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Background: Periodontal diagnosis relies heavily on tradi-
tional two-dimensional radiographic assessment. Despite
efforts in improving reliability, current methods of detecting
bone level changes over time or determining three-dimen-
sional architecture of osseous defects are inadequate. To ad-
dress these issues, computed tomography (CT) has been
explored because of its ability to produce accurate three-di-
mensional imaging, but limitations such as radiation, machine
size, and cost have made this approach impractical. Recently,
cone beam computed tomography (CBCT) has turned this
concept into potential reality because these lower-cost small
machines produce high-quality data. Yet there is little research
to establish periodontal bone measurement using CBCT as a
valid method. Therefore, the aim of this study was to compare
CBCT measurements of periodontal defects to traditional
methods.

Methods: Artificial osseous defects were created on mandi-
bles of dry skulls. CBCT scanning, periapical radiography (PA),
and direct measurements using a periodontal probe were com-
pared to an electronic caliper that was used as a standard refer-
ence.

Results: Linear measurements for all defects revealed no sta-
tistical differences between bone sounding, radiography, and
CBCT. There was a significant difference when comparing iso-
lated interproximal measurements using a probe versus the cal-
iper (P <0.001) but no significant difference for CBCT or
radiography. All bony defects were identifiable and measurable
directly or with CBCT. In comparison, buccal and lingual defects
could not be measured with radiographs.

Conclusions: Overall, all three modalities are useful for
identifying interproximal periodontal defects. Compared to
radiographs, the three-dimensional capability of CBCT offers a
significant advantage because all defects can be detected and
quantified. J Periodontol 2006;77:1261-1266.
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C
urrent approaches to diagnose
periodontal disease include prob-
ing of gingival tissues and radio-

graphs to evaluate osseous support.1

Imaging includes bitewings and peri-
apical (PA) radiographs,2 with the main
radiographic technique used for peri-
odontal diagnosis being the paralleling
extension cone method.3,4 Unfortu-
nately, radiographic methods are se-
verely limited by the inherent overlay
of anatomic structures and the difficulty
to reproduce angles over time. There
is ample research demonstrating that
funnel-shaped or lingually located de-
fects cannot be detected5 and that
destruction of the buccal plate can be
undiagnosed or undistinguished from
lingual defects.6 Further studies com-
paring radiographs to presurgical mea-
surements concluded that bone loss can
be underestimated by ;1.5 mm, with
large variations between examiners.7

Consequently, traditional radiography
remains a limited diagnostic tool.8

To address these issues, computed
tomography (CT) has been explored
because it enables cross-sectional and
three-dimensional analysis without dis-
tortion. CT has been used for imaging
of the temporomandibular joint,9 evalu-
ating oral osseous lesions,10,11 assessing
maxillofacial deformities,12 and preoper-
ative planning of dental implants.13,14

Unfortunately, CT is impractical because
of machine cost, complexity, high radia-
tion, and relatively low resolution.
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More recently, cone beam computed tomography
(CBCT) was introduced for head and neck applica-
tions.15-19 Contrary to CT, it consists of a conical ra-
diographic source and a high-performance digital
panel detector. In most CBCT machines, the appara-
tus is similar in size to a conventional panoramic
machine, the examination takes ;30 seconds, and
radiation is within range of an intraoral full-mouth
series.20,21 In addition, CBCT resolution can be as
small as 0.2 mm, compared to 0.5 to 1 mm for CT.
There is some preliminary evidence that it is reliable
for evaluation measurements of large structures asso-
ciated with dental and maxillofacial imaging,22 and it
may be adequate to visualize periodontal alveolar
bone changes, but little research has been performed.
Therefore, the aim of the present study was to com-
pare linear measurements of periodontal defects
using CBCT to traditional methods.

MATERIALS AND METHODS

After approval from the University of Michigan Ana-
tomic Donation Department was obtained, two hu-
man dry cadaver skulls with existing horizontal
bone loss up to 20% were selected and used from Jan-
uary to July 2005. Infrabony buccal, lingual, and in-
terproximal defects of varying width and height
were created using a one-quarter-round dental bur
in the mandibular premolar and molar regions. For
each tooth, grooves were also placed vertically into
the roots from the cemento-enamel junction (CEJ)
to the apical base of the defect at each line angle (me-
sio-buccal, mesio-lingual, disto-buccal, and disto-
lingual), mid-buccally and mid-lingually. Accessory
gutta percha cones were superglued into the grooves
to establish a reference point for probing, radio-
graphic, and CBCT measurements. For each tooth un-
der investigation, PA radiographs were taken using
F-speed film. The film was placed parallel to the spe-
cific tooth with the central ray of the x-ray device per-
pendicular to the tooth of interest.

CBCT scanning was performed using a clinically
available machine.† Data were acquired at a medium
resolution of 0.4 mm, using 20-second scanning
(120 KVp and 47.74 mAs) to imitate current clinical
methods (Fig. 1). Three examiners underwent a train-
ing session for probing techniques, radiographic
measurements, and use of digital tools for CBCT.
All measurements were performed blindly and re-
peated twice, with at least 1 week between sessions.
Measurements of the same site, using two techniques,
could not be performed during the same session. Di-
rect measurements on the dry skull and for the PA
radiographs were taken with one North Carolina peri-
odontal probe. All PA films were mounted and visual-
ized with a hand-held view box. The CBCT software
had an electronic measuring tool to the nearest hun-

dredth of a millimeter. Cross-sectional slice thickness
was reconstructed to 1 mm for all measurements, and
each slice location was identified using the gutta per-
cha location. All CBCT images were identical for each
measurer as they were established by the principal
investigator, saved, and loaded at each session. The
examiners used only one computer, and screen set-
tings remained unchanged. The examiners had the
ability to change bone density and the size of the im-
age to aid in optimal viewing.

Three measurements were taken for each defect
(Fig. 2): 1) the length from the CEJ to the base of
the bony defect (A); 2) the length from the CEJ to
the crest of bone adjacent to the defect (B); and 3)
the width of the defect (C).

For gold-standard reference, all sites were injected
with impression material. Height (A) and width (C) of
each defect impression were measured and recorded
with an electronic caliper.‡ The accuracy of impres-
sion and caliper measurements was verified using an-
other set of simulated defects of known height and
width. These engineered cavities were prepared in
a cast acrylic bloc using flute end mills§ mounted in
a vertical milling machine.i Drill diameter was –
0.05 mm, and depth accuracy was – 0.0254 mm.
Using the electronic caliper, each defect was mea-
sured blindly at two separate sessions.

Statistical Analysis
Statistical analysis was performed using statistical
software.¶ Coefficients of variation, using Pearson’s

Figure 1.
Periodontal measurements of osseous defects were obtained at
reproducible locations using gutta-percha markers and a periodontal
probe (A), periapical radiographs (B), and a digital ruler using cone
beam computed tomography software (C). D) Note that landmarks
were easily detected for reproducible location of measurements.

† I-CAT, Imaging Sciences International, Hatfield, PA.
‡ Absolute Coolant Proof Caliper IP65, Mitutoyo Corporation, Kanagawa,

Japan.
§ Niagra Cutter, Amherst, NY.
i Bridgeport Textron, Bridgeport, CT.
¶ SPSS version 14, SPSS, Chicago, IL.
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method, were calculated to determine variability
within examiners and among techniques. Two-way
analysis of variance was performed to compare
groups. Finally, power analysis was calculated with
a confidence level of 80%.

Sample size was calculated using pilot data and as-
suming that means would remain £0.5 mm. A 5% level
of significance and an 80% power were used to calcu-
late minimum sample sizes of 21.23

RESULTS

Measurements were performed on all locations, ex-
cept for 10 (33%) buccal or lingual defects, using ra-
diography because of lack of visualization. All
infrabony defects were detected using CBCT and
the probe. Statistical power was greater than 0.95
for all comparisons and varied from 0.95 to 0.99. Cor-
relations among examiners were calculated for all
sites and modalities, with the exception of undetect-
able buccal and lingual defects on the radiographs.
Correlations varied between 0.09 and 0.99 (Table
1), with an average of 0.4, 0.53, 0.62, and 0.95 for di-
rect, PA, CBCT, and impression measurements, re-
spectively. Correlations between examiners were
also calculated similarly. For the distance between
the CEJ and apex of the defect, they were 0.41,
0.84, and 0.65 for direct, PA, and CBCT measure-
ments, respectively. For defect width, they were
0.59, 0.41, and 0.64 for direct, PA, and CBCT mea-
surements, respectively.

Height (distance A between cemento-enamel junc-
tion and apex of the defect) for each method was com-
pared against the electronic caliper. Mean errors for all
measurements were 0.41 mm (– 1.19 SD), 0.27 mm
(– 1.26 SD), and 0.34 mm (– 1.5 SD) for CBCT, PA
radiographs, and probing, respectively. These results
were not statistically different (P >0.35) (Fig. 3 and
Table 2). There was a statistically significant differ-

ence between examiners with regard to radiographs
(P = 0.018).

With isolated interproximal results only, means
were 0.36 mm (– 1.2 SD), 0.37 mm (– 1.18 SD),
and 0.60 mm (– 1.43 SD) for CBCT, PA radiographs,
and probing, respectively. These results were statisti-
cally different for probing versus the other two
methods (P <0.001) but not different for CBCT versus
PA radiographs (P >0.5) (Fig. 4 and Table 2). For
interproximal measurements and for all methods,
there was no statistical difference between examiners
(P >0.28).

Figure 2.
Three study measurements were recorded for each site: A) height
from the cemento-enamel junction to the apex of the defect; B)
height of the defect; and C) width of the defect.

Table 1.

Correlations Within Examiners for
Measurements A, B, and C

Probe PA CT Caliper

All measurements A 0.13 0.66 0.78 0.91

B 0.45 0.54 0.54 NA

C 0.60 0.38 0.61 0.98

Interproximal only A 0.12 0.65 0.70 0.90

B 0.32 0.54 0.66 NA

C 0.63 0.38 0.66 0.98

Buccal and lingual only A 0.46 NM 0.86 0.98

B 0.49 NM 0.32 NA

C 0.38 NM 0.49 0.99

NA = not applicable; NM = not measured because of insufficient data.

Figure 3.
Errors in height measurements (distance A) for all defects (median,
first and third quartiles, and maximums and minimums). There was
no statistically significant difference between the probe, PA
radiographs (PA), and CT.
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Measures of defect widths were recorded and com-
pared to caliper measurements for direct and CBCT
techniques. For radiographs, most buccal and lingual
measures could not be performed, according to ex-
aminers, and only interproximal results were com-
pared. For all sites combined, mean differences
were 0.93 mm (– 0.65 SD) and 1 mm (– 0.67 SD)
for direct and CBCT measures, respectively. For inter-
proximal areas only, results were 1.14 mm (– 0.62
SD), 1.16 mm (– 0. 62 SD), and 1.03 mm (– 0.51
SD) for direct measures, CBCT measures, and radio-
graphs, respectively. These means were not statisti-
cally different (P >0.1). For buccal and lingual
measures, the direct measurement mean difference
was 0.53 (– 0.51 SD), and the CBCT mean difference
was 0.7 (– 0.68 SD). These results were not statisti-
cally different (P >0.09).

DISCUSSION

Potential use of CT for periodontal evaluation has been
an area of interest in the past, recently becoming of ac-
tuality with the advent of new technology. Yet there has
been little research to validate the use of recent CT
methods for potential diagnosis of periodontal bone
level. Within the limits of the study, the present results
are evidence that CBCT is as accurate as direct mea-
surements using a periodontal probe and as reliable
as radiographs for interproximal areas. Because buc-
cal and lingual defects could not be diagnosed with ra-
diography, CBCT was a superior technique.

Using human cadaver jaws, Fuhrmann et al.10 also
compared radiographs with CBCT and found that only
60% of infra-alveolar bony defects were identified on
radiographs, whereas 100% could be distinguished us-
ing CBCT. This is similar to the results of the present
study, also showing that all defects were detected
using CBCT, but only 67% of them were diagnosed
using radiography because buccal and lingual defects
were not visible on the two-dimensional films. Their
measurements resulted in a mean underestimation of
2.2 mm using radiographs and 0.2 mm using CBCT,
which contrasts slightly with our study, where an over-
estimation of 0.27 mm for PA radiographs and 0.41
mm for CBCT was found. This variation between stud-
ies is likely due to methodology. It is interesting to note
that0.2 and 0.4 mm are the sizes ofone and twovoxels,
the smallest detectable units utilized in these studies.
Furthermore, the periodontal probe used in the study
for measuring radiographs imitates the clinical setting
but is a potential limitation: digital radiographs and dig-
ital measuring techniques may render more accurate
results, although they would not change the inability
to measure in the buccal and lingual direction.

Usinganimal andhumanmandibles, Mengel et al.24

compared periapical radiographs, panoramic films,
CT and CBCT measurements of periodontal defects
(fenestrations, dehiscences, and furcations) to their
corresponding histologic specimens. Intraoral radiog-
raphy was limited by visibility in the buccolingual di-
rection, and image quality (contrast, brightness,
distortion, overlay, clarity of bone structures, and fo-
cus) was superior using CBCT. When using radio-
graphs, they reported mean height discrepancies
(0.29 mm) comparable to the present study (0.27
mm). CBCT mean height was 0.16 versus 0.41 mm
in the present report. Again, methods may account
for these minimal differences. As expected, similar
outcomes were reported among other studies when
evaluating buccal and lingual defects only25 or when
comparing CT with other radiographic methods such
as cephalometry.26

Although two-dimensional radiography is of use for
interproximal lesions,6 its limitation was anticipated

Table 2.

Errors (means and SDs) From Gold
Standard Using a Periodontal Probe,
Radiographs (PA), or CBCT (CT)

Probe PA CT

All measurements Mean 0.34 0.27 0.41

SD 1.50 1.26 1.19

Interproximal only Mean 0.60 0.37 0.36

SD 1.43 1.18 1.20

Figure 4.
Errors in height measurements (distance A) for interproximal defects
only (median, first and third quartiles, and maximums and
minimums). There was no statistically significant difference
between the probe, PA radiographs (PA), and CT.
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during early investigations determining its diagnostic
value for periapical and periodontal disease.27,28 On
the other hand, geometric accuracy was expected for
CBCT: using an in vitro geometric model to test a head
and neck CBCT, Marmulla et al.29 found that variation
was 0.13 mm (– 0.09 SD) with a maximum deviation of
0.3mm;usinglargemeasurementsofskulls invitrowith
thesamemachine,Lascalaetal.22 founderrorsvarying
from 0.07 to 0.2 mm. The present results are not as ac-
curatebecauseofhumanintervention indetectingbone
level. Furthermore, gutta percha was placed on roots
adjacent to measuring sites to standardize measure-
ment localizations. Visualization of gutta percha on ra-
diographic images also facilitated identification of
CEJs, which would bemore difficult ina clinical setting,
resulting in a potential error increase. In contrast, using
adryskullwithartificialdefectsmayhave influenced re-
sults because radiographic and CT representation of
cortical outline was missing, thus affecting bone-level
detection negatively.

Despite these encouraging results, CT has been
scrupulously limited to advanced dental applications
such as maxillofacial trauma or complex implant
treatments because of higher radiation doses.30 Yet
there is evidence that CBCT radiation is highly re-
duced compared to traditional CT. Comparing skin
exposure of traditional CT versus a small-view CBCT,
Honda et al.31 reported a total radiation reduction
from 160 to 1.19 mSv. Investigating organ exposure,
Scaf et al.32 reported a radiation exposure of 1.031
mSv for a maxilla and 2.426 mSv for a mandible using
CT. This is compared to a reported CBCT organ
radiation of 0.037 mSv versus a panoramic film that
was 0.022 mSv in one study21 or to 0.15 mSv for a
full-mouth series.33 Finally, it is likely that radiation
exposure will further decrease as technology evolves.

CONCLUSIONS

CBCT measurements compared well to traditional
methods, with the advantage of allowing observance
of periodontal defects in all directions. The present
research calls for further clinical investigation to con-
firm that this method is widely applicable for use in
periodontal diagnosis.
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