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ABSTRACT

Background: The type and architecture of bone are very important factors in the successful implant treatment, and it is
manifested that higher implant failure is more likely in the poorer quality of bone. Conventional bone classifications have
recently been questioned because they are subjective and retrospective.

Purpose: This clinical study aimed to determine the variations of the bone density in dental implant recipient sites using
computerized tomography (CT).

Materials and Methods: The study group comprised of randomly selected 140 patients with 372 implant sites. Recipient sites
for implant placement were determined based on CT data using implant planning StentCad software (Media Lab Software,
La Spezia, Italy). The mean bone density values in Hounsfield unit (HU) of the simulated implant areas were recorded using
the StentCad software.

Results: The HU values ranged from 68 to 1,603 HU. It was found that mean bone density values were 927 £ 237,721 £ 291,
708 £ 277, and 505+ 274 HU in the anterior mandible, posterior mandible, anterior maxilla, and posterior maxilla,
respectively.

Conclusion: Preoperative CT examination may be a useful method for determining the bone density of recipient areas
before implant placement, and this valuable information about bone quality helps clinicians to make better treatment
planning regarding the implant positions.
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ental implants have become a popular alternative  the maxilla, clinical reports have indicated a higher sur-
D in oral rehabilitation in the past two decades, and  vival rate for dental implants in the mandible, particu-
numerous studies regarding dental implant therapy have  larly in the anterior region of the mandible, which has
showed successful outcomes.”™ When compared to  been associated with better volume and density of the
bone.” Clinical studies have also showed that the highest
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region, which has been associated with poorer volume
and/or density of bone.*’

bone dimensions and bone quality helps the clinicians
to make a decision regarding patient selection, the
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with four different types were proposed by Lekholm and
Zarb® and Misch.” The former classification was based
on the amount of cortical versus cancellous bone, while
the latter one included the tactile sensation perceived by
the dental practitioners during drilling. Other studies
have included a variety of methods for assessing the
bone density, but these have required evaluation either
at the time of osteotomy preparation or subsequent to
implant placement.'"'* Although these methods may
provide valuable information about the bone density, it
is retrospective to patient assessment, and its value to
both clinician and patient is questioned as osteotomies
have already been performed or implants have already
been placed. To remove these concerns, the use of
computerized tomography (CT) scans for preoperative,
objective, and quantitative assessment of the implant
recipient sites of patients who need dental implant treat-
ment has been introduced."*

It has been considered that primary implant stability
is an important factor in successful osseointegration.'
Primary stability is a function of local bone quality
and quantity, the geometry of an implant (ie, length,
diameter, and type), and the placement technique used
(relation between drill size and implant size, whether a
pre-tapped or self-tapped implant is used). Implant sta-
bility can be measured by noninvasive clinical test
methods (ie, tapping, insertion torque, the periotest,
vibration methods). One of these quantitative methods
is the insertion torque described by Johansson and
Strid.'® This method records the torque required to place
the implant and provides valuable information about the
local bone quality. The periotest method based princi-
pally on transient excitation has commonly been used for
determining implant stability. However, the sensitivity of
periotest values was seriously questioned because of its
narrow range of scale of the instrument."” The latest
method, resonance frequency analysis (RFA), utilizes
insertion of an electronic transducer onto the implant
head or prosthetic abutment, and passing a low-voltage
current through the transducer. Resistance to vibration
of the transducer to the surrounding bone is registered in
a small computer device. Measurements are recorded as
implant stability quotient (ISQ) values. This noninvasive
technique seems to provide relatively more sensitive
information in comparison with the periotest values,
which makes it more popular in monitoring implants
nowadays.” Friberg and colleagues'® compared cutt-
ing torque and resonance frequency measurements of

TiUnite Mk II implants placed in the maxilla. A signifi-
cant relationship was observed, only in crestal third of the
implants, between placement torque and resonance fre-
quency at implant placement. However, their final results
showed no overall correlation between cutting torque
and ISQ. Another earlier clinical study by Turkyilmaz and
colleagues' evaluated correlations between bone density,
insertion torque, and resonance frequency values. Their
study included 85 patients treated with 158 Brdnemark
System TiUnite Mk IIT implants, but RFA measurements
were performed for only 70 implants. The average
bone density, insertion torque, and RFA values were
849 * 240 Hounsfield unit (HU), 40.9 = 6 Ncm, and
73.2£6 ISQ for 70 implants, respectively, which indi-
cated significant correlations between the bone density
and insertion torque values, bone density and RFA
values, and insertion torque and RFA values.

20,21

Although few cadaver studies and clinical

studies?® %

regarding the assessment of bone volume
and morphology have been available, no clinical study
including this number of actual implant recipient sites is
currently available in the dental literature. The aim of
the present study was to evaluate the bone density in

stimulated implant sites recorded by CT.

MATERIALS AND METHODS

For this study that was approved by the Ethical Board
of Ankara University, Ankara, Turkey, a total of 140
patients with 372 implant sites were randomly selected
from a pool of patients treated with implants from 1999
to 2006. Four clinics (two university and two private
clinics) provided the CT images. Existing edentulous
spans were allocated into four groups: anterior man-
dible, posterior mandible, anterior maxilla, and poste-
rior maxilla. One hundred and forty-one implants were
used to support single-tooth crowns in 56 patients, 108
implants were used to support the overdentures in 44
patients, and 123 implants were used to support the
fixed partial/full dentures in 40 patients.

Preoperative CT Examination

A spiral model CT machine (Siemens AR-SP 40,
Munich, Germany) was utilized for the preoperative
evaluation of the jawbones for each patient. The CT
machine has been calibrated daily according to the
manufacturer’s instructions. The scanning conditions
were: tube voltage 130 kV, tube current 83 mA, slice
thickness 1 mm, slice intervals 1 mm, pixel size 512/512,
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Figure 1 Implant placement simulation was performed using
the StentCad software on CT images. Optimum implant
recipient sites (A) and implant sizes (B) were determined
presurgically.

sec/rotation 0.5. Cross-sectional, coronal, and axial

images for the mandible or maxilla have been obtained

with the CT machine. The proper implant recipient sites

have been selected by the sagittal CT images using the

following two methods:

1.

Previously fabricated surgical acrylic templates
including 1-mm-diameter indicator metal rods
located in the center of the missing teeth, or the
existing removable complete dentures attached to
the same indicator rods were placed in the patients
prior to CT scan. The rectangular area of each
implant placed was plotted on the sagittal images
with a tool included to the CT machine," and the
mean bone density of each implant area including
1 mm surrounding bone was measured using a soft-
ware which has already been included in the CT
machine.

The locations and directions considered to be
optimum for each implant on CT images were
determined and tested using implant placement
simulation by means of the three-dimensional
StentCad software (Media Lab Software, La Spezia,
Italy) (Figure 1). The mean bone density of each

Figure 2 Cross-sectional computerized tomography image of
the simulated implant site for the bone density measurement.

implant area has been measured using the StentCad
software on cross-sectional CT images (Figure 2).
This StentCad software also allowed us to prepare
CT-guided surgical templates (Figure 3), and the
implants were placed according to the previously
prepared CT-guided surgical templates (Figure 4).
The mean bone density value of each implant
recipient site was recorded in HU. Three different
observers performed the bone density measure-
ments independently.

Initial statistical analysis was performed using SPSS

version 11.0 statistical software (SPSS, Inc., Chicago, IL,

Figure 3 The computerized tomography-guided surgical
templates with different drill sizes for implant placement.
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Figure 4 Intraoral view immediately after implant placement
using the computerized tomography-guided surgical templates.

USA). Mann—Whitney test was used to determine the
differences in the bone density values (HU) between
mandible and maxilla, women and men, older and
younger patients, as well as among four quadrants of
mouth. A value of p <.05 was considered significant.

RESULTS

One hundred and forty patients with 372 implant recipi-
ent sites (71 women, 69 men; mean age 51 = 11) were
used for this study. There were 92 anterior mandibular
sites, 81 posterior mandibular sites, 102 anterior maxil-
lary sites, and 97 posterior maxillary sites. It has been
observed that the bone density in all patients ranged
from 68 to 1, 603 HU with a mean value of
713 + 310 HU (Figure 5).

The statistically significant difference (p <.001) in
the mean bone density of the implant recipient sites has
certainly been established between the mandibles
(831 £ 282 HU) and the maxillae (609 =293 HU).

When compared to the posterior implant recipient
sites for each jaw, higher mean bone density values have
been found in the corresponding anterior implant
recipient sites (p <.001) (Table 1). A significant differ-
ence in the mean bone density of the implant recipient
sites was found between the anterior mandible and the
posterior maxilla (p <.001), but no significant differ-
ence in the mean bone density of the implant recipient
sites was found between the posterior mandible and the
anterior maxilla (p >.05).

The mean bone density values of the implant recipi-
ent sites in the younger (age between 22 and 50, with
a mean of 41 =7) and older (age between 51 and 76,
with a mean of 58 + 6) patients differed significantly
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Figure 5 The distribution of Hounsfield unit (HU) values for
all 372 implant sites.

(p <.05). Also, similarly, the mean bone density values
of the implant sites in the women and men differed
significantly (p <.05) (Table 2).

DISCUSSION

The use of dental implants has recently been increased
because many studies have included good and predict-
able results.'"™ It was considered that traditional panaro-
mic radiographs were sufficient to evaluate the anatomic
regions in the past years. However, those radiographs
have some disadvantages as two-dimensional view,
magnification, and no quantitative information about
bone density. Therefore, the researchers have currently
focused to understand the bone accurately using CT
images,”** because it is well known that the precise and
quantitative evaluation of the dimension and density of
bone provides valuable information to the clinician with
the treatment planning of implant therapy. In addition,
the clinicians have now a possibility to assess the bone
quality at the implant recipient sites by means of the

TABLE 1 The Bone Density Values (Hounsfield Unit)
in the Four Quadrants of the Mouth

Number of Mean Bone
Implant  Density Values
Quadrant Sites (SD) p Values
Anterior mandible 92 927 + 237 <.001
Posterior mandible 81 721 £291
Anterior maxilla 102 708 £222 <.001
Posterior maxilla 97 505+ 274

No significant difference between posterior mandible and anterior maxilla
(p>.05).
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TABLE 2 The Bone Density Values (Hounsfield Unit)
According to Gender and Age

Mean Bone
Number of Density Values
Implant Sites (£SD) p Values

Gender

Female 168 663 + 295 <.05

Male 204 753 £313
Age

Older 215 745 £ 309 <.05

Younger 157 668 £ 303

relatively new software programs associated with the CT
machine. CT is an established method for the measure-
ment of bone density and provides quantitative data of
trabecular and cortical bone.” It provides both precise
three-dimensional anatomic localizations and direct
density measurements given in HU. The units are based
on density values for air (—1,000 HU) and pure water
(0 HU), and cortical bone may range from +1,000 to
+1,600 HU values.?>*

Detailed information about bone density will help
the surgeon identify optimum implant sites, thereby
improving the success rate of the procedures. Several
methods have been suggested to enhance the primary
implant stability.””~>* First is to place the implant into a
smaller diameter hole than is usual, which is preferred
by some surgeons in regions of poor bone quality. Com-
pressive forces related to the quality of the bone and the
mismatch between the hole and the implant diameter
are set up along the implant/tissue interface, which
enhances the implant stability. Another method to
enhance primary stability in poor bone quality is to
place a tapered implant into a standard parallel-sided
socket, which induces controlled compressive forces in
the cortical bone layer as the implant is inserted; these
forces would increase the primary stability of the
implant. Also, extended healing periods are used to
provide required implant stability in the poor bone.

The clinical study by Norton and Gamble** com-
prised 32 CT scans and a total of 139 implant sites,
which were 25 anterior mandible sites, 45 posterior
mandible sites, 42 anterior maxillary sites, and 27 pos-
terior maxillary sites. The mean bone density values
ranged from 77 to 1,421 HU with a mean of 682 HU for
all 139 sites. They observed that the mean bone densities
in the anterior mandible, the posterior mandible, the

anterior maxilla, and the posterior maxilla were 970,
669, 696, and 417 HU, respectively. Another earlier clini-
cal study by our group included 85 patients with 158
implant sites, and the bone density values ranged from
278 to 1,227 HU, with a mean of 751 HU." Shapurian
and colleagues™ reported that their bone density values
ranged from —240 to 1,159 HU, and the bone density
values were 559, 517, 333, and 312 HU in the anterior
mandible, anterior maxilla, posterior maxilla, and pos-
terior mandible, respectively. The diversities are likely to
come from the distribution of the sites considered and
the patient-related factors (ie, age, gender).

In this study, the mean bone density value of the
implant recipient sites in younger patients was lower
than that in older patients. It has been considered that
this difference resulted from the distribution of the
interest areas. Seventy-one mandibular anterior interest
areas with better bone quality in older patients were
assessed, while 21 mandibular anterior interest areas
with poorer bone quality in younger patients were
evaluated. However, the difference in the mean bone
density value between women (mean age 51 + 12 years)
and men (mean age 52 10 years) was not associated
with the distribution of the interest sites, which may be
explained with the hormonal differences in women and
generally higher bone mass in men. Earlier studies with
the measurement of the bone mineral contents in the
jaws and forearms by Von Wovern and colleagues®**
have already showed that, when compared to the men,
lower bone mineral densities in women have been
observed throughout adult life with a significantly larger
bone mineral content loss in elderly women. Also, the
difference in bone density values between women and
men found in the present study confirms the previous
report, including the bone density values of 656 and
861 HU in women and men, respectively, by Turkyilmaz
and colleagues.” However, Shapurian and colleagues*
reported no significant difference between women and
men because the corresponding values were 400 and
429 HU, which are not in agreement with the present
study.

Under the guidelines of this study, the results
suggest that CT is a useful tool to evaluate the bone
density of implant recipient sites before implant place-
ment, and the quantitative and objective information
obtained from CT may alter the dental practitioners to
modify the treatment plan, particularly in the soft bone
where implant failure is more common.
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