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Purpose: The purpose of this study was to evaluate the accuracy of measurement of distance on the
images produced by limited cone-beam computerized tomography (CT). Materials and Methods: Five
cadaver mandibles were examined by spiral computerized tomography (SCT) and limited cone-beam
computerized tomography (LCBCT). The vertical distance from a reference point to the alveolar ridge
was measured by caliper on the sliced mandible, and measurement error on the CT images was calcu-
lated in percentages based on the actual values and the measurement values obtained from the CT
images. Results: Measurement error was determined to range from 0 to 1.11 mm (0% to 6.9%) on
SCT and from 0.01 to 0.65 mm (0.1% to 5.2%) on LCBCT, with measurement errors of 2.2% and 1.4%,
respectively (P � .0001). Discussion: This study suggests that distance can be measured accurately
using LCBCT. The size of the rectangular solid images obtained using LCBCT (30 mm wide and 42.7
mm long) is thought to be adequate for observation of mandibular bony structure and for preoperative
assessment before dental implant placement. Conclusion: In this experiment on cadaver mandibles,
LCBCT was shown to be a useful tool for preoperative evaluation in dental surgery because the rela-
tively small field size of its images limits the patient’s exposure to radiation. INT J ORAL MAXILLOFAC
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The goal of presurgical dental implant treatment
planning is to determine the optimum number

and size of implants for the best restorative results.1
This has been done by primarily by radiographic
examination. Radiographic imaging can reveal infor-
mation about the presence of disease, bone morphol-
ogy and density, and the location of anatomic features

that should be avoided when placing the implant.
Panoramic radiographs provide a wide view of both
jaws and a medial and distal view of the region in
which the implant is to be placed, while cross-sec-
tional images offer buccolingual information. Both
conventional tomography and computerized tomog-
raphy (CT) can provide panoramic and cross-sec-
tional images, but the advantages of CT include uni-
form magnification, multiplanar views, 3-dimensional
(3D) reconstruction, simultaneous study of multiple
implant sites, and shorter acquisition time.1 Further-
more, CT is generally considered more accurate than
conventional tomography.2,3 However, CT exposes
the patient to higher doses of radiation than conven-
tional radiography techniques.1,4

The recently developed limited cone-beam x-ray
CT (LCBCT),5 which makes use of a cone beam
and a 2-dimensional x-ray sensor, has been reported
to be useful in preoperative treatment planning for
dental implant placement.6 LCBCT produces high-
resolution images and does not require the adminis-
tration of high doses of radiation. The integral
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absorbed dose of radiation using LCBCT was
approximately 1⁄15 that of spiral CT (SCT) when the
exposure condition of the latter was optimized.7,8

The purpose of this study was to investigate the
accuracy of LCBCT in the measurement of distance
in the bony structure of the jaw. The measurement
error on both SCT and LCBCT images was ana-
lyzed, and the clinical usefulness of LCBCT as a
preoperative examination tool for dental implants
was considered.

MATERIALS AND METHODS

Study Design
Five cadavers with edentulous mandibles were used
to examine the accuracy of measurements of CT
images. The deceased had agreed to provide the
cadavers for anatomic courses for dental students
and for research, and the families of the deceased
gave their permission for the cadavers to be used in
this study. The cadaver heads were scanned using
SCT and LCBCT. The distances between 2 refer-
ence points created on the removed mandible were
measured by digital caliper, and the values were
compared with those found on the CT images.

SCT Imaging System
RADIX-Prima (Hitachi Medical, Tokyo, Japan) was
used. Helical scans were reformatted to obtain 3D
views by volume rendering using a personal com-
puter (PCV-LX70/BPK; Sony, Tokyo, Japan) with
Express Vision image software (Zio Software,
Tokyo, Japan).

LCBCT Imaging System
The LCBCT apparatus used was the Dental 3D-
CT (PSR 9000 [prototype]; Asahi Roentgen, Kyoto,
Japan), which consisted of a cone-beam–type CT

scanner and a small radiographic image intensifier.7
The exposure is completed by rotation of an x-ray
beam and the image intensifier around the mandible
under examination. The Dental 3D-CT, an inde-
pendently developed LCBCT apparatus, has shown
itself to be a useful assessment tool for preoperative
examination prior to minor oral surgery.7 The Dent
3D-CT has 2 functions: block CT imaging and
panoramic CT imaging. Block CT imaging pro-
duces rectangular solid reconstructed images 42.7
mm high and 30 mm wide. A single scan provides
365 slices of axial projection data, with a slice thick-
ness of 0.117 mm. Images are reconstructed in any
plane from the projection data. In the panoramic
CT imaging mode, the entire mandibular image can
be obtained from 5 consecutive scans. Block CT
imaging was used in the present study. The same
computer and graphics software used for SCT were
used for LCBCT.

Measurement of Distance 
in the Mandibular Bone
Reference holes 2 mm in diameter were made in 7
regions on each cadaver mandible (right molar, right
premolar, right canine, midline, left canine, left pre-
molar, and left molar) using a 1.8-mm-wide dental
bur (Shofu, Tokyo, Japan). After CT scanning was
completed, the mandibles were removed from the
cadavers and were sliced along the reference holes.
One reference hole ran through the buccal and lin-
gual cortices, and another was made on the inferior
border of the mandible so that the holes formed a
plane (Fig 1). Using these holes as indices, the same
planes could be measured on both CT images and
on the sliced mandible. The vertical distance from
the top of the reference hole on the cortical surface
to the alveolar ridge was measured using a digital
caliper (Mitsutoyo, Kawasaki, Japan) to evaluate the
accuracy of measurement on the CT images (Fig 1). 

Fig 1 (Left) Cross-sectional image of the mandible produced by SCT. (Center) Cross-sectional image of the
mandible produced by LCBCT. (Right) The sliced mandible. Reference holes were made by a 2-mm dental
bur in 7 regions on a cadaver mandible. One reference hole (white arrowheads) ran through the buccal and
lingual cortices and another was made on the inferior border of the mandible (white arrow). The images
were reconstructed along the holes and the same plane was observed on the sliced mandible. The vertical
distance from the reference hole on the cortical surface to the alveolar ridge was measured to evaluate the
accuracy of measurement on the CT images. The long black arrow indicates the mandibular canal.
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The values obtained by anatomic and radio-
graphic measurement were compared. Measure-
ment error was calculated by subtracting the value
obtained on the MPR images of the CT (A) from
the value obtained by direct measurement of the
cadaver using a digital caliper (B) and was then
expressed as an absolute percentage value:

Error (%) = |(A–B)| 
� 100B

The SCT and LCBCT values for measurement error
were compared. 

Statistical Analysis
All values are expressed as means ± standard devia-
tion. The paired t test was used for statistical analysis.
Results were considered to be statistically significant
at P � .05.

RESULTS

Measurement error was found to range from 0 to
1.11 mm (0% to 6.9%) on the images produced by
SCT and from 0.01 to 0.65 mm (0.1% to 5.2%) on
LCBCT (Table 1). Although the errors were not
large in either type of CT image, and only 1 value
exceeded 1 mm, a significant difference was recog-
nized between the 2 methods. The average mea-
surement error was 2.2% with SCT and 1.4% with
LCBCT (P � .0001).

Measurement of individual regions is summa-
rized in Table 2. A significant difference between
the measurements provided by the 2 CT methods
was found in 3 regions.

Cancellous bone was sharply visualized by LCBCT
in cross-sectional images compared with SCT (Fig 1).

DISCUSSION

The data presented here indicate that LCBCT can
be used to measure the distance between 2 points in
mandibular bone more accurately than SCT,
although SCT provided satisfactory information
about 3-dimensional distances. The average error
measurement on LCBCT images was 1.4% when
the vertical distance from a reference point to the
alveolar ridge was estimated. Reported errors associ-
ated with measurement on CT scans can range from
0.5 to 2 mm, and measurement error is generally
required to be less than 1 mm on images for implant
treatment.9 In the present study, the maximum error
in measuring vertical distance was 0.65 mm using
LCBCT, while the maximum error observed using
SCT was 1.11 mm. LCBCT appears to be a reliable
tool for preoperative evaluation before dental
implant surgery because of its high resolution. 

LCBCT images can be obtained in any plane by
primary reconstruction of the raw data.5 The spatial
resolution is nearly the same in all directions in
LCBCT images, whereas in SCT images there is a
loss of resolution of the system in the direction of
cross-sectional reformatting.10 This may be a reason
why LCBCT is superior to SCT in terms of spatial
resolution on cross-sectional images.

A high dose of radiation is required for SCT.
When the slice width is decreased to obtain more
accurate data, even higher doses of radiation are
needed. LCBCT has an advantage in this regard.
The integral absorbed dose of LCBCT was less

Table 1 Measurement Error (in mm) on SCT
and LCBCT Images

Mean ± SD (n = 66) Minimum Maximum

SCT 0.36 ± 0.24 0.00 1.11
LCBCT 0.22 ± 0.15* 0.01 0.65

*Significant differences between SCT and LCBCT images, P � .0001.

Table 2 Measurement Error on SCT and LCBCT Images by Region

Right molar Right premolar Right canine Median Left canine Left premolar Left molar
(n = 10) (n = 10) (n = 10) (n = 10) (n = 10) (n = 8) (n = 8)

SCT 2.39 ± 1.69 2.73 ± 1.36 2.62 ± 1.94 2.51 ± 2.02 1.61 ± 1.35 1.06 ± 1.39 1.97 ± 1.56
LCBCT 1.61 ± 1.44 1.29 ± 0.73* 1.84 ± 1.44 0.71 ± 0.71* 1.25 ± 0.61 1.25 ± 1.37 1.07 ± 0.70*

All values expressed in percentages (mean ± SD), which are calculated as described in the Materials and Methods section. Measurements included
both buccal and lingual vertical distance from the reference hole to the alveolar ridge in each region.
*Significant differences between SCT and LCBCT images, P � .05.
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than 1⁄15 that of SCT when the exposure condition of
SCT was optimized.7,8 In most minor oral surgery
cases, only a small examining field is needed. Pro-
jection over only a limited area can reduce total
radiation dose. 

SCT is appropriate for examining large areas.
LCBCT was developed specifically for the examina-
tion of dental lesions. Its field size is therefore lim-
ited, and it is difficult to examine lesions exceeding
30 mm without repeated scanning.5 The Dental 3D-
CT, however, produces rectangular solid images 42.7
mm in height, a size which is able to accommodate
the height of the mandible with standing teeth. This
CT method can depict lesions in the mandible and
evaluate the relationship between the lesions and
adjacent teeth. The size of the images obtained from
LCBCT is thought to be adequate for observation of
the mandibular bony structure and for preoperative
assessment before dental implant surgery.

A drawback of LCBCT is that it is incapable of
discriminating soft tissue because of its low contrast
resolution.5 However, LCBCT provides essential
information about the osseous morphology for plan-
ning the placement of dental implants, including
cortical integrity and thickness, enlarged bone mar-
row spaces, postextraction irregularities, and trabec-
ular bone density. Cancellous bone in particular has
been reported to be sharply visualized by LCBCT,5,7

while SCT did not show cancellous bone clearly in
cross-sectional images of the dental arch. 

In summary, the LCBCT can be a useful tool in
preoperative evaluation for dental implants because
of its high resolution and the field size of its images.
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