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Review

The accuracy of linear measurements

in cone beam computed tomography for
assessing intrabony and furcation defects:
A systematic review and meta-analysis.

La precisién de las mediciones lineales en la tomografia

computarizada de haz cénico para evaluar defectos intradseos
L4 L4 . ’ . 71. .

y de furcacién: Una revisién sistemdtica y un metandlisis.

Abstract: Objective: This study aims to assess the accuracy of the linear measurements
of intrabony and/or furcation defect quantified by cone beam computed tomography
(CBCT). Material and Methods: A systematic search of the literature was conducted
by two authors independently from the PubMed, Scopus, and EBSCO for full articles
published in journals between January 2003 and March 2017. Eligible studies were
assessed for quality and heterogeneity using the QUADAS-2 tool. A meta-analysis was
performed to identify the accuracy of CBCT in the measurement of intrabony defects.
The effect size was estimated and reported as the standardised mean difference (SMD).
Results: A total of 105 titles and abstracts were screened. Of those, 11 articles met
the inclusion criteria for the systematic review while only four were selected for meta-
analysis. The overall effects of standardized mean difference and 95% CI was -0.03
[95% CI -0.67 to 0.60] with a x?statistic of 0.49 with 3 degrees of freedom (p>0.05),
L= 0.01%. Conclusion: CBCT is highly accurate and reproducible regarding linear
measurements for assessing intrabony defects with a weighted standardized mean
difference of 0.03mm. More randomised controlled trials are required to assess the
accuracy of CBCT in assessing patients with periodontal defects.

Keywords: Cone-beam computed tomography; furcation defect; periodontal diseases;
databases, bibliographic; publications; data collection.

Resumen: Objetivo: Este estudio tiene como objetivo evaluar la precisién de
las mediciones lineales de defectos intradseos ylo de furcacién cuantificados por
tomografia computarizada de haz cénico (CBCT). Material y Métodos: Dos autores,
independientemente realizaron una busqueda sistemdtica de la literatura en PubMed,
Scopus y EBSCO, para obtener articulos completos publicados en revistas entre Enero
de 2003 y Marzo de 2017. Los estudios elegibles se evaluaron para determinar la calidad
y la heterogeneidad utilizando la herramienta QUADAS-2. Se realizé un metanilisis
para identificar la precisién de CBCT en la medicién de defectos intradseos. El tamafo
del efecto se estimd y se informé como la diferencia de medias estandarizada (DME).
Resultados: Se seleccionaron un total de 105 titulos y resimenes. De ellos, 11 articulos
cumplieron con los criterios de inclusion para la revisién sistemdtica, mientras que solo
cuatro fueron seleccionados para el metandlisis. Los efectos generales de la diferencia
de medias estandarizada y el IC del 95% fueron -0.03 [IC del 95%: -0.67 a 0.60] con
una estadistica X* de 0.49 con 3 grados de libertad (»>0.05), I,= 0.01%. Conclusién:
CBCT es altamente preciso y reproducible con respecto a mediciones lineales para
evaluar defectos intradseos con una diferencia de medias estandarizada ponderada de
0.03 mm. Se requieren mds ensayos controlados aleatorios para evaluar la precisién de
CBCT en la evaluacién de pacientes con defectos periodontales.

Palabras Clave: Tomografia computarizada de haz conico; defecto de furcacion;
enfermedades periodontales; bases de datos bibliogrdficas; recoleccion de datos.
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INTRODUCTION.

Periodontitis is an infectious disease that exhibits
inflammation of the supportive tissues of the tooth, that
can inevitably lead to the destruction of the periodontal
ligament and alveolar bone, and which may also result
in tooth loss." A recent systematic review has shown that
periodontitis is highly prevalent, with approximately
10% of the global population affected by advanced
periodontitis.” Therefore, it is crucial to diagnose and
manage this condition at its initial or early stage.

After assessing the periodontal condition and disease
from the patient’s history and after clinical examination
and diagnosis, a good and accurate assessment of
periodontal bone loss or periodontal defects are needed
for the proper formulation of a suitable treatment plan.
Clinically, the periodontal probe continues to be one of the
most useful diagnostic tools to determine the presence and
severity of periodontal bone loss.>* However, studies have
shown that due to several factors, errors may contribute
to the final estimated value during periodontal probing,
due to such variables as the type of periodontal probe
used, probing force, type of site, type of location of the
tooth, inflammatory state of the tissues, and presence of
subgingival calculus.”®

Furthermore, dental radiographs are used as an adjunct
diagnostic method for the management of periodontal
patient.” Dental radiographs also provide information
about the bone levels and pattern of bone loss that cannot
be gained through routine clinical examination which can
be measured as linear distances from the cemento-enamel
junction (CE]) to the bone defects.’'* A study has shown
that bone loss should be considered if the radiographic bone
height is greater than 1.9mm (95 % confidence interval:
0.4-1.9mm)."> Moreover, by looking at the remaining bone
support with the root length, radiographs can provide key
information of relevance towards periodontal decision
making which is not possible to be captured by clinical
examination."

Currently, two-dimensional planar images from intra-
oral and panoramic radiography are the most frequent
conventional imaging techniques used to identify the
location, quantify the amount and determine the pattern
of alveolar bone loss."” Intraoral radiographs, including

bitewing (BW) and periapical (IOPA) views as well as
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panoramic radiograph, are considered to be the gold
standard in radiographic tools for assessing alveolar bone
status.'”® However, these techniques only provide two-
dimensional (2D) images for the detection and quantitative
assessment of 2-wall and 3-wall defects.

Therefore, a more accurate imaging technique is required
to produce high quality images and reduce the inevitable
limitations from the conventional radiography.

Cone beam computed tomography (CBCT) has recently
emerged in the dental field and is being investigated as a
possible complementary diagnostic tool in periodontal

practice.'®

'® Interestingly, a recent paper reported that
CBCT could be used in assessing periodontal defects
such as localized intrabony defects, buccal cortical plate
defects, molar furcation involvement, and periradicular
pathologies.”” Previous studies have also shown that in
comparison with 2D imaging, CBCT generates images
with excellent morphologic details, dimensional accuracy,
and eliminates structural distortion and overlapping.'>*

The use of the best radiographic tools for treatment
planning may also assist the periodontist in the decision-
making process from the initial diagnosis until definitive
treatment. This would be more significant especially when
surgical procedures are involved as suggested by previous
studies that recommended to take CBCT of molars with
furcation involvement and teeth with deep intrabony
defects.'®2">?

To date, there have been three systematic review articles
discussing the role of CBCT in periodontitis.”>** The
first article, by Walter ez 4/.,”* discussed the indications of
CBCT for periodontal diagnosis and treatment planning
in specific clinical situations, concerning the accuracy
and potential benefit of dental CBCT. Further, this study
concluded that CBCT provides high accuracy in detecting
the morphology of vertical bony defects particularly in
maxillary molars with furcation involvement.

In another article, Nikolic-Jakoba et a/.,** reviewed the
diagnostic efficacy of CBCT for the diagnosis of and/or
treatment plan for intrabony and furcation defects using
a well-known six-tiered hierarchical model for diagnostic
efficacy. This study concluded that there was insufficient
scientific evidence to justify the use of CBCT in the
diagnosis and treatment plan for intrabony and furcation

defects.
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Subsequently, Anter ez al.,*® questioned the accuracy
of CBCT in the measurements of alveolar bone loss in
periodontal defects in their systematic review study.
They found that the mean CBCT measurement error
in the included studies ranged between 0.19+0.11mm
and 1.27t1.43mm. However, this study did not discuss
furcation defects.

It is apparent that most of the previous studies agreed
that CBCT provided better accuracy and had been verified
in terms of detection and quantification of periodontal
defects.””*” However, to the authors’ knowledge, none of
the existing studies measured the pooled effect of linear
measurement in CBCT as compared to the clinical
intrasurgical measurement when the accuracy is defined as
“how close a measured value is to the actual value”.”® Hence,
the objective of this study is to assess the accuracy between
CBCT and the clinical intrasurgical linear measurements

of intrabony and/or furcation defect.

MATERIALS AND METHODS.

This study followed a standard protocol based on
the PRISMA (Preferred Reporting Items for Systematic
Review and Meta-Analyses) guidelines.”” In the light
of available evidence, the specific questions in this
systematic review were addressed according to the PICO
(Population, Intervention or exposure, Comparison,
of the CBCT’s

linear measurement (O) deviates from the clinical

Outcome) criteria’®: “How much
intrasurgical measurement /artificial osseous defect (C)
for the assessment of intrabony and furcation defects (I)
in periodontitis (P)?”

Type of studies included

All study designs were included except for case
reports, case series, and systematic reviews.

Study selection

The studies were eligible for selection if the clinical or
comparative CBCT studies were performed on humans.
The studies that utilized CBCT with the presence of
intrasurgical measurement to validate the true state of
the disease were also included. However, studies were
only included if the raw data of CBCT and clinical
intrasurgical measurement in measuring intrabony and
furcation defects were presented. Additionally, only

English publications were selected for this study.
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Types of outcome measures

The primary outcome measure was the standardised
mean difference for the accuracy of dental CBCT
compared to the clinical intrasurgical measurement
(CBCT - intrasurgical measurements). Hence, the
positive value will denote the overestimation of the
CBCT measurement while negative value reflects an
underestimation of the CBCT measurement. For each
study included, at least the mean error and standard
deviation must be documented.

Search strategy for identification of studies

A systematic search of the literature was conducted
by two authors (NA and MYP) independently from
the PubMed, Scopus, and EBSCO for the full articles
published in journals between January 2003 and March
2017. The Boolean search was performed on each
database using the search term: “cone beam computed
tomography” OR “cone beam CT” OR “CBCT” OR
“tomography” AND “furcation defects” OR “intrabony
OR OR OR

“periodontal bone loss” OR “intrabony” OR “vertical

defects” “furcation” “furcations”
defects” OR “vertical bone loss” OR “interradicular
bone loss” OR “interradicular bone defects”. The search
was supplemented with a manual search based on the
reference lists of the selected papers and other previous
reviews including related journals. Accordingly, the
search was regularly updated to prevent the inclusion of
retracted articles.

Data selection

In the first sieve, the titles and abstracts were
screened independently by the two authors (NAMY
and MYPMY). Any irrelevant abstracts, identical
abstracts in different databases and abstracts that did
not satisfy the inclusion criteria were excluded. After
screening the titles and abstracts, a second screening
was performed where the full texts of potentially
relevant articles were obtained to exclude articles with
improper methodology along with selective reporting
of results. Any disagreements were resolved by further
discussion or arbitration with the third author (EN).
After selecting articles for data extraction, the reference
lists of the selected articles and related review articles
were manually searched. Proprietary reference manager

software was used to manage a large number of studies
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during this stage, and the reasons for excluding studies
were recorded. The study selection was then documented
in a detailed flow chart.

Data extraction

Information pertaining to the year of publication and
diagnostic accuracy of CBCT used were extracted from
each article by two independent reviewers (NAMY and
MYPMY). Data extraction is based on the study design,
sample size, CBCT image acquisition parameters,
clinical intrasurgical measurements, and results.
Furthermore, the linear measurement was evaluated
and independently assessed by the two independent
reviewers.

Assessment of methodological quality

The Quality Assessment of Diagnostic Accuracy
Studies-2 (QUADAS-2) tool’" built on the original
QUADAS tool** was used to assess the methodological
included The

recommended QUADAS questions were used which

quality of each of the studies.
provided a structured series of questions, each with a
defined answer. The questions were designed to evaluate
the presence of any bias related to multiple aspects of
the methodology of the selected studies consisting of
four key domains that discussed patient selection, index
test, reference standard, and flow of patients through
the study and timing of index tests and reference
standard (flow and timing). Each study was reviewed
by two of the three authors (NAMY and MYPMY),
and any disagreement between the two review authors
was solved by means of consensus. Next, the individual
review author assessments and the agreed results of
the QUADAS-2 tool were combined. The questions
selected are listed in Appendix 1. This tool underwent
piloting and calibration before being used to assess the
selected articles.

Data analysis
the

the selected studies including statistical tests were

Descriptive analyses of characteristics  of
performed by summarising the studies in evidence
tables to determine the quantity of data and checking
for variations in the characteristics of individual studies.
The evidence tables provided the framework to assess
if the data is suitable for further quantitative analyses

such as meta-analyses.
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Meta-analyses were carried out using RStudio
version 3.4.1 (2017-06-30) RStudio, Inc. Software
and the metafor function package was used to develop
the graphics and quantitative measurement in this
analysis.”” In the present study, the mean difference and
standard deviations were obtained either directly from
the paper or calculated where possible. Data entry was
double checked by another author (EN). The weight of
each study included in the meta-analysis for every effect
estimate was determined by its standard deviation and
sample size. The effect size was estimated and reported
as the standardised mean difference (SMD) with the
95% confidence interval (CI) for linear measurements.
Furthermore, a funnel plot serving as a visual means was
carried out to assess any disproportionate representation
of the study results according to both strength and

precision.

RESULTS.

Study characteristics

A total of 105 titles were initially identified. However,
after filtering for any duplicates, 70 titles and abstracts
were reviewed, and only 28 articles were potentially
related. Of these," articles did not meet the inclusion
and exclusion criteria, and a total of 11 articles were
finally included in the systematic review. Only four
studies with intrabony defects were included in the
quantitative analysis. The exclusion was mainly due to
papers that did not match the inclusion criteria.

Figure 1 summarises the selection process while the
excluded studies and reasons for exclusion are presented
in Table 1.

The included publications were published in the period
between 2006 and 2016. The data extraction from the
11 included studies was completed and is presented in
Table 2. Next, these studies were appraised as part of the
methodological quality assessment using the previously
mentioned checklist’ (Appendix 2).

Among the included publications, three publications

193435 which used human skulls

were in vitro studies
by creating artificial periodontal defects as a clinical
intrasurgical measurement (gold standard) under a
controlled environment and representing an almost ideal
condition. The remaining articles were clinical studies.

ISSN Online 0719-2479 - www.joralres.com © 2019
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All the clinical studies performed clinical intrasurgical
measurement as the gold standard where three studies
were measured on furcation defects. Of these three
studies, two assessed the accuracy of maxillary molars
by comparing the severity of furcation involvement
by the percentage agreement between the CBCT and
intrasurgical findings that served as a gold standard.?**’

For the outcome measures, the accuracy of CBCT
was observed from the data of the mean difference
and standard deviation. The mean difference with a
‘negative’ value indicates that the CBCT measurement
was underestimated when compared to the clinical
intrasurgical measurement. Subsequently, the CBCT

the

difference exhibited a ‘positive’ value. None of the

measurement was overestimated when mean
primary studies presented a zero value of the mean
difference. The risks of bias in individual studies were

assessed accordingly as illustrated in Figure 2 and in
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Table 3. Consequently, the results of the clinical studies
were analysed for meta-analysis.

Syntheses of results

The data from the included studies in this review was
pooled and analysed to address the accuracy of CBCT in
the linear measurement for assessing the vertical defects
(n=4). As shown in Figure 3, there is no statistical
significance at the study level except for Pahwa er al.,*
(standardised mean difference = 0.07mm, [95% CI
-0.66 to 0.80]).

However, a meta-analysis of all four studies suggested
that the accuracy of CBCT in comparison with the
clinical intrasurgical measurement was not statistically
significant. Moreover, the overall effects of standardised
mean difference was -0.03mm [95% CI -0.67 to 0.60]
with a x* statistic of 0.4898 with 3 degrees of freedom
(»>0.05), 1= 0.01%. The funnel plot (Figure 4) did not

indicate any evidence of publication bias.

Figure 1. Flow diagram of the selection process of the studies included based on PRISMA 2009.
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Figure 2. Risk of bias and applicability concerns graph: judgements about
each domain are presented as percentages across included studies.
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A: Proportion of studies with low, high, or unclear risk of bias, % . B: Proportion of studies with low, high, or unclear concerns regarding applicability, %.

Figure 3. Forest plot of standardised mean difference in accuracy of CBCT for assessing intrabony defects.

Authors Year Weight S.M.D.[95% Cl]
]
Grimard et al.3® 2009 — 9.59% -0.50[-2.56, 1.56]
Pahtwa et al.?° 2009 —eri 75.37% 0.07 [-0.66, 0.80]
Banodkar et al.> 2015 I - i 8.72% 0.02[-2.14,2.18]
Lietal® 2015 b E | 6.32% -0.63[-3.16, 1.90]
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Figure 4. Funnel plot of accuracy of CBCT for assessing intrabony defects
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Table 1. Excluded publications and reason for exclusion.

Study Reason for exclusion
Zhu et al,** 2017 E3
Jie et al,**2016 E1
Darby et al.,** 2015 E1
Allen et al.*¢ 2014 El
Braun et al.,*” 2014 E3
Vasconselos et al.*® 2014 E3
Songa et al,*® 2014 E3
Fleiner et al.,*° 2013 E3
Laky et al,' 2013 E1
Umetsubo et al? 2012 E3
El-Zoheiry et a2 2011 E1
Zhong et al,** 2010 E4
Walter et al.,*s 2009 El
Noujeim et al.,%¢ 2009 E3
Mol et al,5? 2008 E3
Vandenberghe et al,*® 2007 E3
Mengel et al.*® 2005 E2

E1, no Gold Standard; E2, animal studies; E3, no comparison data of CBCT and Gold Standard; E4, not published in English

Table 2. Summary of included studies.

Authors, year,
aim of the study

Study design and
sample size

CBCT parameters

Outcome parameters

Results (Accuracy)

Misch et al,3* 2006
To compare linear
measurements of
periodontal defects
using CBCT to tra-
ditional methods.
Vandenberghe
etal,® 2008 To
explore the diag-
nostic value of CBCT
in the determination
of periodontal bone
loss, including the 3D
topography of in-
frabony defects.

Takeshita et al,'®

2008 To evaluate
the diagnostic ac-
curacy of conven-
tional periapical
radiography taken
with film holders
Rinn and Han-Shin,
digital periapical

Human, ex vivo study,
using two dry human
skulls and mandibles
with 21 artificially made
periodontal defects.

Human, ex vivo study,
using one dry human
skull and one human
cadaver head with 71
periodontal defects.

Human, ex vivo study,
using 70 teeth from
macerated human
mandibles.

ISSN Online 0719-2479 - www.joralres.com © 2019

CBCT system: [-CAT
Tube voltage: 120KVp
Filament current: 47.74mAs
Acquisition time : 20 s
Voxel size: Unstated

CBCT system: |-CAT
Tube voltage: 120KVp
Filament current: 23.87mAs
Acquisition time : 20 s
Voxel size: 0.4mm

CBCT system: |-CAT
Tube voltage: Unstated
Filament current: 36.2mAs

Acquisition time : Unstated

Voxel size: 0.125mm

Visualization of measure-
ment of buccal, lingual,
and interproximal intra-
bony defects.

Four categories of image
quality for assessing la-
mina dura delineation,
contrast, and bone quality
lity (lack of visibility, poor
visibility, medium visibility,
good visibility), linear bone
measurements, intrabony
craters, and furcation de-
fects detection.
Measurement of alveolar
bone loss

The mean CBCT measure-
ment error was: 0.41+1.19
mm for the height and
140.67mm for the width
and both were not statis-
tically significant.

The average absolute CBCT
measurement error of
infra-bony defects for
panoramic reconstructed
view was 047mm while
for cross-sectional images
it was 0.29mm.

The measurement error
was not mentioned in
this article; manual calcu-
lation was done resulted
mean measurement error
of -0.08mm
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radiography with
complementary
metal-oxide semi-
conductor sensor
(CMOS), panoramic
radiography, and
CBCT in the mea-
surement of alve-
olar bone loss
Grimard et al.,?®
2009 To compare
the measurements
from digital intra-
oral radiographs
and CBVT images
to direct surgical
measurements for
the evaluation of
regenerative treat-
ment outcomes.
Walter et al.,?”
2010To assess the
accuracy of cone
beam computed
tomography (CBCT)
in detecting furca-
tion involvement in
maxillary molars.

Human, in vivo studly,
randomized, controlled
clinical trial of 29 patie-
nts with 35 periodon-
tal defects

Human, in vivo study,
comprised of 14 patie-
nts with 75 furcation
entrances

Human, in vivo study,
comprised of 7 patie-
nts with 28 sites of in-
frabony periodontal
defects.

Raichur et al., 38
2012 To compare
the linear measu-
rements of radiovi-
siography and di-
gital volume tomo-
graphy (DVT) to
direct surgical mea-
surements in the
detection of perio-
dontal infrabony
defects.

Pahwa et al.,?°
2014 To compare
the diagnostic va-
lues of radiovisio-
graph and compu-
ted tomography
images in compa-
rison with direct
surgical measure-
ments for the de-
termination of pe-
riodontal bone loss
Qiaoet al.,?¢ 2014 Human, in vivo study,
To investigate the  comprised of 15 pa-

Human, in vivo study,
comprised of 15 pa-
tients with 31 sites of
vertical defects

534

CBCT system:

3DX Accuitomo

Tube voltage: unstated
Filament current: unstated
Acquisition time : 18 s
Voxel size: unstated

CBCT system:

3D Accuitomo 60

Tube voltage: 74-90kV
Filament current: 5-8mA

Acquisition time : unstated

Voxel size: 0.08-0.25mm

CBCT system:

KODAK 9000C 3D

Tube voltage: 70-74kV
Filament current: T0mA
Acquisition time : 10.8 s
Voxel size: Unstated

CBCT system: Unstated
Tube voltage: 120kV
Filament current: Unstated
Acquisition time: 1.5's
Voxel size: Unstated

CBCT system:
3D Accuitomo 60

Bone defect fill and bone  The mean errors of CBVT

defect resolution

Furcation defects
(Class I, Il and 1)

CEJ-AC and CEJ-BD
measurement

Linear measurements of
(1) Alveolar bone level
distance from CEJ-BD
(2) distance from CEJ-AC
and (3) infrabony compo-
nent was measured by
subtracting (CEJ-AC) from
(CEJ-BD).

The degree of furcation
involvement, horizontal

measurements: For CEJ-AC
initially, it was -0.14£1.2mm
while for re-entry 0.01+£0.7
mm. For initial CEJ-BD, it
was -0.9 + 0.8mm and for
re-entry, it was -0.5+1.1mm

The measurement error
was not mentioned in
this article; they only
reported of the agreement
between CBCT and intra
surgical findings. 84%
CBCT findings were -
firmed by the intra sur-
gical findings, 14.7% were
underestimated, and 1.3%
overestimated compared
with intra-surgical fibdings.
The measurement error
was not mentioned in
this article; manual calcu
lation was done resulted
mean SD measurement
error for CEJ-AC=10.16
and CEJ-BD =0.06

The mean CBCT measure
ment error was 0.07+0.14
mm.

The measurement error
was not mentioned in
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accuracy of dental
CBCT in assessing
Fl'in maxillary mo-
lars.

Banodkar et al.,?°
2015.To evaluate
the accuracy of
CBCT measure-
ments of alveolar
bone defects.

Lietal,? 2015

To explore the re-
lationship between
CBCT measure-
ment and direct
measurements
during the surgery
to correct intrabo-
ny defects.
Pajnigara
etal,?®2016 To
evaluate the dimen-
sions of furcation
defects clinically
(pre- and post-sur-
gery), intrasurgically,
and by CBCT (pre-
and post-surgery).

tients with 57 of fur-
cation defects

Human, in vivo study,
comprised of 15 pa-
tients with 100 of pe-
riodontal bone defects.

Human, in vivo study,
comprised of 44 pati-
ents with 44 intrabony
defects.

Human, in vivo study,
comprised of 40 patie-
nts with 200 grade |l
furcation defects.

Tube voltage: 74-90kV
Filament current: 5-8 mA
Acquisition time : Unstated
Voxel size: 0.125 x 0.125 x
0.125mm

CBCT system:
Planmeca Promax 3D
Tube voltage: 90kV
Filament current: 10 mA
Acquisition time : 13s
Voxel size: 400 um

CBCT system:

New tom VG

Tube voltage: 110kV
Filament current:
12-17 mA
Acquisition time :
Unstated

Voxel size: Unstated

KODAK 9000C 3D and
KODAK 9000C, Carestream
Health. Parameter setting
was not mentioned

and vertical bone loss.

Measurement of hori-
zontal and vertical bone
defects

Parameters of intrabony
defects including CEJ-BD
level, depth of the defect,
mesiodistal and bucco-
lingual width of defect

Vertical and horizontal co-
mponent measurements
of pre- and post-surgery
clinical, intrasurgery and
pre-and post-surgery CBCT

this article; manual calcu-
lation was done resulted
mean measurement error
0.37mm for horizontal
bone loss and 0.36mm
for vertical bone loss.
The measurement error
was not mentioned in
this article; manual calcu-
lation was done resulted
mean measurement error
-0.02mm for horizontal
bone loss and 0.02mm

or vertical bone loss

The mean CBCT measu
rement error :
CEJ-BD=0.76 + 1.40mm
Depth of defect =

063 £1.67mm
Mesiodistal width of
defect =-0.17£0.67mm
Buccolingual width

of defect =-0.16 £ 0.65mm

The measurement error
was not mentioned in this
article; manual calculation
was done resulted mean
measurement error -0.2mm
for horizontal bone loss and
-0.34mm for vertical bone
loss

CBCT: Cone beam computed tomography. CBVT: Cone beam volumetric tomography. CEJ-AC: Cemento-enamel junction to the alveolar crest.
CEJ-BD: Cemento-enamel junction to base of the defect. SD: standard deviation; GS, gold standard. 3D: Three-dimensional.

Table 3. Risk of bias and applicability concerns summary: review authors’
judgements about each domain for each included study.

Study Risk of Bias Applicability Concerns

Patient Index Reference Flow and Patient Index Reference

Selection Test Standard Timing Selection Test Standard
Misch et al. 342006 = + + = = + +
Vandenberghe et al.** 2008 = + + = = + +
Takeshita et al,’® 2014 - ? - - - ? ?
Grimard et al.,* 2009 ? + ? + + + +
Walter et al.,?” 2010 ? + + + + + +
Raichur et al, 262012 - - ? + ? ? ?
Pahwa et al.,?° 2014 ? ? + + ? + +
Qiao et al. 262014 + + + + + + +
Lietal,?” 2015 + + + + + + +
Banodkar et al,° 2015 ? + ? + ? + +
Pajnigara et al.?* 2016 1= ? ? S & 1= 1

+: low risk. -:high risk. ?: unclear risk.
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DISCUSSION.

In this study, CBCT was found to have relatively high
accuracy as compared with the clinical intrasurgical
measurement for assessing intrabony defects, with the
mean CBCT measurements error of 0.03mm. Although
the pooled effect of accuracy showed an underestimation
of the CBCT measurement from the intrasurgical
measurement, the differences are not statistically signi-
ficant. Furthermore, CBCT generated data added some
information that cannot be currently obtained from
clinical examinations.'” The current study identified"
studies that compared the measurement between CBCT
and the clinical intrasurgical measurement or artificial
osseous defect.'?20-25-27:34-39

In this systematic review, both in vitro and clinical
studies were included. There were noticeable differences
in the clinical intrasurgical measurement (artificial
defects versus intrasurgical measurement), the technical
parameters used (voxel sizes of the scans, the type of
CBCT machine, and type of CBCT images), and
qualifications and the numbers of the observers who
interpreted the data. It must be borne in mind that
the lack of standardisation in determining the field-of-
volume would significantly affect the measurement in
CBCT.

These evidences were scarcely documented in the
majority of primary studies. Hence, it was important
to ensure that all included studies provided complete
information on the mean and standard deviation values
of the measurement error in producing these results as
well as establishing strong evidence.

In addition, only clinical studies with intrabony
defects’®” were included in the meta-analysis (n=4).
In fact, it was inappropriate to perform a meta-analysis
for both in vitro and clinical studies in this study due to
the scarcity of articles discussing the research question.
Furthermore, a small number of clinical studies assessing
the furcation defects to be included in meta-analysis
have a validation gap within this niche.

In periodontal management, accurate methods
are extremely important to adequately diagnose
the anatomy of intrabony and furcation defects in
order to optimise treatment planning and to enable a

more objective evaluation of the outcomes following
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periodontal surgery.*

In all primary studies, the quantification of mea-
surements was based on the difference between CBCT
(CBCT-intrasurgical

measurement). Therefore, the CBCT is considered to

and intrasurgical measurements

underestimate when the value was negative and overestimate
when it was positive. Nevertheless, there are a number of
factors to consider when interpreting these results.

The accuracy of measurement distances on patients
may be affected by a reduction in image quality due to
soft tissue attenuation, restoration metallic artefacts,
and patient movement. In this study, the standardised
mean difference between CBCT and intrasurgical
was 0.03mm. Therefore, based on this finding, it
is suggested that the CBCT parameter used in the
included studies is reasonable to obtain good accuracy
in the measurement of periodontal defects. Accordingly,
this finding is supported by a more recent review paper
which summarised that CBCT provides high-resolution
images in assessing the intrabony defects in three
dimensions compared to conventional radiography and
thus provides a better treatment outcome.*’

However, it was noted that the field-of-view (FOV) was
not explicitly mentioned in all four of primary studies.
This is particularly important to prevent unnecessary
radiation exposure imposed on patients should the FOV
be set at moderate-to-large (diameter >16cm). As such, it
is recommended for all researchers to provide the chosen
FOV size in their reports as good practice. Also, the use
of a small FOV may improve the spatial resolution of
CBCT in certain brand devices.*!

Notably, all clinical studies were found to use the
periodontal probe as a tool for clinical intrasurgical
measurement except for the study by Banodkar ez a/.,%
who employed an endodontic reamer and digital Vernier
calliper for taking this measurement. Compared to the
periodontal probe, this novel approach was found to be
more accurate in obtaining clinical measurements with
an accuracy of up to 0.2mm.

This accuracy is comparable to the accuracy of CBCT
measurements. Consequently, the periodontal probe
had an accuracy of Imm for measurement and thus
the discrepancy between CBCT-based data and clinical

intrasurgical measurement data may exist. For example,
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probing measurements could only be made to the nearest
0.5mm in one study, whereas CBCT measurements were
able to be made to the nearest 0.0lmm.*¢

Carrying out meta-analysis based on data com-
bination from linear measurements and/or percentage
agreement is known to be quite challenging given
the lack of complete and detailed clinical data on the
deviation of the CBCT measurement from clinical
intrasurgical measurement in the literature. Hence, due
to this limitation, the current study could only perform
a meta-analysis of the linear measurements of intrabony
defects in clinical studies.

Implications for practice

This review demonstrated that the reporting criteria
utilised for CBCT analysis needed to be carefully
selected. Furthermore, for dental centres considering
including CBCT as part of the management of
periodontitis, consideration should be given to the
following aspects: It is important to describe the CBCT
imaging protocol used, the reporting expertise expected,
and the imaging interpretation model utilized following
the acquisition of the CBCT to ensure that the test is as
robust as possible.

The result of this study can potentially be used to
develop a new protocol or guideline for the indication
of CBCT in the management of deep intrabony and
furcation defects. Also, one study showed that by using
CBCT, treatment costs and time can be reduced, but
this is only justified when more invasive treatment
choices such as periodontal surgery are planned.*

Thus, employing this radiographic tool for treatment
planning in selected cases may avoid redundant surgical
interventions and usage of CBCT.

Implications for research

There is a clear need for good quality, larger scale

prospective studies of CBCT in patients with clinical

REFERENCES.

1. Graziani F, Karapetsa D, Alonso B, Herrera D. Nonsurgical
and surgical treatment of periodontitis: how many options for one
disease? Periodontol 2000. 2017.

2. Frencken JE, Sharma P, Stenhouse L, Green D, Laverty
D, Dietrich T. Global epidemiology of dental caries and severe
periodontitis — a comprehensive review. J Clin Periodontol. 2017.
3. Listgarten MA. Periodontal probing: What does it mean? J
Clin Periodontol. 1980.

ISSN Online 0719-2479 - www.joralres.com © 2019

J Oral Res 8(6):527-539.. D0i:10.17126/joralres.2019.077

testing in confirming periodontitis. Considering the
knowledge gaps identified in this review, future research
efforts should be directed primarily towards randomised
controlled trial design to increase the quality of the study.

These

to provide the scientific community with critical

methodological additions are expected
information to gain better insight and understanding
of the use of CBCT in the field of periodontology.
Accordingly, this will be of great value to develop cost-

effective and predictable clinical protocols in the future.

CONCLUSION.

Presently, clinical research is limited regarding the
quantitative linear measurement of periodontal intrabony
and furcation defects by CBCT. In the present study,
CBCT and clinical intrasurgical measurement assessment
of intrabony and furcation defects were found to be in
substantial agreement.

Therefore, based on the descriptive and quantitative
summaries of the overall results, it can be concluded
that CBCT is highly accurate and reproducible in linear
measurements for assessing intrabony defects with the
weighted standardised mean difference by 0.03mm.
However, it should be noted that meta-analyses of a small
number of studies do not always predict the outcome of a

more significant number of studies.

Conflict of interests: The authors declare no conflict
of interest of any kind.

Ethics approval: None required

Funding: Self-funded

Author’s contribution: All authors have worked on
this manuscript.

Acknowledgements: The authors would like to thank
the Faculty of Dentistry, Universiti Teknologi MARA
for support during the data analysis of this study.

4. Highfield J. Diagnosis and classification of periodontal
disease. Aust Dent J. 20009.

5. Corraini P, Baelum V, Lopez R. Reliability of direct
and indirect clinical attachment level measurements. J Clin
Periodontol. 2013.

6. Clerehugh V, Abdeia R, Hull PS. The effect of subgingival
calculus on the validity of clinical probing measurements. J
Dent. 1996.

537



Yusof NAM, Erni Noor E & Yusof MYPM.

The accuracy of linear measu-rements in cone beam computed tomo-graphy for assessing intrabony and furcation defects: A systematic review and meta-analysis.

7. Garnick JJ, Silverstein L. Periodontal Probing: Probe Tip
Diameter. J Periodontol. 2000.

8. Renatus A, Trentzsch L, Schonfelder A, Schwarzenberger F,
Jentsch H. Evaluation of an electronic periodontal probe versus a
manual probe. J Clin Diagnostic Res. 2016.

9. Korostoff J, Aratsu A, Kasten B, Mupparapu M. Radiologic
Assessment of the Periodontal Patient. Dent Clin North Am. 2016.
10. Jeffcoat MK, Wang I -Chung, Reddy MS. Radiographic
diagnosis in periodontics. Periodontol 2000. 1995.

11. Tugnait A, Clerehugh V, Hirschmann PN. The usefulness of
radiographs in diagnosis and management of periodontal diseases:
A review. ] Dent. 2000.

12. Scarfe WC, Azevedo B, Pinheiro LR, Priaminiarti M,
Sales MAO. The emerging role of maxillofacial radiology in the
diagnosis and management of patients with complex periodontitis.
Periodontol 2000. 2017.

13. Hausmann E, Allen K, Carpio L, Christersson L a, Clerchugh
V. Computerized methodology for detection of alveolar crestal
bone loss from serial intraoral radiographs. J Periodontol. 1992.
14. Corbet E, Ho D, Lai S. Radiographs in periodontal disease
diagnosis and management. Aust Dent J. 2009.

15. Mol A. Imaging methods in periodontology. Periodontol
2000. 2004.

16. Acar B, Kamburoglu K. Use of cone beam computed
tomography in periodontology. World J Radiol. 2014.

17. Aljehani YA. Diagnostic applications of cone-beam CT for
periodontal diseases. Int J Dent. 2014.

18. Sedentexct. Radiation Protection 172: Cone Beam CT for
Dental and Maxillofacial Radiology - Evidence-based Guidelines.
Off Off Publ Eur Communities. 2012.

19. Takeshita W, Vessoni Iwaki L, Da Silva M, Tonin R.
Evaluation of diagnostic accuracy of conventional and digital
periapical radiography, panoramic radiography, and cone-beam
computed tomography in the assessment of alveolar bone loss.
Contemp Clin Dent. 2014.

20. Pahwa P, Lamba A, Grewal H, Faraz F, Tandon S, Yadav N.
Evaluation of two-dimensional and three-dimensional radiography
with direct surgical assessment of periodontal osseous defects: A
clinical Study. Indian J Dent Res. 2014.

21. Cimbaljevic MM, Spin-Neto RR, Miletic VJ, Jankovic
SM, Aleksic ZM, Nikolic-Jakoba NS. Clinical and CBCT-
based diagnosis of furcation involvement in patients with severe
periodontitis. Quintessence Int. 2015.

22. Walter C, Schmidt JC, Dula K, Sculean A. Cone beam
computed tomography (CBCT) for diagnosis and treatment
planning in periodontology: A systematic review. Quintessence
Int. 2016.

23. Anter E, Zayet MK, El-Dessouky SH. Accuracy and precision
of cone beam computed tomography in periodontal defects
measurement (systematic review). J Indian Soc Periodontol. 2016.
24. Nikolic-Jakoba N, Spin-Neto R, Wenzel A. Cone-Beam
Computed Tomography for Detection of Intrabony and Furcation
Defects: A Systematic Review Based on a Hierarchical Model for
Diagnostic Efficacy. J Periodontol. 2016.

25. Pajnigara N, Kolte A, Kolte R, Pajnigara N, Lathiya V.
Diagnostic accuracy of cone beam computed tomography in
identification and postoperative evaluation of furcation defects. J
Indian Soc Periodontol. 2016.

26. Qiao J, Wang S, Duan J, Zhang Y, Qiu Y, Sun C, Liu D.The
accuracy of cone-beam computed tomography in assessing
maxillary molar furcation involvement. J Clin Periodontol. 2014.

538

J Oral Res 8(6):527-539.. D0i:10.17126/joralres.2019.077

27. Walter C, Weiger R, Zitzmann NU. Accuracy of three-
dimensional imaging in assessing maxillary molar furcation
involvement. J Clin Periodontol. 2010. doi:10.1111/j.1600-
051X.2010.01556.x

28. Claffey N, Loos B, Gantes B, Martin M, Heins P, Egelberg
J. The relative effects of therapy and periodontal disease on loss
of probing attachment after root debridement. J Clin Periodontol.
1988.

29. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Getzsche
PC, loannidis JP, Clarke M, Devereaux PJ, Kleijnen J, Moher
D. The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. PLoS Med. 2009.

30. SA M. Enhancing your practice through evidence-based
decision making: PICO, learning how to ask good questions. J
Evid based Dent Pract. 2001.

31. Whiting PF, Rutjes AWS, Westwood ME, et al. QUADAS-2:
a revised tool for the quality assessment of diagnostic accuracy
studies. Ann Intern Med. 2011.

32. Whiting P, Rutjes AWS, Reitsma JB, Bossuyt PMM, Kleijnen
J. The development of QUADAS: a tool for the quality assessment
of studies of diagnostic accuracy included in systematic reviews.
BMC Med Res Methodol. 2003.

33. Viechtbauer W. Conducting Meta-Analyses in R with the
metafor Package. J Stat Softw. 2010.

34. Misch KA, Yi ES, Sarment DP. Accuracy of Cone Beam
Computed Tomography for Periodontal Defect Measurements. J
Periodontol. 2006.

35. Vandenberghe B, Jacobs R, Yang J. Detection of periodontal
bone loss using digital intraoral and cone beam computed
tomography images: An in vitro assessment of bony and/or
infrabony defects. Dentomaxillofacial Radiol. 2008.

36. Raichur PS, Setty SB, Thakur SL, Naikmasur VG.
Comparison of radiovisiography and digital volume tomography
to direct surgical measurements in the detection of infrabony
defects. J Clin Exp Dent. 2012.

37. LiF, Jia PY, Ouyang XY. Comparison of Measurements on
Cone Beam Computed Tomography for Periodontal Intrabony
Defect with Intra-surgical Measurements. Chin J Dent Res. 2015.
38. Grimard BA, Hoidal MJ, Mills MP, Mellonig JT, Nummikoski
PV, Mealey BL. Comparison of Clinical, Periapical Radiograph,
and Cone-Beam Volume Tomography Measurement Techniques
for Assessing Bone Level Changes Following Regenerative
Periodontal Therapy. J Periodontol. 2009.

39. Banodkar AB, Gaikwad RP, Gunjikar TU, Lobo TA.
Evaluation of accuracy of cone beam computed tomography for
measurement of periodontal defects: A clinical study. J Indian Soc
Periodontol. 2015.

40. C CPPNHDR. Cone-beam computed tomography: Three-
dimensional imaging in periodontal diagnosis. J Indian Acad Dent
Spec Res. 2017:4(1):12.

41. Dillenseger JP, Gros CI, Sayeh A, et al. Image quality
evaluation of small FOV and large FOV CBCT devices for oral
and maxillofacial radiology. Dentomaxillofacial Radiol. 2016.

42. Walter C, Weiger R, Dietrich T, Lang NP, Zitzmann NU. Does
three-dimensional imaging offer a financial benefit for treating
maxillary molars with furcation involvement? - A pilot clinical
case series. Clin Oral Implants Res. 2012.

43. Zhu J; Ouyang XY. Observation of bone morphology in
furcation defects of mandibular molars using cone beam computed
tomography. J Peking Univ Heal Sci. 2017;49(1):67.

ISSN Online 0719-2479 - www.joralres.com © 2019



Yusof NAM, Erni Noor E & Yusof MYPM.

The accuracy of linear measu-rements in cone beam computed tomo-graphy for assessing intrabony and furcation defects: A systematic review and meta-analysis.

44. Jie Z; Ouyang XY. Assessing Maxillary Molar Furcation
Involvement by Cone Beam Computed Tomography. Chin J Dent
Res. 2016;19(3):145-151.

45. Darby I, Sanelli M, Shan S, et al. Comparison of clinical and
cone beam computed tomography measurements to diagnose
furcation involvement. Int J Dent Hyg. 2015.

46. Allen J. Evaluation of Maxillary Molar Furcations, Clinical
Measurements versus Cone Beam Computed Tomography. 2014.
47. Braun X, Ritter L, Jervee-Storm PM, Frentzen M. Diagnostic
accuracy of CBCT for periodontal lesions. Clin Oral Investig.
2014.

48. De Faria Vasconcelos K, Evangelista KM, Rodrigues CD,
Estrela C, De Sousa TO, Silva MAG. Detection of periodontal
bone loss using cone beam CT and intraoral radiography.
Dentomaxillofacial Radiol. 2012.

49. Songa VM, Jampani ND, Babu V, Buggapati L, Mittapally S.
Accuracy of cone beam computed tomography in diagnosis and
treatment planning of periodontal bone defects: a case report. J
Clin Diagn Res. 2014.

50. Fleiner J, Hannig C, Schulze D, Stricker A, Jacobs R. Digital
method for quantification of circumferential periodontal bone
level using cone beam CT. Clin Oral Investig. 2013.

51. Laky M, Majdalani S, Kapferer I, et al. Periodontal Probing
of Dental Furcations Compared With Diagnosis by Low-Dose
Computed Tomography: A Case Series. J Periodontol. 2013.

52. Umetsubo OS, Gaia BF, Costa FF, Cavalcanti MGP. Detection
of simulated incipient furcation involvement by CBCT: an in vitro

ISSN Online 0719-2479 - www.joralres.com © 2019

J Oral Res 8(6):527-539.. D0i:10.17126/joralres.2019.077

study using pig mandibles. Braz Oral Res. 2012.

53. el Zoheiry; Hany Salah; Abou-Khalaf Ashraf; Farid; Mary
Medhat. Assessment of periodontal defects using cone beam
computed tomography: an in-vitro study. Egypt J Oral Maxillofac
Surg. 2011;2(1):27-33.

54. Zhong J, Ou-Yang X, Liu D, Cao C. [Evaluation of the in vitro
quantitative measurement of II degree furcation involvements in
mandibular molars by cone-beam computed tomography]. Beijing
Da Xue Xue Bao. 2010.

55. Walter C, Kaner D, Berndt DC, Weiger R, Zitzmann NU.
Three-dimensional imaging as a pre-operative tool in decision
making for furcation surgery. J Clin Periodontol. 2009. 56.
Noujeim M, Prihoda TJ, Langlais R, Nummikoski P. Evaluation of
high-resolution cone beam computed tomography in the detection
of simulated interradicular bone lesions. Dentomaxillofacial
Radiol. 2009.

57. Mol A, Balasundaram A. In vitro cone beam computed
tomography imaging of periodontal bone. Dentomaxillofac
Radiol. 2008.

58. Vandenberghe B, Jacobs R, Yang J. Diagnostic validity
(or acuity) of 2D CCD versus 3D CBCT-images for assessing
periodontal breakdown. Oral Surgery, Oral Med Oral Pathol Oral
Radiol Endodontology. 2007.

59. Mengel R, Candir M, Shiratori K, Flores-de-Jacoby L. Digital
volume tomography in the diagnosis of periodontal defects: an in
vitro study on native pig and human mandibles. J Periodontol.
2005.

539



