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Accuracy of linear intraoral measurements using cone beam CT

and multidetector CT: a tale of two CTs
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Objectives: The aim was to compare the accuracy of linear bone measurements of cone
beam CT (CBCT) with multidetector CT (MDCT) and validate intraoral soft-tissue
measurements in CBCT.
Methods: Comparable views of CBCT and MDCT were obtained from eight intact
cadaveric heads. The anatomical positions of the gingival margin and the buccal alveolar
bone ridge were determined. Image measurements (CBCT/MDCT) were performed upon
multiplanar reformatted data sets and compared with the anatomical measurements; the
number of non-assessable sites (NASs) was evaluated.
Results: Radiological measurements were accurate with a mean difference from anatomical
measurements of 0.14 mm (CBCT) and 0.23 mm (MDCT). These differences were statistically
not significant, but the limits of agreement for bone measurements were broader in MDCT
(21.35 mm; 1.82 mm) than in CBCT (20.93 mm; 1.21 mm). The limits of agreement for soft-
tissue measurements in CBCT were smaller (20.77 mm; 1.07 mm), indicating a slightly higher
accuracy. More NASs occurred in MDCT (14.5%) than in CBCT (8.3%).
Conclusions: CBCT is slightly more reliable for linear measurements than MDCT and less
affected by metal artefacts. CBCT accuracy of linear intraoral soft-tissue measurements is
similar to the accuracy of bone measurements.
Dentomaxillofacial Radiology (2012) 41, 637–644. doi: 10.1259/dmfr/21152480
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Introduction

Cone beam CT (CBCT) was originally developed at the
Mayo Clinic in 1982 for angiography procedures.1 Since
its introduction into craniofacial imaging, CBCT has
proved to be a valuable diagnostic tool, primarily because
of its lower radiation exposure than multidetector CT
(MDCT),2–6 but also for the short acquisition time, small
physical size and moderate costs.7–9 Today clinicians
frequently request linear measurements performed upon
cross-sectional image data. The question has therefore
been raised whether CBCT may be capable of replacing
MDCT for these needs in dentomaxillofacial imaging. So
far, various efforts have been made to compare accuracy
and image quality of CBCT and MDCT. However, an

adequate understanding of the inherent differences in the
properties of both types of image data is necessary to
draw an appropriate comparison.

One particular advantage of CBCT data volume is its
composition of isotropic voxels providing the same
spatial resolution when reconstructed in multiplanar
image reformations (MPRs).9 In contrast to this,
conventional MDCT data are composed of anisotropic
voxels, as the coronal dimension (i.e. along the z-axis) is
determined by several factors such as slice collimation
and pitch (i.e. table travel per rotation divided by the
collimation of the X-ray beam).10 The spatial resolution
in the z-axis of current MDCT scanners is limited to
0.4–0.6 mm, and therefore decreases when reconstructed
from the original raw data. A further advantage is the
comparably shorter acquisition time, which may help
reduce motion artefacts due to patient movement. Most
CBCT devices are capable of providing a minimal voxel

*Correspondence to: Dr Raphael Patcas, Clinic for Orthodontics and Pediatric

Dentistry, Center of Dental Medicine, University of Zurich, Plattenstrasse 11,

8032 Zurich, Switzerland. E-mail: raphael.patcas@zzm.uzh.ch

Received 17 June 2011; revised 6 October 2011; accepted 13 December 2011

Dentomaxillofacial Radiology (2012) 41, 637–644
’ 2012 The British Institute of Radiology

http://dmfr.birjournals.org



resolution between 0.07 mm and 0.25 mm, exceeding
most commercially available high-resolution MDCT
scanners.9

On the other hand, CBCT imaging presents a few
drawbacks. The displayed greyscale values in CBCT are
arbitrary, do not correspond to the Hounsfield unit
(HU) scale used in MDCT, and reportedly differ from
device to device.11 Yet the ability to derive HUs from
grey levels would open new opportunities for qualitative
appraisals and comparative research. Mah et al11

attempted to convert greyscale in CBCT into a ‘‘rescaled
HU’’ with a proposed coefficient. However, Bryant and
colleagues12,13 argued that the greyscale value of CBCT
varies linearly with the total mass in the slice. The
greyscale value will therefore not only depend on the
attenuation coefficient measurement, as described by the
Hounsfield equation, but also on the total mass of the
object. A further limitation of CBCT imaging is that
structures outside the limited field of view (FOV) may
produce density variability in the scanned volume and
cause a decrease of image contrast.14–16 Lastly, com-
pared with MDCT, CBCT images are associated with
increased noise and scatter radiation,17 which result in
less soft-tissue contrast resolution.2,7,18 Therefore, it has
been argued that CBCT is solely suitable for evaluating
calcified structures such as bone or teeth, as CBCT
provides images of highly contrasting structures well.2,7,9

Since 2004,19,20 numerous attempts have been made to
ascertain CBCT accuracy. The methods routinely app-
lied are (1) the use of geometrical hardware phantoms;
(2) the use of anthropomorphic phantoms; or (3) a
comparison of a new imaging modality with an extant
established imaging modality.21 But validating a new
method through comparison lacks a standardized re-
ference, and phantom studies do not render clinical
application. Furthermore, the lack of soft tissue in pre-
vious studies presents another limitation. Besides failing
to reproduce clinical truth appropriately, absence of soft
tissue means simply forfeiting the opportunity to mea-
sure it. Thus, our study aims to offer a fourth approach:
the use of intact cadaveric heads, which may facilitate the
depiction of the clinical truth authentically and may
enable us to establish a reference value by performing
direct soft-tissue measurements.

The aim of this study was (a) to compare the image
quality and accuracy of CBCT and MDCT compared
with anatomical reference standard measurements, and
(b) to compare intraoral soft-tissue measurements with
bone measurements upon CBCT data. To overcome the
limitations of previous comparative studies, we sought to
evaluate similar scan protocols for CBCT and MDCT
and optimally approximate a clinical situation using
intact cadaveric heads.

Materials and methods

Specimen
The sample consisted of eight unmitigated cadaveric
heads (five females, three males; age range 65–95 years;

mean age 81 years). Each specimen had a complete
canine-to-canine dentition in the mandible. The speci-
mens were obtained from a voluntary body donation
programme and were supplied by the Anatomical
Institute of the local university in accordance with
State and Federal regulations (voluntary body donation
programme on the basis of informed consent), the
Convention on Human Rights and Medicine22 and the
recommendation of the National Academy of Medical
Science.23 The perfusion was carried out within 4 days
after death with a fixation liquid consisting of 2 parts
alcohol (70%), 1 part glycerine and 2% AlmudorH
(Isspest Control, Dietikon, Switzerland; containing 8.1%
formaldehyde, 10% glyoxal and 3.7% glutaraldehyde).

Image acquisition
All MDCT and CBCT examinations were carried out
prior to the removal of the gingiva. The MDCT scans
were performed on a commercially available 40-detector
row CT system (Brilliance CT 40, Philips Healthcare,
Eindhoven, Netherlands) with the following scan para-
meters kept identical for all specimens: tube voltage,
120 kV; tube current–time product, 70 mAs; slice colli-
mation, 2060.625 mm; pitch, 0.68; reconstruction slice
thickness, 0.67 mm; reconstruction increment, 0.33 mm;
window level setting, 2000/500 HU; voxel size, 0.39 mm
(x), 0.39 mm (y) and 0.67 mm (z).

All CBCT scans were performed on a commercially
available CBCT scanner with an Amorphous Silicon
Flat Panel (KaVo 3D eXamH; KaVo Dental GmbH,
Bismarckring, Germany). The following scan para-
meters were kept identical during all CBCT examina-
tions: tube voltage, 120 kV; tube current–time product,
37.07 mAs; reconstruction thickness, 0.4 mm; recon-
struction increment, 0.4 mm; voxel size, 0.4 mm (x),
0.4 mm (y) and 0.4 mm (z).

Anatomical measurements (Figure 1a)
An electronic digital calliper was used for all anatomical
measurements (accuracy 0.01 mm, DIN 862). All clinical
measurements were repeated after 2 weeks and the mean
values were used for further statistical analysis.

Soft tissue measurement: The distance between the
incisal edge (IE) and the gingival margin (GM) of all
lower front teeth (canine to canine, n 5 48).

Bone measurement: The distance between the incisal
edge and the alveolar bone ridge (ABR) of all lower
front teeth (after gentle removal of the gingiva; canine
to canine, n 5 48).

The most apical point of the lunar-shaped devolution
of the bone ridge was selected.

Image analysis/radiological measurements
The radiological measurements were performed using
a dedicated, commercially available post-processing soft-
ware tool for digital imaging and communications in
medicine (DICOM) data review (Synedra View Personal,
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v. 1.0.12.1). All images were reconstructed using multi-
planar reformatting perpendicular to the curvature of the
dentition, making it possible to depict every tooth in its
buccolingual profile (Figure 2). MDCT image data were
derived from axial-source raw data. All images were
magnified on the monitor to the field of interest, and an
electronic calliper tool was used to measure the two
distances corresponding to the anatomical measurements
mentioned above (Figure 1b). The bone measurements
(IE–ABR) were evaluated on the CBCT and MDCT
scans, and the soft-tissue measurements (IE–GM) only on
the CBCT scans. All radiological measurements were
taken twice, at least 1 week apart, by the same observer.
The monitor used to view the images and measure the
distances was set at the highest resolution setting
(168061050, pixel pitch 0.258 mm).

Owing to metal-induced beam hardening artefacts, a
total of seven sites were not assessable on MDCT and/
or CBCT images. These sites were excluded from
further data analyses. From the 41 remaining CBCT
data sets, the gingiva could not be distinguished on 10
data sets owing to very tight lip contact, and these sites
needed to be excluded from the soft-tissue measure-
ments (IE–GM), and thus only clearly depicted gingiva
were assessed (n 5 31).

Statistical analysis
Two commercially available software packages (SPSSH
v. 17; SPSS Inc., Chicago, IL, and MedCalc v. 11.4.1.0;
MedCalc Software, Mariakerke, Belgium) were used for
all statistical analyses. To determine intraobserver
reliability, the intraclass correlation coefficient (ICC)
for absolute agreement based on a one-way random
effects analysis of variance was calculated for the
radiological measurements. Descriptive statistics for
the differences between radiological and anatomical
measurements for each category (i.e. MDCT bone
measurements, CBCT bone measurements, CBCT soft-
tissue measurements) were computed separately. In
order to disclose deterministic differences between both
methods of measurement, a one-sample Student’s t-test
was applied to the differences. Furthermore, the Bland–
Altman method24,25 was performed and the limits of
agreement were identified. p-values less than 0.05 were
considered as statistically significant.

Results

The ICC revealed a very good repeatability of the
radiological measurements [r 5 0.92; 95% confidence

Figure 2 Orientation of the multiplanar image reformations
perpendicular to the dentition, enabling one to view every assessed
tooth in its buccolingual profile

a b

Figure 1 (a) Measurements taken. IE, incisal edge; GM, gingival margin; ABR, alveolar bone ridge. (b) Representative multidetector CT scan,
specimen 949
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intervals (CI) 0.86 mm; 0.96 mm)]. This high intraob-
server reliability is considered a prerequisite for further
comparisons of measurements.

The accuracy of the measurements proved to be
acceptable for all protocols (MDCT bone, CBCT bone
and soft tissue). The results of the descriptive statistics
and the one-sample t-test are given in Table 1. There
were more non-assessable sites (NASs) with MDCT
(14.5%) than with CBCT (8.3%). The mean difference
for all readings was very close to 0 mm, with 0.23 mm for
MDCT and 0.14 mm for CBCT (bone and soft tissue,
respectively). The one-sample t-test revealed no signifi-
cant differences between the radiological and clinical
measurements, and 0 mm was always within the 95% CI
bound. The mean differences between the radiological
and anatomical measurements are plotted in Figure 3.

To validate the various measurements, the difference
between the measurements was plotted against the
mean as recommended by Bland and Altman
(Figure 4a–c). The mean value, limits of agreement
and the 95% CI for the limits of agreement are marked
in the figures. These figures show that, although the
mean differences were all close to 0 mm, the limits of
agreement for bone measurements were broader in
MDCT (21.35 mm; 1.82 mm) than in CBCT
(20.93 mm; 1.21 mm). These results suggests that
MDCT is to some extent less accurate. The limits of
agreement for soft-tissue measurements in CBCT,
however, were smaller (–0.77 mm; 1.07 mm), indicating
a slightly higher accuracy for soft-tissue measurements.

Discussion

Over the last decade, CBCT has gained increased
influence in the field of diagnostic maxillofacial imaging,
being referred to as the ‘‘modality of choice’’.26

However, the absolute value of CBCT and its role as a
standard of reference remains questionable until it has
been carefully and adequately compared with the
existing standard of reference, which is MDCT.

Multiple investigations have been conducted to
compare CBCT and MDCT using either a dry mand-
ible,27–29 a maxilla,3,30,31 both,32,33 or an anthropo-
morphic phantom.3,33–36 To the best of our knowledge,
only three studies26,36,37 have been published so far using
intact human heads to compare the performance of
CBCT and MDCT in the dentomaxillofacial area.
However, the focus has been laid predominantly on
image quality, and not on accuracy of measurements.
Hence, in all three studies the obtained measurements
were not compared with anatomical measurements.
Moreover, it is obvious that measurements taken from
images obtained from lower-resolution protocols are
prone to giving inferior results.38 However, many
previous studies compared high-resolution CBCT
protocols with standard MDCT protocols,27–32,35 i.e.
comparing voxel sizes of 0.12560.12560.125 mm
(CBCT) with voxel sizes of 0.37560.37560.4 mm
(MDCT).21 We believe that using scan protocols with a
substantial difference in voxel volume [1.9561023 mm3

(CBCT) vs. 39.0961023 mm3 (MDCT)] renders a com-
parison inappropriate.

Mindful of the limitations of the above studies, we
attempted to perform a comparative study applying a
low-resolution CBCT protocol and comparing the
obtained measurements with the anatomical truth.

Reduced image quality due to metallic artefacts
presents a challenge and serious limitation in dento-
maxillofacial imaging.39 Implants, dental reconstruc-
tions and orthodontic appliances may cause beam
hardening and streaking artefacts, thus decreasing
image quality.40 To determine image quality in our
study, we have evaluated the number of NASs due to
metallic dental reconstructions. The results show that,
compared with the CBCT scans, MDCT scans showed
more NASs because of the close proximity of the
measured area to the metal reconstructions. Moreover,
the MDCT data were sometimes compromised in
remote areas as well, owing to pronounced streaking
or starburst artefacts (Figure 5). By quantifying the
NASs (14.5% for MDCT vs 8.3% for CBCT) our study

Table 1 Descriptive statistics, one sample t-test, 95% confidence interval (CI) for differences and limits of agreement: positive numbers represent
overestimation and negative numbers underestimation of the radiological measurement (Rx) with respect to anatomical measurement (Anat)

Differences Rx–
Anat n NASs (%) p-value Mean (mm) SD (mm) Range (mm) 95% CI (mm) Limits of agreement (mm)

MDCT bone 41 14.5 0.0667 0.23 0.81 4.42 20.02; 0.48 21.35; 1.82
CBCT bone 41 8.3 0.0956 0.14 0.55 2.07 20.02; 0.31 20.93; 1.21
CBCT soft tissue 31 – 0.0874 0.14 0.47 1.78 20.02; 0.32 20.77; 1.07

CBCT, cone beam CT; MDCT, multidetector CT; NASs, non-assessable sites; SD, standard deviation.

Figure 3 Box and whisker plot of the differences (Diff) between the
radiological (Rx) and anatomical (Anat) measurements. CBCT, cone
beam CT; MDCT, multidetector CT
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shows a highly relevant finding for clinical practice.
However, this is not in accordance with Draenert et
al,41 who found stronger beam hardening artefacts in
CBCT than in MDCT. A comparison of the two studies
is difficult, however, because Draenert et al examined
one dental implant (one metal alloy) in a dry skull. The
present study, alternatively, aims to approximate
clinical practice with greater accuracy using intact
cadaveric heads: most of the specimens contained a
multitude of metallic reconstructions in various loca-
tions. This is important because both variables,
composition and orientation of metals, affect the
data.38 In general, CBCT produced smoother images
with reduced image contrast. Although this hinders the
qualitative assessment of tissues, it proved beneficial for
the quantitative appraisal of linear measurements.

The broader limits of agreement in MDCT indicate
that linear measurements are slightly more accurate

when performed upon CBCT rather than MDCT data
and confirm the results of previously published
studies.19,27,32 Moreover, our data are in accordance
with studies reporting a generally better image quality
of CBCT for hard-tissue assessments.3,28,31,42

Literature on the accuracy of CBCT-based soft-tissue
measurements is scarce. Januário et al43 measured
gingival tissue by means of CBCT, and Barriviera
et al44 proposed that the palatal masticatory mucosa
may be measured on CBCT data. However, both failed
to validate their obtained measurements against anato-
mical reference measurements. In two further studies,
Fourie et al45,46 described the accuracy of facial (i.e.
extraoral) soft-tissue measurements. However, these
results may not be applied to intraoral measurements,
because Fourie deemed only mean absolute errors of
more than 1.5 mm as clinically significant, which will not
hold true for intraoral clinical queries. Furthermore, the

Figure 4 Bland–Altman plots for (a) multidetector CT (bone), (b) cone beam CT (CBCT) (bone) and (c) CBCT (soft tissue). Mean value (solid
thick middle line), limits of agreement (broken lines) and 95% confidence intervals of the limits of agreement (solid thin lines) are shown. Anat,
anatomical; Diff, difference; SD, standard deviation

Accuracy of CBCT and MDCT
R. Patcas et al 641

Dentomaxillofacial Radiology



CBCT-based measurements were taken from a generated
three-dimensional soft-tissue surface model and not
from multiplanar reconstructions. Finally, the evalua-
tion of the scanned data on a laptop screen might have
been a curtailing factor on the accuracy.

To the best of our knowledge, the present study is the
first to describe the accuracy of intraoral soft-tissue
measurements on CBCT compared with bone measure-
ments. Interestingly, soft-tissue measurements are
slightly more accurate than bone measurements. The
reason might simply be because no other tissue is in
contact with the gingival surface, making the gingival
surface easier to identify.

In clinical practice, ascertaining the thickness of the
gingiva or mucosa would be highly advantageous. The

success of surgical procedures in periodontology often
depends on the thickness of the soft tissue present,47 as
well as the thickness of the donor site when grafting
connective tissues.48 Furthermore, the width of the free
gingival margin is directly related to more frequent and
more severe recessions,49 and gingival problems occur
generally more often in individuals with a thin gingival
biotype.50 Additionally, considerable intra- as well as
interindividual variations in thickness of the masticatory
mucosa exist.51 As a result, a non-invasive method to
assess the thickness of the gingiva has long been sought.
Müller et al47 introduced an ultrasonic measuring
method, but were forced to admit that it was not reliable
enough. More recently, Januário et al43 published an
innovative approach to expose the buccal gingiva during
the scan by means of a lip retractor (Figure 6). However,
their radiological measurements were not verified. The
findings of our study validated the accuracy of intraoral
soft-tissue measurements and legitimate radiological
measures of the gingiva and the masticatory mucosa.
Hence, the use of a lip retractor seems highly commend-
able to expose the buccal gingiva.

Limitations
One limitation is the possible bias of a single observer,
probably yielding greater consistency in radiological
landmark identification than the varied interpretations
of a landmark by several observers. A meta-analysis
on identification and reproducibility of radiological
(cephalometric) landmarks, however, indicates that the
number of observers does not play a significant role in
landmark identification,52 and in a more recent study

Figure 6 Lip retractor commonly used in orthodontics. This tool
might be useful in cone beam CT image acquisition for gingival
measurements

a b

Figure 5 Representative scan of the identical specimen (same region and same multiplanar reformatting) with typically constrained data from
metal reconstruction. (a) Multidetector CT, (b) cone beam CT. Note the obvious difference in image quality
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de Oliveira et al53 demonstrated a likewise excellent
interobserver reliability in CBCT landmark reproduci-
bility in all three planes of space.

A second constraint may be that unmitigated cada-
veric heads render only an approximation of clinical
truth. Specifically, the alcohol fixation of the specimens
contained low concentrations of glutaraldehyde and
formaldehyde, which are known to modify certain tissue
properties, e.g. slight muscle expansion and fatty tissue
shrinkage,54 and are known to alter periodontal fibre
architecture.55 Yet a comparison of soft-tissue and bone
measurements must presuppose that fixation does not
modify tissue properties. There is evidence supporting
glyoxal-based fixation as a suitable fixative for structural
evaluation of soft tissue.56 In addition, no significant
differences have been reported in bone mineral density
and the initial Young’s modulus between alcohol
fixation and fresh-frozen specimens.57

Lastly, some concern may be raised as to whether
multiple measurements on the same head could be
interpreted as independent samples, as this probably
violates the assumption of independence required for
parametric statistical testing. This problem is discussed

in periodontal research58 and is common for all
cadaveric studies. In radiology this limitation is
possibly less acute than in periodontology (where each
site is clearly dependent of the ubiquitous oral habitat
and host factors), as the correlation between measure-
ments at different radiological sites is weaker owing to
the impact of orientation and distance to metal
affecting the imaging.

In conclusion, CBCT image data is inherently different
from MDCT image data, generating smoother images
with lower image contrast. This serious limitation in
regard to qualitative appraisal of soft tissue and bone
proved beneficial for the quantitative assessment of linear
measurements. Compared with MDCT, CBCT appears
to be less susceptible to metal artefacts and slightly more
reliable for linear measurements. Therefore, in practice,
the clinician’s choice over which CT device to use should
depend on the intended diagnostic purpose of each scan
to be performed. A further finding is that CBCT accuracy
of linear soft-tissue measurements is similar to the
accuracy of linear bone measurements. The use of a lip
retractor is recommended to enable the exposure of the
buccal gingiva.
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