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Evaluation of dehiscences using cone beam computed tomography

Nicholas Ising?; Ki Beom Kim®; Eustaquio Araujo°; Peter Buschang®

ABSTRACT

Objective: To validate the use of three-dimensional (3-D) surface rendering (SR) images to
quantify the height of alveolar dehiscences.

Materials and Methods: Twenty-four dehiscences were created on 9 incisors, 9 canines, and 6
premolars on 4 cadaver skulls. i-CAT cone beam computed tomography scans (CBCTs) were
taken of each skull at .2 mm voxel size. Each dehiscence was quantified by 21 orthodontic
residents using 3-D SR. The principal investigator (Pl) also quantified each dehiscence using the
2-D multiplanar (MP) image and the 3-D SR image.

Results: Results of this study showed an average method error of the residents as a group to be
0.57 mm with an intraclass correlation (ICC) of 0.77%. Residents’ method error ranged from
0.45 mm to 1.32 mm, and the ICC ranged from 0.201% to 0.857%. Systematic error was low at
—0.01 mm for the direct measurement compared with the residents’ average 3-D SR at 1365
density value (DV) measurement. The 3-D SR at 1365 DV images were compared with the MP and
3-D SR images at 1200 DV, and no significant differences in measurements and low systematic
error were noted. The method error of the Pl was 0.45 mm, 0.45 mm, and 0.41 mm for 3-D SR at
1365 DV, 3-D SR at 1200 DV, and 2-D MP, respectively.

Conclusions: 3-D SR and 2D MRP can be used to measure dehiscences of the periodontium with

similar levels of accuracy. (Angle Orthod. 2012;82:122-130.)
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INTRODUCTION

A newer technology, cone beam computed tomog-
raphy (CBCT), is now being used to image the head
and neck. The radiation dose is significantly less than
that of a conventional CT and is approximately
equivalent to a conventional full mouth series."? The
lower cost of the machine, the lower radiation dosage
of the scan when compared with traditional CT
machines, and the high image quality make the CBCT
more practical for use in dentistry.®*
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CBCTs have been used to evaluate root angula-
tions, positions of canines and supernumerary impac-
tions, the temporomandibular joint, and placement of
mini-implants, and to assess maxillary-mandibular
facial asymmetries and the alveolar morphology of
the periodontium.>*¢ These capabilities enhance an
orthodontist’s base of information to allow more
accurate diagnostic and treatment decisions.®”

The periodontium provides support and nutrition to
the teeth and allows for orthodontic tooth movement.
Therefore, it is crucial that the periodontium be
considered in the diagnosis and treatment plan of
each patient.? Dehiscences are one of the major bony
defects that should be considered, because it is
difficult to determine their presence.® One study
showed that 40% of American skulls had at least one
dehiscence, with 67% of dehiscences in the mandi-
ble.” Mostofa et al."* performed anterior mandibular
flaps and CBCTs on 32 patients. Seventy-eight
percent of patients had at least one dehiscence, and
the highest rates were seen on the canines. Ortho-
dontists must factor in these rates of dehiscence when
creating a treatment plan.

A systematic review of the literature has shown that
orthodontic treatment has a very small detrimental
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Figure 1. (a) Completed dehiscences with thinned margins. (b) Soft
tissues sutured back into place.

effect on the periodontium.' The orthodontic mechan-
ics, proclination and expansion, have been used to
alleviate crowding without producing significant nega-
tive effects on the level of the gingiva.'®'* However,
study models and lateral cephalograms do not
adequately show the effects of treatment on alveolar
bone.' Ldst'® related the level of the gingiva to the
level of the alveolar bone for dehiscences. The bone
on average was 2.76 mm more apical than the
overlying gingiva; however, wide variation was seen,
with some distances as great as 7.5 mm. Steiner
showed in vivo on monkeys that excessive movement
of the incisors outside of the alveolus leads to
dehiscences."” Rungcharassaeng et al.” took CBCTs
before and after expansion and found a reduction in
the alveolar crest around the first premolars
(—4.42 mm) and molars (—2.92 mm). Other studies
have shown alveolar crest bone changes from
extraction treatment as well."®

Traditionally, two-dimensional (2-D) multiplanar
(MP) images have been used to interpret CBCTs by
using sagittal, axial, and coronal planes. These images
have been shown to be useful in evaluation of the
periodontium*2°; however, 3-D surface rendering (SR)
images are becoming more popular in interpretation of
CBCTs. The aim of this study was to evaluate the
usage of 3-D SR images from CBCTs to quantify bony
dehiscences.

MATERIALS AND METHODS
Dehiscence Construction

Four human cadaver heads with soft tissues present
and dentate maxillary and mandibular arches were
obtained from the Anatomy Department at St Louis
University. Twenty-four dehiscences were created on
the buccal aspect of 9 canines, 9 mandibular incisors,
and 6 premolars. Before defect construction was
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Figure 2. (a) 3-D surface rendering (SR) image at 1365 density
value. (b) Measurement on 3-D SR image.

performed, a surgical flap was made to allow access
to the bone (Figure 1). A one-quarter round carbide
bur and a handpiece were used to remove the bone
overlying the roots. The margins of the bone were
thinned to simulate natural dehiscences (Figure 1).
Dehiscences were made at all different heights from
the cementoenamel junction, so that no standardiza-
tion was present. To reduce method error, a metallic
marker was placed at the cementoenamel junction for
a consistent fiducial marker. Dehiscences were mea-
sured directly from the metallic marker to the base of
the dehiscence with a digital caliper to the nearest
.01 mm. Each dehiscence was measured twice, and
measurements were taken 2 weeks apart to allow
assessment of reliability. All metallic restorations were
removed from the dentition to reduce scatter radiation.

Angle Orthodontist, Vol 82, No 1, 2012
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Figure 3. 2-D multiplanar images using the coronal, sagittal, and axial planes.

Then the soft tissues were replaced and sutured tightly
to simulate natural soft tissues.

Imaging

CBCTs of the four skulls were acquired with the
i-CAT scanner (Imaging Sciences International, Hat-
field, Pa). A single 25-second scan comprising 306
basic projections with a field of view measuring 16 cm
(W) by 6 cm (H) and a .2 mm voxel size was captured.
CBCT data were imported into Dolphin 3-D (Dolphin
Imaging, version 10.5, Premium, Chatsworth, Calif).

The principal investigator (Pl) used the 3-D SR
image generated in Dolphin 3-D Imaging to make
measurements from each metallic marker to the most
apical extent of the dehiscence, starting at density
values (DV) of 1200 and 1365 (Figure 2). The PI also
used 2-D MP images to measure each dehiscence
(Figure 3). Measurements were made twice for the 2-D
MP and SR at a DV of 1200 images, and three times
for the SR DV at 1365 images, with 1 week between
measurements to assess reliability.

Twenty-one orthodontic residents (including the PI)
with at least 1 year of experience in manipulating
CBCT images using Dolphin Imaging at St Louis
University measured the dehiscences using the 3-D
SR image, starting at the DV of 1365. Each resident

Angle Orthodontist, Vol 82, No 1, 2012

was given the same tutorial on use of the software to
manipulate the images.

Statistical Analyses

A standard statistics software program (Statistical
Package for the Social Sciences [SPSS], version 17,
SPSS Inc., Chicago, Ill) was used to analyze the data.
To determine reliability, single-measure intraclass cor-
relation coefficients (ICCs) were determined for all
multiple sets of direct and CBCT measurements. The
average of the multiple measurements was then used as
the true value. To determine intraobserver error, direct
measurements were compared with the average of the
PI's MP and 3-D SR (at 1200 and 1365 DV) measure-
ments, and the 3-D SR at 1365 DV was compared with
the MP and the 3-D SR at 1200 DV measurements in
three ways: (1) a two-tailed paired Student’s ttest at
<.05 significance level, (2) method error, and (3) single-
measure ICCs. To determine interobserver error, the
three tests were also used to compare direct measure-
ments vs 3-D SR at 1365 DV for each resident, and
vs the average of all residents. The teeth were then
separated into three groups: incisors, canines, and
premolars. ICC, method error (ME), and Wilcoxon
signed rank tests were used to compare the direct
measurements vs each tooth group.
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Figure 4. Intraobserver intraclass correlation showing reliability of multiple direct, 3-D surface rendering (1365 density value and 1200 density

value), and 2-D multiplanar measurements.

RESULTS

All ICCs of the multiple sets of measurements showed
reasonable correlations (Figure 4). The 3-D SR image at
1365 DV showed the lowest correlation, reflecting the
level of experience of the PI in manipulating the images
and quantifying the dehiscences. Systematic intraob-
server error showed low mean differences between the

Table 1. Systematic Intraobserver Error Using a Paired t-Test

Mean Standard
Difference, Deviation,
mm mm t

Probability

Direct vs 3-D SR

at 1365 DV

measurement? -0.13 0.63
Direct vs SR at

1200 DV

measurement 0.00 0.65 0.002 .99
Direct vs 2-D

multiplanar

measurement -0.2 0.56
SR at 1365 DV vs

SR at 1200 DV

measurement 0.13 0.36 1.747 .09
SR at 1365 DV vs

2-D multiplanar

measurement -0.07 0.45

—1.003 .33

—1.758 .09

—0.769 .45

direct measurements compared with the MP and the 3-D
SR at 1200 and 1365 DV; comparisons of the CBCT
images with each other revealed no significant differ-
ences (Table 1). Random intraobserver error when
direct measurements were compared with the different
CBCT images showed high intraclass correlations and
similar method errors of 0.45 mm, 0.45 mm, and
0.41 mm for 1365 DV 3-D SR, 1200 DV 3-D SR, and
2-D MP, respectively (Table 2).

The systematic difference between direct and 3-D
SR measurements was —0.01 mm for the average of
the residents (Table 3). Four of 21 residents showed

Table 2. Random Intraobserver Error®
Single- Method Error (1 and 2

Measure Standard Deviations)
Intraclass
Correlation  Probability 68% 95%
Direct vs SR
at 1365 DV
measurement 0.86 .000 0.45 mm 0.89 mm
Direct vs SR
at 1200 DV
measurement 0.84 .000 0.45 mm 0.89 mm
Direct vs
multiplanar
measurement 0.88 .000 0.41 mm 0.82 mm

a DV indicates density value; SR, surface rendering.

a DV indicates density value; SR, surface rendering.

Angle Orthodontist, Vol 82, No 1, 2012
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Table 4. Random Interobserver Error

Mean Standard
Difference,  Deviation, Paired t-Test

Residents mm mm t Probability
1 —0.048 1.22 -0.19 .85
2 -0.23 1.31 -0.85 41

3 0.18 0.91 0.98 .34
4 0.89 1.67 2.59 .016*
5 -0.16 0.85 -0.95 .35

6 0.09 1.15 0.38 71

7 —0.44 1.40 —1.54 14
8 0.48 1.27 1.85 .077
9 0.17 1.03 0.79 44
10 -0.39 0.94 —2.06 .051
11 -0.11 0.97 -0.54 .60
12 —-0.44 0.90 —2.41 .024*
13 0.19 1.03 0.92 .37
14 -0.014 1.39 -0.05 .96
16 -0.29 0.9 —1.54 14
17 0.62 1.14 2.65 .014*
18 -0.16 0.85 -0.93 .36
19 -0.29 0.88 —-1.64 1
20 —0.36 0.83 -2.16 .041*
21 -0.13 0.63 -1.00 .33
Average —0.01 0.82 —0.058 .95

* Indicates that paired t-test was statistically significant (P < .05).

a significant difference between direct and 3-D SR
measurements, with systematic differences ranging from
—.44 mm to 0.89 mm (Table 3 and Figure 5). The ICC
and ME for the average of the residents was 0.77% and
0.57 mm (Table 4 and Figure 6). The ICC range was
from .20% to .86%, and the method error ranged from
.45 mm to —1.32 mm (Table 4 and Figure 7). Residents’
average measurements were not consistently above or
below direct measurements (Figure 8).

Residents Intraclass Correlation Method Error, mm
1 0.65 0.85
2 0.42 0.92
3 0.70 0.64
4 0.20 1.32
5 0.79 0.60
6 0.66 0.80
7 0.58 1.02
8 0.61 0.94
9 0.71 0.72
10 0.75 0.71
11 0.72 0.67
12 0.75 0.70
13 0.69 0.73
14 0.34 0.96
15 0.74 0.74
16 0.74 0.66
17 0.50 0.90
18 0.80 0.60
19 0.77 0.64
20 0.76 0.63
21 0.86 0.45
Average 0.77 0.57

Tooth groups were compared; incisors showed the
best method error at 0.336 mm and ICC of 0.906%
(Table 5). All tooth groups were not significantly
different from the direct measurements attained using
the Wilcoxon signed rank test (Table 5).

DISCUSSION

When CBCT images were compared with traditional
intraoral radiography, it was found that CBCT had
better potential to represent the alveolus, especially in

Mean Difference (Direct-3-D SVR)

-0.6

Residents

Figure 5. Systematic error mean difference for each resident and residents’ average on 3-D surface rendering at 1365 density value
measurement compared with direct measurement (* denotes paired t-test < .05).

Angle Orthodontist, Vol 82, No 1, 2012
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Residents

Figure 6. Single-measure intraclass correlation comparing direct measurements vs each resident’s and that resident’s average measurements

on 3-D surface rendering.

detecting the 3-D volume of intrabony defects.?'-2?
Detection of dehiscences through traditional radiogra-
phy or direct evaluation is nearly impossible. However,
CBCT images offer a real advantage in the detection of
these defects.

Results of this study show that dehiscences can be
accurately measured using 3-D SR from CBCTs.

Residents as a group showed only a 0.57 mm method
error and a 0.77% intraclass correlation.

Mengel et al.* showed that dehiscence height could be
measured with only a .28 mm systematic difference.
Mengel et al.?* conducted another study to measure
dehiscences on implants and found the systematic
difference to be 0.22 mm. These two studies compared

14

Errarin mm

Residents

Figure 7. Method error comparing direct measurements against the 3-D surface rendering at 1365 density value measurement for each resident

and the resident’s average.

Angle Orthodontist, Vol 82, No 1, 2012
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Direct Measurements Compared to the Average of the 3-D SR at 1365 DV
Measurements
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Figure 8. Direct measurements compared with the resident’s average on the 3-D surface rendering (SR) starting at 1365 density value (DV).

traditional CT vs CBCT at 0.125 mm voxel size, and they
showed similar results. The authors state that the CBCT
showed better image quality. Misch et al.?° conducted a
study measuring intrabony and dehiscence defects
using CBCT at 0.4 mm voxel size. The systematic
difference in height of both defects combined was found
to be 0.41 mm. Fuhrmann® used traditional CT with
1 mm slices and determined a 0.2 mm systematic
difference in dehiscence height.

Previous studies used 2-D MP images on dry skulls
with a known dehiscence size; findings were interpret-
ed by only a few individuals, and only systematic
differences were found. The current study has no
standardized size of the dehiscences, the soft tissues
were present, systematic and random differences were
found, and the dehiscences were measured by 21
individuals. These methods better represent the
normal anatomy of a random patient and interpretation
of bony morphology on a CBCT by a random observer.
The ability to quantify the dehiscence varies with the
skill of the practitioner, as can be seen in the wide
variation in method error noted among the residents. A
learning curve for detecting dehiscences on the image

Table 5. Comparing Different Tooth Groups With Intraclass
Correlation, Method Error, and Wilcoxon Signed Rank Test

Intraclass Wilcoxon Signed

Correlation Method Error Rank Test
Canines 0.759 0.62 0.953
Premolars 0.5632 0.739 0.917
Incisors 0.828 0.336 0.779

Angle Orthodontist, Vol 82, No 1, 2012

was apparent. The Pl had the most experience in
manipulating the images and quantifying the dehis-
cences and showed the lowest error of 0.445 mm.

Interpretation of 2-D MP images has been shown to
be highly accurate, with a systematic difference as low
as 0.1 mm and a 1:1 image-to-reality ratio.?®*® The 3-D
SR image has not shown the same accuracy as some
of the current studies, but these studies did not use
definitive fiducial markers.?®®° Baumgaertel et al.?®
measured 3-D SR images and showed very high
correlations for single measurements compared with
direct measurement. When multiple measurements
were added together, the measurement sum became
significantly smaller than the true value. The sum
of the smaller measurements is due to the “partial
volume effect.” In the current study, measurements
varied from larger than the direct measure to smaller
(Figure 8) and were only single measures. So this
effect was negligible.

The small amount of error within the study is
attributable mainly to human error. This error is due
to the ability to distinguish between very thin bone and
the root of the tooth (Figure 9). Voxel size and cadaver
bone quality play smaller roles as well. According to
Ballrick et al.,?” 50% of the error is attributable to voxel
size alone. The smaller the voxel, the clearer the
image; however, this is done with an increased
radiation dose to the patient.

The 2-D MP images have been the standard for
interpreting CBCT images. However, 3-D surface
rendering is becoming more popular because of the
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Figure 9. Human error. Dehiscences with thinned margins on the direct evaluation (a and c). Difficulty determining the junction between bone
and tooth on the 3-D surface volume rendering at 1365 density value (b and d).

user-friendly software. This study also examined the
differences in measurements between 2-D MP images
and 3-D SR images at different density values. The
method error was nearly equivalent for each, with good
correlations to the direct measurements. The 2-D MP
was the most reliable and had the lowest random error.
However, no significant difference was noted between
the three image reconstructions. The 3-D SR starting
at 1365 DV was used to measure the dehiscences
because it offered the clearest view of the alveolar
bone without interference from adjacent tissues. With
conventional CT, definite known density values of
different tissues are seen. The density value range is
then set accordingly to allow visualization only of the
tissues of interest (ie, bone).®* With CBCT, the density
values are inconsistent based on the field of view.3
The CT DV starts at 1200 for the lowest-density
bone,* but CBCT values may be slightly higher.®
Therefore, selection of 1365 DV as the lowest DV
would be within the normal range of low-density bone,
and the interpreter could visualize the fine, low-density
bony architecture.

For evaluating surface defects including dehiscences
of the periodontium, 2-D MP or 3-D SR images may be
used for interpretation. The 3-D SR image from a CBCT
with 0.2 mm voxel size has the ability to accurately
quantify dehiscences with submillimeter accuracy.

CONCLUSION

« 3-D SR and 2D MRP can be used to measure
dehiscences of the periodontium with similar levels of
accuracy.
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