (Promax 3-D, Planmeca, Finland) CBCT. These CBCT data which are recorded on

DICOM format are transferred into MIMICS software for density and cortical thickness measurement. Density and cortical
thickness evaluations are performed on CEJ, 6 mm, 9 mm and 12 mm from CEJ level in the anterior and posterior position of
mandibular and maxilla. Densities of bone are measured as average of Hounsfield Unit (HU) in the region of interest of bone

target and cortical thickness is measured using distance measurement facility on MIMICS software.
Result: in all level measurement (CEJ, 6 mm, 9 mm and 12 mm) shown that cortical thickness from anterior to posterior

increased; however the bone density decreased. Along sagittal direction, the cortical thickness increased from CEJ to 12 mm

from CEJ level either on mandible and maxilla, oppositely the bone density decreased. The cortical thickness in mandible is

thicker than maxilla. Meanwhile the bone density in mandible is higher than maxilla, the density difference is significant statisti-
cally (p < 0.05). comparison between inside and outside part, the density difference either on maxilla or mandibular is statisti-
cally not significant (p > 0.05).

Conclusion: Evaluation of site implant based on CBCT data give the valuable information about bone quality and quantity
of jaw bone. The obtained results demonstrate that the space for implant placement of mandible is more adequate than maxillao

not only bone quantity, the bone quality of mandible also higher than maxilla.
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INTRODUCTION

Accurate inlbrmation on implant site prior to surgery is required for
a surgeon. Not only to support the stability, this infbrmation is required
to determine the type of implant, tcchnique and aesthetic placement of
the implant hence the in-rplant success are realised satisfactory.

Bone quality and qr.rantity together with other factors such as tech-
nique of in-rplant placement deteminc the succcss of in-rplant, primary
implant stability and osseointegration process (Meredith. 1998). Clinical
sttLdies show greater rmplant survival in the mandible than in the upper
rnaxilla. due to the area's characteristics (Farrd-pages. et o1,2011). This
survival is Iimited by bone quality, i.e. bone density. Bone quality and
quantity of site implant has been examined using various methods
inclr,rding destructive and non-destructive method. Turkyilmaz and
Mcglumphy (20011) evaluated bone density using CT at hundrcd and
eleven of patient involving 300 implants. They showed that local bone
density has a prevailing influence on primary implant stability.

Gulsahi (2009) used convcntional CT through the panoramic image.
This method has ability to describe the anatomy of the jawbonc in two
dimensions precisely- Hou'ever, the conventional CT stil1 usrng high
doses of x-ray as i1 was reported by Benson et. o l. (199 l): and also Clhan

et.al. ( 2010).
Recently, Cone Beam Computcr Tomographl, (CBCT) technique is

more popular to be uscd as tools to evaluate site implant (ALantri et al..
2012). The advantages of CBCT are its high resolution. potentially
1ou,er radiation dosc and reduced costs comparecl with CT. Some rvork-
ers havc applied this method into dental implant technology to estimate
bone quality and quantity (lsoda e/ o1.,2011'); (Kaya et a/.,2012); (Hsu
et al.,20ll'). This study was conducted to evaluate density and corlical
bone of srtc implant based on CBCT measurcmcnt.

MATERIATS AND METHODS

Polienl Seleclion

Ten patients (seven males and three

1,ears) were included in thrs study. They
them was receiving any medication.

aged from 19 to 59
healthy and none of

femalcs,
wcre all

Receivcd on January I l, 20 I 3 and accepted on July 1 0, 20 I 3

1) Scbool of Dcntal Sciences, Universiti Sains Malaysia
lbl50 Kubang Kcrian. Valalsia

2) F-aculty ofBiomedioal Engineering and Health Science, Universiti Teknologi Malaysia
81310, Johor, Malaysia

Correspondencc to: Maya Genisa

(e-rnail: m genisa(rlyahoo.com)

ORAL SURGERY



Genisa M. et al- 413

Figure 1. Schematic of the three level at which the root of incisor I from Cemento Enamel Junction (CEJ) (a). The location of cortical
and bone density in maxilla at buccal (81,B.2,B.3,B'4,85,86, 87) and palatal (P1, P2, P3,P4, P5, P6, ,P7 (b)

Figure 2. Measurement of cortical bone thickness

Figure 3. Bone density of palatal (left) and buccal (right) of maxilla from anterior to posterior position

CBCT Scon Set Up

Ten patients are scanned using CBCT before implant treatment
using the Promax 3-D, Planmeca, Finland. To cnsure that the voltage,
curent, resolution, field of vierv (FOV), and patient's position did not
affect measurements of bone density and cortical thickness obtained
lrom the CBCT images, the CBCT parameters and patient's position
rvere idcntical in all of the CBCT scans. Befbre CBCT scanning, the
patient was placed in a standing position with the head Lrpright and posi-
tioned so that the intersection lines were straight holizontally and verti-
cal1y through the centre of the region of inlerest. CBCT ir-nagcs were
taken with the following paralneters; 84 kvp, I92.53 mAs, 320-pm
voxel resolution. and FOV 16 cm.

Bone Densily Meosuremenl

The CBCT data that are stored in data base ol CBCT machine are
exported into DICOM fonnat for bone evaluation purposes on MIMICS
so11ware.

For evcry paticnt, 56 points which are located on maxilla and man-
dibular are used to estimate bone density based on this CBCT data.
Eva[Lation starled from cemento enamel junction (CEJ) level as ref-er-
ence point and continued into 6 mm, 9 mm, and 12 mm from CEJ for
maxilla and mandible, see Figure 1(a). On horizontal position, evalua-
tions are perlormed from anterior to posterior position as shown in the
Figure 1(b). The ROI is determined as area around that position with 1

mrn of thickness and width area 6 mm'. Thc dcnsity is deflncd as mean

(b)
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Figure 4. Cortical thickness of palatal (left) and buccal (right) of maxilla from anterior to posterior position

Figure 5. Bone density ofbuccal (left) and lingual (right) ofmandible from anterior to posterior position

Figure 6. Cortical thickness of buccal (left) and lingual (right) of mandible from anterior to posterior position

value of HU in that 6 mm3 of volume.
Before bone densities are measured, the 3-Dimension model was

re-sliced to obtain new CBCT slices ofthe teeth that were perpendicular
to their longitudinal axes by using the "re-s1ice" function in MIMICS.
The process are continued to generate masking for bonb plus enamel
and enamel only. Boolean operation is performed on both of masking to
get the masking of bone only.

Corlicql Bone Meosuremenl

Cortical thicknesses are evaluated at the same location as well as
bone density measurement, except at CEJ level. In this level the corticai
thickness is not measured. Measurements are performed on bone enamel
masking. Image was being enlarged using zoom facility till 200%o to
make the boundary ofcortical bone identified c1ear1y. The first location
for measurement is at 6 mm and then continued for 9 mm and 12 mm
from CEJ. The thickness of cofiical was measured using distance mea-
surement tools on MIMICS software on sagittal view as shown in the
figure 2.

RESUTTS

The data measurement was analyzed statistically using SPSS 18
software (SPSS Inc., Tokyo, Japan). The confidence level was set to
95o/o for all analysis.

Buccol ond Pololol of Mqxillo

In 10 patients the bone density ofbuccal are denser than palatal but
the differences is not significant (p:0.151). On buccal the mean of
bone density is 730 HU meanwhile on palatal is 7l 8 HU. Along sagittal
direction, bone density on maxilla from CEJ level to 12 mm from CEJ is
decrease either on buccal nor palatal. Bone density distribution lrom
anterior to posterior for all level measurement is described in the Figure
3, the bone density increase from posterior to anterior.

The overall bone density was approximately between 663 and'179
HU for the maxillary bone. These numbers decreased progressively
from incisor area to the premolar area at CEI level ofbuccal. ln the area
between incisors and premolar l, bone density relatively constant.
Oppositely from premolar 1 to molar 3 bone density increases with the
level measurement. In palatal of maxilla, the bone density of cortical at
CEJ area is denser than alveolar hone.

The mean cortical thickness for three 1eve1s measurements (6 mm, 9
mm and 12 mm from CEJ) is 1.21 mm on palatal and 0.84 mm on buc-
cal. Meanwhile the prerequisite site implant for cortical thickness at
least 1.0 mm (Motoyoshi, Yoshida, Ono, & Shimizu,2007). The cortical
thickness difference between palatal and buccal is significant statistical-
ly (p < 0.05). Along vertical direction, cortical thickness increases from
level 6 mm to level 12 mm from CEJ either on palatal nor buccal. From
anterior to posterior, the pattern of cortical thickness either on palatal
nor buccal is not linear. The highest cortical thickness occurs among
canine and premolar. In the incisor area, the cortical thickness ofpalatal
is thicker than molar, oppositely on buccal, the cortical thickness is less
than moiar. The detail ofcortical thickness distribution along axial view
is described in the Figure 4.
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Buccol ond linguol of Mqndible

In the r-nandiblc, the mean of bone density is 860 HU on buccal and
857 HU on lingr.ral. This difl'erence is not significant statistically (p:
0.606). in sagittal direction. bone densitv increase from CIE.I Ievcl to 12
nlm from CEJ. Along vertical scction, bone density incrcase fi'om CEJ
level to 12 ilm, highcst dcnsity occurs at level 9 rnm fiom CEJ. In this
level thc nrean value is 873 HU on buccal, mean*,hile in lingua clensity
is increase more lincar.

Along arial drrcction. liom anterior to posteriol', the bone density is
decrcasing. Density in anterior is relatively denser than postcdor either
.rn lingurl ot brrrcal. sre Fir:urc 5.

The coltrcal thrckness on lingual generally rs thicker than buccal,
mcan of cofiical thickless is about 1.i4 mm on br.rccal and 2.92 mm on
lingual. This dif rence is srgnilicant statisticall), (p:0.001). In sagittal
vrerv. corlical thickness was increasc liom level 6 mm to lcvc1 l2 mm.
In this direction. the increasing is almost linear either on buccal nor 1in-
gua1.

In axial direction. cortical thickncss on buccal increasc cxponential-
ly fiom anterior to posterior. mcanrvhile in lingual the cortical thickness
increase 1o-carithrrically. The data showing that cortical thickness of
anterior on bnccal and lingual is thinner than posterior. Cortical thick-
ncss of postenor is twice morc thicker than anterior. Dctail of this distri-
bution is shown in the Figure 6.

DISCUSSION

Thc results of this study showcd that adequate amoLlnts of bone
u,ere identified in thc postenor marilla and r-nandible, adequate cortical
bone thickncss is clescribed as I mm (Gonzalez. 2008). The rnaxilla pro-
viclcd adequate bone thickness at the 1eve1 9 mrn except at second molar
hovn,ever Ibr lcvcl 12 mm all posterior and anterior is adequate fbr
implant placement. In thc level 6 mm availablc space only on second
incisor. canine and third mo1ar. horvever in this locatior.r the cortical
thickness ofbuccal is still not adcqr.ratc. The cortical thickncss on pala-
tal is thicker than br.rccal it is shou,rng that drilling should be placed
close to palatal side rather than to buccal side. At this levcl, consider-
ation should be taken into accollnt when implants are placed. This level
r,"'as of concern as thc location of the n'raxillary sinus. Mini implant is
more quitc suitable for this location.

Evaluation on srte implant on this locatiorr using cone beam com-
putcr tomography is useful to dctcmlne the dimension ol site implant
precisely. Surgeons able to usc this infonr-ration to dccjde the implant
type and implant placement technique. Such as in area rvhich is near to
maxillaries sinus, proper angle of implant placement on high density of
bone not only can suppofi implant stability but also can prevent the
maxillaries sinus disruption due to rncorrect surgcry process.

In the mandible, adequate cofiical bone thickness is available lbr all
lcvels and all position on lingual. horvever the adcquate cortical thick-
ness on buccal sidc only available on second premolar and llrst rnolar at
levcl 6 mm and first premolar to third molar at 9 mm. adequate cortical
thickness on buccal for all position occur at lqvel 12 mm. Our mcasure-
ment also showed that coflical thickness on lingual are thicker than buc-
cal. It is mean that drilling process on implant placement on mandible
also should be directed into lingual sidc. Comparing with maxilla, corti-
cal thickness of rlandible is more adcquate than maxilla. Implant place-
ment on mandible simpler than maxiila, only root channels and move-
ment of mucosa should be taken into consideration.

Evaluation on density ofjaw using cone beam computer tomogra-
phy can suppofi to gain knowledge about osseointegration and implant
stability in the futurc. Hence dillerent patlent with dilferent class (race,
age, gender, disease) is possible to need different trcatment to support
thc implant stabiiity based on bone density issucs. Classificarion ofbone
density based on CBCT measllrcnrent and its correlation with implant
stability and osseointegration prooess sti11 need to be investigated intent-
1y.

Comparing rvith other researcher. evaluation of site rmplant bascd
on CBCT data can be summarized as flollolvs: the corlrcal thickness was
comparing with other researcher (Fayeda, Pazerab, & Katsaros, 2010)
the result showing that the cortical thickness are mcasured r,',ith this

techniquc are the similar rvith thcir mcasurement. Chang et al. \2012)
evaluated tlrc bor.re clensitl, of alveolar at apical, ir.rtcruredrate and cen,i,
ca1 level using CBCT data also showed that the bone density increase
from CIIJ lcyel to intermediate level and dccrcasc again fion-r interntcdt-
ato to apical 1eve1. Obtained bone densitv also was cornpared n,ith
Turkyiimaz and Mcglurlphy ( 2008), thev evaluated I I I patient using
CT. Our rcsults are rn their ranse measurcmcnt.

coNcrusroN

ln gcncral. evaluation of site implant basccl on CBCT gives raluablc
inlormation about coriical thickncss ancl bone density ofjaw bone as
minimum requircnrcnt fbr adequate space determination fbr implant
placcmcnt.

Bascd on this study. it can be conclr.rdccl that the density ofbuccal is
denser than palatal on marilla, hon,er..er the diffet'ence betrvccn them is
not signilicant statistlcally. ln mandible also thc dcnsity ofbuccai is
highcr than lingual but the dilferencc is not signilicant statisticaliy.

The cortical thickncss of mandible is higher than rraxilla. At anteri-
or the outsidc part is thicker than inside pafi. oppositely on posterior the
insidc cortical thickness is thickcr than outside. These results shor,,-ed
that in general, thcrc are available areas with adcquatc bone thickress
and dcnsity 1br rmplant placemenl in mandible rather than in rnaxilla.
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