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Purpose: Bone density was evaluated in designated implant sites using a novel volumetric computer-
ized tomographic device. Those measurements were then compared with traditional quantitative com-
puterized axial tomography and subjective bone density evaluation. Materials and Methods: Sixty-
three potential sites for implant placement in jaws from 9 human cadavers were used. Indicator rods 2
mm in diameter were placed in all sites. Radiographic images representing 1-mm buccolingual slices
immediately mesial and distal to the rods were selected. Bone density in Hounsfield units was
assessed using quantitative cone-beam computerized tomography (QCBCT) and quantitative computer-
ized tomography (QCT) in a standardized implant area superimposed on the images. Bone density was
also subjectively evaluated by 2 independent examiners using the Lekholm and Zarb classification.
Results: The QCBCT bone density values were generally found to be higher than the corresponding
QCT measurements. The correlations between the QCT and QCBCT values, however, were very high in
spite of this systematic difference between the 2 methods. The Lekholm and Zarb ratings for the 2
examiners showed correlation coefficients ranging between 0.46 and 0.60 for the relationships with
the QCBCT values. For each of the scores used for the subjective classification, however, a wide range
of corresponding QCBCT values was observed. Discussion: High dosage has been the major impedi-
ment to the utilization of CT in implant dentistry. The development of a reliable volumetric CT alterna-
tive with reduced radiation should provide an effective method for the assessment of both bone quan-
tity and bone density. Conclusions: Access to objective radiographic bone density values should
constitute a valuable supplement to subjective bone density evaluations prior to implant placement.
QCBCT could be considered an alternative diagnostic tool for preoperative bone density
evaluation, especially since the reported radiation dose is minimal. INT J ORAL MAXILLOFAC IMPLANTS
2005;20:416-424
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linical success of dental implants is influenced by
both the volume (quantity) and density (quality)
of available bone. Bone quality and quantity varies
from site to site and from patient to patient. Results
of studies indicate higher survival rates for implants
placed in bone of good quality and quantity, such
as that found in the anterior region of the man-
dible.”"'2 Therefore, an accurate evaluation of bone
structure is essential prior to implant placement.
Classification systems for osseous evaluation have
been introduced. Lekholm and Zarb'3 classified bone
density radiographically into 4 types, based on the
amount of cortical bone versus trabecular bone.
Misch'* related bone density to the clinical hardness
of the bone as subjectively perceived during drilling
prior to implant placement. A method of obtaining
objective measurements of the cutting resistance
prior to placement of implants was developed by
Johansson and Strid."?
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Fig 1 Cone-beam computerized tomography (CBCT) device
(NewTom).

Computerized axial tomography (CT) is an estab-
lished method for acquiring bone images before
dental implant surgery.’®20 It can also be used for
objective quantification of trabecular and cancellous
bone mineral densities, ie, quantitative CT (QCT).2"22
QCT allows precise 3-dimensional anatomic localiza-
tions and furnishes direct density measurements,
expressed in Hounsfield units (HU). Only a few stud-
ies have reported on the use of QCT in relation to
oral implants.23-2°

The amount of radiation reportedly delivered to
the patient for each CT scan is 3 mGy, measured at
the skin surface.?? The x-ray dose absorbed by the
patient during CT scanning may limit the use of this
modality for routine diagnosis or repeated surveys.
However, a new type of CT machine for the purpose
of dental and maxillofacial imaging has been intro-
duced (NewTom, Model QR-DVT 9000; QR, Verona,
Italy) (Fig 1) that lessens the patient’s radiation expo-
sure. This technique uses a cone-shaped x-ray beam
centered on an x-ray area detector and is termed
cone-beam CT (CBCT).26-28 As in conventional CT
imaging, quantitative bone density measurements
expressed in HU can be retrieved (ie, quantitative
CBCT [QCBCT]).Volume data can be acquired in a sin-
gle rotation of the beam and detector.The amount of
radiation absorbed by the patient for each scan is
reportedly 0.62 mGy.?’

A series of studies using cadaver specimens has
been initiated in the authors’ laboratory that will
evaluate and compare (7) the Lekholm and Zarb sub-
jective assessment of bone density'3; (2) HU density
recordings with conventional QCT; (3) HU density
recordings with the new QCBCT approach; (4) torque
resistance during implant placement; (5) resonance
frequency analysis after implant placement; and, ulti-
mately, (6) histologic determination of bone density.

In the first study of this series, Lekholm and Zarb'3
subjective assessments by 2 independent examiners
were compared to HU density recordings with the
conventional QCT. Coefficients of correlation ranging

between 0.5 and 0.7 were observed for the relation-

ship between these methods. However, for each score
used for the subjective classification, a wide range of
corresponding QCT values was observed. It was con-
cluded that access to objective QCT values should
constitute a valuable supplement to subjective bone
density evaluations prior to implant placement.?®

The aims of the present study, the second study in
the series, were (1) to evaluate variations in bone
density in designated implant recipient sites using
HU density recordings made with the new QCBCT
method; (2) to compare HU density recordings made
using the conventional QCT method with HU density
recordings made with the new QCBCT method; and
(3) to compare Lekholm and Zarb subjective assess-
ments to HU density recordings made with the new
QCBCT method.

MATERIALS AND METHODS

The overall design of this study is presented in the
flowchart of Fig 2.

Specimens
Specimens for the present study were the same as
those for the previous study of this series.?> Human
cadavers fixed in formalin from the Division of
Anatomy at Loma Linda University were screened for
suitable partially or completely edentulous maxillae
and mandibles. An attempt was made to retrieve
specimens with potential implant sites representing
all regions of the jaws. A total of 63 implant sites dis-
tributed among 36 specimen blocks from 9 skulls
were selected and freed of all soft tissues. Each
specimen block provided 1 to 4 implant sites, and each
had at least the minimum alveolar bone height neces-
sary to accommodate 4.0 X 10-mm dental implants.
Aluminum direction-indicator rods 2 mm in diam-
eter were placed in all designated implant recipient
sites to a depth of 2 mm. A 2-mm-diameter twist drill
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Fig 2 Flowchart demonstrating sequence of procedures. All implant sites underwent both conventional CT and CBCT scanning.

guided by a paralleling device was used to perform
osteotomies in the specimens. The rods extended 2
to 4 mm coronal to the bony crest.

Preparation for and Acquisition of CT Images
The methods used to prepare for CT scanning,
acquire CT images, and perform the QCT bone
density readings were described in the first article.?®

Preparation for CBCT Scanning

The jaw specimens were mounted in acrylic plastic
sheets (Acrylite; Cyro Industries, Rockaway, NJ) as
described previously.?> However, to accommodate
for the CBCT scanning, 14 X 27-cm containers hous-
ing 1 sheet with 3 specimen blocks immersed in
formalin were used.The containers were placed in a

418 Volume 20, Number 3, 2005

vacuum chamber for 30 minutes to remove air bub-
bles, which can create errors in the density evaluation.

Acquisition of CBCT Images

Each container housing specimens was placed on
the CBCT (NewTom) table and positioned so the
specimen blocks were parallel to the axis of the
table. The image slices to be obtained with the CBCT
unit were perpendicular to this axis and parallel to
the indicator rods.

Data from the radiographic examinations were
transferred to an Agfa picture archiving communica-
tion system (Impax DS 3000 version 4.1 SP2; Agfa,
Ridgefield Park, NJ) for easy access and analysis. The
images were sequentially examined to identify each
of the 63 aluminum indicator rods. For each of the
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sites, an image representing a 1-mm-thick buccolin-
gual slice immediately mesial to the rod and an
image representing a 1-mm-thick buccolingual slice
immediately distal to the rod were selected for analy-
sis. In this way, each of the designated 4-mm-wide
implant sites were evaluated based on two 1-mm-
wide images separated by 2 mm (the diameter of the
aluminum rod). Depending on the position of the
specimen within the box, the aluminum rods could
occasionally be seen on 3 sequential slice images.
When this occurred, the adjacent mesial and distal
images selected for analysis were separated by 3 mm
rather than 2 mm.

QCBCT Bone Density Measurements

The selected 126 images mesial and distal to the alu-
minum rods were analyzed using Impax software
(Agfa). This software includes an application to map
the bone within a defined area and to provide the
average bone density within this area in HU. A rec-
tangular area 4.1 X 10.5 mm was first mapped onto
each image and placed over the image where the
implant would be placed. The positioning of the rec-
tangle was guided by the direction of the aluminum
rod as observed from the adjacent image and also by
the desire to have the entire implant placed in bone,
without exposure of the implant threads, as would
be the case in a clinical situation, where a peaked
crest would be leveled, if necessary, to enable com-
plete implant burial. In the present study, on occa-
sion, the 4.1 X 10.5-mm rectangle had to be shifted
apically to define the relevant bone housing for the
implant. Bone density readings were then obtained
from 3 equal portions of the rectangular area: the
coronal third, the middle third, and the apical third,
each 4.1 X 3.5 mm. In addition, a separate reading of
the top 1 mm layer of the coronal third of the rectan-
gular area was obtained.

Reproducibility of the QCBCT bone density mea-
surements was evaluated using duplicate readings of
20 randomly selected images of the mesial and distal
aspects of the 63 implant sites. The procedures used
to retrieve QCBCT bone density measurements were
identical to those used previously to acquire QCT
density recordings.?’ This allowed a comparison of
these 2 radiographic methods of measuring bone
density expressed in HU.

HU are based on a linear scale defined only by 2
points; the attenuation of dry air set at —1,000 HU
and the attenuation of pure water at 25°C set at 0
HU. Cortical bone may show HU values in the 1,000
to 1,600 range. Trabecular bone shows lower HU values
than cortical bone. Negative readings might indicate
trabecular bone that was mostly replaced by fat.?

Subjective Bone Density Evaluation

As in the previous study of this series,> subjective
bone density assessments were also performed.
Paper prints of each of the 20 selected images mag-
nified 1.5 times were obtained. Two examiners with
extensive clinical dental implant experience (the
same examiners as in the previous study) indepen-
dently rated the bone density of these images of the
designated implant sites. On each film, the location
and the angulation of the aluminum indicator rod as
observed from the adjacent image was indicated by
a pencil line. Each examiner scored the bone density
of the implant sites using the classification system of
Lekholm and Zarb'3:

*Type 1 bone: Almost entirely comprised of homoge-
nous compact bone

* Type 2: A thick layer of compact bone surrounding a
core of dense trabecular bone

*Type 3: A thin layer of cortical bone surrounding a
core of dense trabecular bone

*Type 4: A thin layer of cortical bone surrounding a
core of low-density trabecular bone

Repeat classifications of the 20 images were per-
formed by the examiners for the purpose of evaluat-
ing the intraobserver reproducibility of the ratings.

Data Analysis

Both bone density measurements made using the
QCT method and measurements made using the
QCBCT method were expressed in HU. Comparisons
were expressed in terms of simple covariance (Pear-
son r values) and absolute agreement (intraclass cor-
relation coefficients [ICCs]). Comparison of QCT and
QCBCT measurements in HU with subjective Lekholm
and Zarb'3 scores (1 to 4) were expressed by Spearman
rank order correlations. Calibration between QCT and
QCBCT was not addressed. Instead, the authors
opted to use the independent settings and condi-
tions established for each method. Use of Pearson r
values allows assessment of the magnitude of the
covariance regardless of the starting parameters. All
analyses used implant site as the computational unit.

RESULTS

Examples of individual images together with the HU
bone density readings obtained using QCBCT and
Lekholm and Zarb'3 classifications are provided in
Figs 3a to 3d.

Reproducibility of the QCBCT bone density mea-
surements as evaluated from the duplicate readings
showed an ICC of 0.99. The repeat ratings by the
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Figs 3a to 3d Mandibular scans with a 4.1 X 10.5-mm rectangle superimposed over the region
of interest. Bone density in HU is provided for each third of the rectangle and for the entire rectan-
gle. Lekholm and Zarb13 subjective bone density classification: (a) type 1; (b) type 2; (c) type 3; (d)
type 4. Where necessary, the rectangle was moved apically from the crest to enable complete
bone encasement, as in (d). C = coronal third; M = middle third; A = apical third; E = entire area.

examiners using the Lekholm and Zarb'? classifica-
tion showed ICC of 0.70 for examiner 1 and 1.00 for
examiner 2.

QCBCT Bone Density

Means and ranges for the QCBCT bone density val-
ues are presented in Table 1. The highest readings
were found for the coronal 1 mm of the rectangular
implant area, followed by the coronal third of the rec-
tangular area. Values for images from the mesial
aspect of the designated implant sites were gener-
ally higher than corresponding readings for the dis-
tal aspects. Large ranges of values were seen for all
subdivisions of the rectangular implant areas.

420 Volume 20, Number 3, 2005

Comparison Between QCT and QCBCT

The relationships between QCT and QCBCT bone
density recordings are illustrated in Fig 4. QCT and
QCBCT bone density values for mesial images have
been plotted separately for the coronal 1 mm, coro-
nal third, middle third, and apical third according to
descending QCT HU values, which were fitted on the
regression line. It can be observed that QCBCT bone
density values for the coronal, middle, and apical
thirds were generally higher than the corresponding
QCT recordings. The relationships between the QCT
and QCBCT values were close, as demonstrated by
the Pearson correlation coefficients, which ranged
from 0.92 to 0.98. Use of ICCs, as well as taking the
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absolute agreement of the numerical values into
account, resulted in somewhat lower coefficients of
correlation for the coronal, middle, and apical thirds
because of the systematic difference in magnitude
between the 2 methods. These ranged between 0.73
and 0.96. Results for distal images (not shown)
corresponded to those for the mesial images.

Correlation Between QCBCT Bone Density and
Subjective Scoring

Spearman’s rho coefficients of correlation for the
relationship between QCBCT bone density values
and the Lekholm and Zarb'? classification were cal-
culated to be 0.60 (mesial) and 0.47 (distal) for exam-
iner 1 and 0.46 (mesial) and 0.50 (distal) for examiner
2. Although overall relationships were observed,
there was a lack of precision in the Lekholm and Zarb
measurement ratings. Wide ranges of HU were pre-
sent within each of the 4 Lekholm and Zarb classes,
particularly for the ratings used most frequently,
bone density types 2 and 3. A scatter plot to illustrate
this is presented in Fig 5.

DISCUSSION

Preoperative evaluation of bone density is essential
to assist the clinician with planning implant therapy.
Accurate information on bone density will help the
surgeon identify suitable implant sites, thereby
improving the surgical planning and, eventually, the
success rate of the procedures. To obtain this knowl-
edge preoperatively, adequate radiographic exami-
nation is required. This study was designed to com-
pare assessment of bone density using a new type of
CT with assessment using conventional CT.

Postmortem cadaveric material kept in 4% forma-
lin was used. Cadavers were chosen because this arti-
cle was part of a continuing investigation using the
same specimens to evaluate various methods of
assessing bone density which will eventually include
histological examination. It should be kept in mind
that the density of cadaveric bone may not corre-
spond to the density of vital bone.

The availability of cadavers was limited, especially
since edentulous sites with sufficient bone volumes
were being sought. This resulted in an uneven distri-
bution of subject age groups and jaw locations of
designated implant sites.?®> Therefore, the bone den-
sity data may not be fully representative. Neverthe-
less, comparisons of bone density determinations
within the available material should be meaningful.

As the research plan included placement of 4.0 X
10-mm implants in designated implant sites, a rec-
tangular area of 4.1 X 10.5 mm was chosen as the

Table1 Means and Ranges for QCBCT Bone
Density in HU of the Rectangular Implant Area

Bone density (HU)
Location Mean Range
Mesial (n = 63)
Coronal 1 mm 726 204-1143
Coronal third 718 153-1130
Middle third 638 129-957
Apical third 542 80-907
Entire area 633 143-940
Distal (n = 63)
Coronal 1 mm 666 170-1181
Coronal third 639 155-1022
Middle third 527 118-895
Apical third 524 142-824
Entire area 563 140-887

region of interest (the closest fit to the size of the
implants, including immediate adjacent areas, that
could be mapped out with the available software). As
mentioned, the positioning of the rectangle was
guided by the direction of the aluminum rod as
observed from the adjacent images. It was also
guided by the desire to have the entire implant
placed in bone without exposure of implant threads.
This meant that in many sites, because of the
anatomy of the ridge, the superior aspect of a dense
crest was not included in the areas to be measured.
This is a reflection of what may happen in the clinical
setting, as in many instances the superior part of a
peaked bone crest may be removed during
osteotomy to optimize implant placement.

In the present study it was observed that the
capability to reproduce the QCBCT HU values was
very high, as demonstrated by an ICC for absolute
agreement of 0.99.

The QCBCT bone density values were generally
found to be higher than the corresponding QCT
recordings. The relationships between the QCT and
QCBCT values, however, were very consistent, as
demonstrated by high Pearson correlation coeffi-
cients. Use of the ICC, as well as taking the absolute
agreement of the numerical values into account,
resulted in somewhat lower coefficients of correla-
tion because of the systematic difference between
the 2 methods. Whether the QCT or the QCBCT val-
ues are closer to the corresponding histological bone
densities remains to be learned. This topic will be
addressed in a future study relating both QCT and
QCBCT HU values to histologic measurements of
bone density.

The comparisons of QCBCT HU values to the sub-
jective bone quality classification of Lekholm and
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Figs 4a to 4d QCBCT and QCT?® Bone density in HU plotted for the mesial scans for the (a) coronal 1 mm, (b) coronal third, (c) middle

third, and (d) apical third.

Zarb'3 in the present study disclosed an overall
relationship between these 2 methods. However,
wide ranges of HU values within each of the 4
Lekholm and Zarb classes were observed, particularly
for the ratings used most frequently, bone density
types 2 and 3. This same variation was previously
observed when QCT HU values were compared to
the Lekholm and Zarb classification?*2> and may be
a reflection of the limitations of a subjective system

422 Volume 20, Number 3, 2005

for bone density assessment. It would seem that
access to objective, radiographic bone density values
should constitute a valuable supplement to subjec-
tive assessments prior to implant placement.

In conclusion, CBCT should be considered an
alternative diagnostic tool to CT for implant preoper-
ative evaluation, particularly as the associated radia-
tion dosage is reportedly much lower.
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