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Abstract:

Introduction:Chronic periodontitis affects the periodontium of adult population.The
assessment of bone loss in chronic periodontitis requires comprehensive clinical
and radiographic examinations. Bitewing radiographs can provide vital information
about the amount of alveolar bone loss.However, drawbacks of 2D imaging like
superimposition and distortion can hamper diagnosis. Cone Beam Computed
Tomography (CBCT) has improved the diagnosis of various conditions in the
maxillofacial region with its superior diagnostic ability. Aim: The aim of our study
was to compare the accuracy, reliability, and diagnostic abilities of standard
resolution CBCT and intra-oral Digital Bitewings in the assessment of periodontal
defects compared to physical measures. Materials and methods: Different patterns
and sizes were created on eight dry human skulls simulating periodontal defects.
The created defects were scanned with standard resolution CBCT and intraoral
digital bitewing to compare reliability, diagnostic accuracy, and detectability of
both protocols. Results:Standard resolution CBCT and digital intraoral bitewing
showed statistically higher values compared to the physical measurements
regarding smaller-sized intra-bony defects (1-2 mm) and a non-significant
difference in larger-sized defects (3-4 mm), when compared to the gold standard
(p<0.05). Additionally, bitewings were unable to detect dehiscence and
fenestration.Conclusion: When investigating large interproximal defects, standard
resolution CBCT and bitewing radiographs can show similar results in terms of
accuracy and detectability. When surface defects are expected, CBCT is
recommended as the diagnostic modality of choice. Nevertheless, CBCT should not
be the primary imaging technique of choice for periodontal evaluation.
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Introduction

Periodontitis is a multifactorial, microbially associated, host-mediated chronic
inflammatory disease characterized by progressive destruction of the periodontal attachment
apparatus. Loss of periodontal tissue support is the primary feature of periodontitis, which is
observed by circumferential clinicalassessment of fully erupted teeth using a standardized
periodontal probe with reference to the cemento-enamel junction (Raindi 2015, Lopez et al.,

2016 and Jack et al., 2018).

Progression of periodontitis can lead toalveolar bone loss, which may be present in the
form ofintra-bony defects like infra-bony pocket, which is a deepening of the gingival sulcus
where the base of the pocket is at lower level than that of the alveolar bone(Weinberg et al., 2000
and Trombelli et al., 2018), and supra-bony defects like dehiscence, which is a V-shaped
superficial defect which occurs at the crestal margin of the alveolar bone and pointing towards
the tooth apex( Leung et al., 2010)and fenestration, which is a circumferential, nearly rounded
area at the tooth apical one third where the root has completely lost its alveolar bone coverage

and is covered with periosteum(Nimigean et al., 2009 and Wong 2021).

Alveolar bone lossin periodontitisand the subsequent formation of different alveolar bone
defects(Zhang et al., 2021), can go undiagnosed in routine clinical examination. The use of
adjuvant diagnostic methods, like x-rays, can greatly contribute to the assessment of periodontal

status(Eke et Al., 2000 and Huang 2020).

Radiographic imaging methods used for clinical evaluation and treatment are crucial for
diagnosis and prognosis of periodontal disease.Intraoral bitewing and Cone Beam Computed

Tomography (CBCT) imaging x-rays are two different types of radiographic examinations that
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can be used for the detection of periodontal problems. CBCT imaging provides three-
dimensional(3D) multi-planner images in three orthogonal planes (sagittal, coronal and axial)for
the teeth and surrounding structures, free from superimposition and distortion, while intraoral
bitewing x-rays provide two-dimensional (2D) images of mainly interproximal alveolar

bone(Asiri et al., 2020 and Khanna 2020).

Intraoral bitewing x-rays are still considered the standard of care for most cases of
periodontal disease, especially when expecting the presence of infra-bonyperiodontal
pockets,while CBCT imaging may be indicated for more complex or advanced cases that require
more detailed information(Sousa et al., 2020).However, theparticular use of each modality in
different clinical situations and the guidelines for modalities selectionare still
questionable.Therefore, the aim of this study was to compare the reliability, accuracy, and
detectability of standard resolution CBCT and intraoral bitewing radiographs inthe detection of

different periodontal defects.

Materials and Methods

Study setting:

The present research was conducted at Oral and Maxillo-facial Radiology Department,
Faculty of Dentistry, Suez Canal University, on eight dry human skulls of unknown age, sex or
ethnicity, on which periodontal defects were created resembling the infra-bony defect,
dehiscence and fenestration, and scanned with intraoral digital Bitewings and standard resolution
CBCT. Skulls were obtained from the Human Anatomy Department, Faculty of Medicine, Cairo

University.


https://evidencebasedendodontics.springeropen.com/articles/10.1186/s41121-020-00020-4
https://evidencebasedendodontics.springeropen.com/articles/10.1186/s41121-020-00020-4
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Sample size calculations:

The aim of this study was to compare the accuracy, reliability, and diagnostic abilities of
standard resolution CBCT and intra-oral Digital Bitewing imaging in the assessment of alveolar
bone loss compared to real physical measures. Accordingly, a minimum total sample size of
eight skulls was sufficient to detect an effect size of 0.46 and a power of 80% at a partial eta
square of 0.18. The sample size was calculated using G*power version 3.1.9.6 for Mac OS
(figure 1)(Cohen et al., 1988, Faul et al., 2007 and Faul et al., 2013).

critical F = 3.1599
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Figure 1. sample size calculations, power versus sample size and probability plot.
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Sample selection and creation of periodontal defects:

The present study was conducted on eight dry human skulls, of unknown age, sex, or
ethnicity. Skulls were included in the current study based on the following criteria:-fully or
partially dentated -with no metal fillings or appliances -no pre-existing periodontal defects or

conditions which may affect the integrity and shape of the alveolar bone.

On the eight skulls, a total number of 79 defects were created. The defects were
distributed 33in the maxillae and 46 in the mandibles and were created on the availablesound
alveolar bone of the jaws in each skull. Nine defects werecreated in the anterior area,20 defects
were created in the premolar area, while 50 were created in the molar area (either maxillary or

mandibular).

The defects were created using a low-speed handpiece and a micro-motor of 800 rpm
with round diamond burs of different sizes to make differentdefecttypes (infra-bony defects,

dehiscences and fenestrations) with different sizes (1,2,3 and 4mm).

The 79 defects were created resembling different common periodontal conditions as

follows:

- Intra Bony pocket (IBP) was created starting from the proximal surface of the tooth at the
crest of the alveolar bone proceeding in an apical direction within the body of alveolar bone
tangent to the root of the involved tooth creating a total number of 31 IBP(Leung et al.,
2010).

- Fenestration was created at the level of the apical part of the root using round diamond bur
at the center of the root on the facial alveolar bone (labial / buccal) and extending

circumferentially. Fenestrations were created only on the buccal and labial surfaces of the
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maxillae and mandibles of the dry skulls creating a total of 16 fenestration defects (Caton et
al., 1999).

- Dehiscence was created on the labial, buccal, lingual, and palatal surfaces of the maxillae
and the mandibles of the dry skulls creating a total number of 32 dehiscences. The
dehiscence was created starting from the alveolar crest and proceeding in an apical direction
but this time the defects were created in a superficial pattern where the inner wall of the
defect was the root of the involved tooth (Leung et al., 2010).

The dimensions of the created defects were measured twice with two weeks
intervalsusing a digital caliper of 0.1mm accuracy, the mean of the two readings was assigned as

the gold standard.

Ten layers of pink wax each of 1.5 thickness (Total thickness of 15mm) were then
applied to the facial surface of the skulls starting from the infraorbital rim to the lower border of
the mandible to simulate the thickness of soft tissues coverage in those areas, to mimic the
clinical exposure conditions and attenuation factors for the human head according to the

guidelines ofRichard et al., (2005).

Radiographic examination and assessment:

Intra-oral digital bitewing examination:skulls were subjected to digital intraoral bitewing

x-ray examination(Acteon X-Ray X-Mind Dc. focal spot 0.4, 60-70 kVp, 7mA, exposure
time0.6s) using a size 2 Photostimulable Phosphor (PSP) plate, anda bitewing XCP (Extension
Cone Parallel)film holder to scan the created defects in each jaw of the skulls. The measurements
for IBD were carried out using linear measurement tool in Digora software (DIGORA 2.5.
Soredex, Tuusula, Finland) on a personal computer, starting at the cemento-enamel junction of

the involved tooth tangent to the root surface till the deepest visible point of the created defect.
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CBCT examination; The skulls were scanned with standard resolution,withthe scanner set

at XL FOV (80x165-mm), 10 mA, 90 kV for a single scan of 360° rotation and total scan time of
2.4 sec, with voxel sizes of 0.4mm and total exposure of 856 mGycm®.The CBCT scanner used
in the present study wasScanora 3dx (Scanora 3D, Finland, Helsinki ™, KVp: 60-90, mA: 4-10,

scan time: 2.4-6, focal spot: 0.5. Detector: Flat panel a-Si. Voxel size: 0.4mm).

All the defects in each skull from the standard protocol CBCT scan were detected
radiographically,measured,and recorded. Detection of defects and measurement of their
dimensions was performed on a personal computer using On-Demand software using ruler tool
for linear measurements. For intra-bony defects, CBCT measurements were made on sagittal cuts
starting at the crest of the alveolar bone till the deepest point of the pocket (figure 2.a) while
bitewing measurements were carried out starting at the crest of the alveolar bone till the deepest
visible point of the pocket base (figure 2.b). For dehiscence, measurements were made on
volume rendered (VR) view between edges of the defect tangent to the apical root surface (figure

3.a). Fenestration measurements were also made on VR view to measure if the diameter of the

fully made circular defect was tangent to the apical root surface (figure 3.b).

Figure (2): Linear measurement for infra-bony defect(a). Standard resolution CBCT from On-Demand
software on sagittal view (b). Digital intraoral bitewing from Digora software.
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Figure (3): Linear measurement onvolume rendered windows fromOn-Demand software (a).Standard
resolution CBCT for dehiscence defect (b).Standard resolution CBCT from On-Demand software for
fenestration defects.
Measurements from standard resolution CBCT and intraoral bitewing scans as well as the

real physical measurements were made once and repeated two weeks later by the same observer

for intra-observer reliability assessment.

Statistical Analysis

In the present study, the radiographic measurements of created defects (infra-bony defect,
dehiscence and fenestration) obtained from standard CBCT resolutions and digital intraoral
bitewing radiographs were compared to the actual clinical measures obtained bythe digital
caliper. The collected numerical data was summarized using means and standard deviations. The

recorded data was then tabulated for statistical analysis.

In the current study, Cronbach's alpha and interclass coefficient (ICC) analysis were used
to measure internal  consistency between intra-observer records, to determine how

close they were related.
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To state whether the recorded data was significant or non-significant, an ANOVA test
was used. Since itallows a comparison of more than two groups at the same time to

determine whether a relationship exists between them or not.

In this study comparisons between linear actual measurements (gold standard) and
radiographic  measurements were made using  the independent Duncan’s Multiple Range
Test (DMRT). All p-values were two-sided (estimated values may be more than or less than the

reference value). P-values < 0.05 were considered significant.

Results

A total number of 79defects (infra-bony defect, dehiscence and fenestration) were created
in the alveolar processes of 8 human dry skulls. Real physical measures were obtained using a
digital caliper and considered the gold standard for thisstudy. Theskulls were then
radiographically scanned to obtain standard resolution CBCT (voxel size 0.4mm) and intraoral
bitewing radiographing images. The obtained measurements from both protocols were recorded

and assessed.

Reliability test performed for analysis ofboth readings of the one operatortwiceshowed
very close intra-observer agreement varying from 0.922 to 1.00 for all readings obtained for
thegold standard physical measurements, standard resolutionCBCTand digital bitewing scans

usingCronbach's alpha and interclass coefficient (ICC) analysis.

Table (1)presents the mean and standard deviation (SD) values and comparison between
the physical measures “gold standard” and standard resolution CBCT and bitewing images for
the infra-bony defects (IBDs) created with different sizes.For the infra-bony defects (IBD) size
Imm and 2mm measurements,the mean values ofboth standard resolution CBCT and intraoral

bitewings showed a statistically significant difference when compared to the mean value of the
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gold standard (p<0.05).0n the other hand, for the infra-bony defects (IBD) size3mm and 4mm,
the mean values of both, standard resolution CBCT and intraoral bitewings showed a statistically

non-significant difference when compared to the mean value of the gold standard (p>0.05).

Table 1: Comparison between gold standard, standard resolution CBCT and bitewing images

regarding the created 1BDs.

IBD

Defectsize  Gold standard  Standard resolution CBCT  Bitewing x-ray  p-value

imm 1.13+0.06° 1.33+0.25° 1.34+0.24° 0.007*
2mm 2.08 £0.14° 2.48+0.18° 2.41+0.19° <0.001**
3mm 3.23+0.24° 3.26 +0.23° 3.39+0.26° 0.432 ns
4mm 414+0.132 419+0.15°2 421+0.15°2 0.395 ns

"7 significant at p<0.05, 0.01, 0.001; ns: non-significant at p>0.05.Means followed by different
letters (%/°) in the same row (horizontally) are significantly different according to DMRTSs at 0.05
level.

In the present study, regarding dehiscence and fenestration defects, for their nature being
surface defects, dehiscence and fenestration were not detectable on intraoral bitewings,
consequently their results were not eligible for comparison in this study. However, the
dehiscence and fenestration data obtained from CBCT scans were compared to the direct

physical measurements of the digital caliper.

Table (2) presents the mean and standard deviation and results of the comparison
between the gold standard and the standard resolution CBCT for the created dehiscence defects,
while table (3) presents the mean and standard deviation and results of the comparison between

the gold and the standard resolution CBCT for the created fenestration defects.
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Regarding the dehiscence and fenestration small-sized defects (1 and 2mm), standard
resolution CBCT showed statistically significantlyhigher values when compared to the mean
value of the gold standard (p>0.05). While in medium and larger defects for both dehiscence and

fenestration (3 and 4mm), standard CBCT showed non-significant differences.

Table 2: Comparison between gold standard and standard resolution CBCT regarding the created

dehiscencedefects.

Dehiscence

Defect size Gold standard StandardresolutionCBCT p-value
1mm 1.19+0.11° 1.48+0.17° 0.005"
2mm 2.14+0.16°" 251+0.12° <0.001"
3mm 3.15+0.18° 3.2+0.12° >0.05 "
4mm 414 +0.14° 416+0.16° >0.05 "

", ™" significant at p<0.05, 0.01, 0.001; ns: non-significant at p>0.05. Means followed by
different letters (%) in the same row (horizontally) are significantly different according to
DMRTs at 0.05 level.



Page 9453 of 9460

Ahmed Aasy / Afr.J.Bio.Sc. 6(5) (2024). 9442-9460

Table 3: Comparison between gold standard and standard resolution CBCT regarding the created

fenestration defects of different sizes.

Fenestration defect

Defect size Gold standard Standard resolutionCBCT p-Value
1Imm 1.03+0.05° 1.48+0.16° >0.05
2mm 2.07 £0.08° 2.31+£0.13° >0.05
3mm 3.17+£0.14° 3.21+0.13° <0.05"™
4mm 4.04+0.12° 4.1 +0.14° <0.05"™

", " significant at p<0.05, 0.01, 0.001; ns: non-significant at p>0.05. Means followed by
different letters (%) in the same row (horizontally) are significantly different according to
DMRTs at 0.05 level.

Discussion

Periodontitis is a chronic host-mediated inflammatory disease characterized by
inflammation of the periodontiumwhich leads to alveolar bone loss and subsequent loss of teeth.
Early detection of periodontitis plays a great role forbetter treatment planning and post operative
prognosis. Careful diagnosis using adjuvant aids like intra, and extra oral radiographic imaging
can contribute to early detection and diagnosis of periodontitis. Intraoral digital bitewing images
have been for long considered the gold standard for early detection of inter proximal alveolar
bone loss in periodontitis.On the other hand, CBCT images provide high-quality three-
dimensionalimages for small structures, free from superimposition and distortion(Zhao 2015 et

al., and Zhang et al., 2020).

Therefore, the present study was performed to compare the accuracy, reliability and
diagnostic abilities of standard resolution CBCT and intra-oral Digital Bitewing imaging in the

assessment of alveolar bone loss compared to real physical measures.
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The study was conducted on eight dry human skulls, partially or fully dentated adult, with
no metallic filling or appliances, no existing conditions or abnormal anatomical variations in

alveolar bone, no crowdingto create periodontal defects with different sizes, sites and types.

In 2015 Zhao and his co-workers recommended that the skulls included in their study to
be of adults, to ensure that the alveolar process is fully developed and with enough mineral
content for convenient creation of the defects, proper examination, and optimum visualization on
intra oral radiographs and CBCT images, hence the skulls used in the current study were chosen

to be of adult's individuals.

The skulls included in the current study were with either partially or fully dentated jaws
and with intact alveolar anatomy, to have sufficient alveolar bone structure for defects creation
and simulation, since periodontitis occurs in about/around tooth structure. The integrity of the
teeth roots was a must in the selection criteria of the skulls in our study, for the fact that the
majority of the pathologic periodontal defect occur around the roots of the teeth since it is an
essential part of the tooth involved with the progression of periodontitis. In addition, to ensure

better contrast on radiographs and CBCT images.

Following the guidelines of Zhang and his teamin2020careful examination of the skulls
was performed to ensure that there was no present previous alveolarbone destruction,boney
prominences or abnormalities that would change the density of the alveolar bone and
subsequently affect the creation of the defects in a way that mimics their pathologically
occurring counterparts. Normal alignment of the teeth without crowding facilitates the creation
of the defects in the interproximal areas between the adjacent teeth and better detection of these

defects on the 2D bitewing radiographs for comparison with CBCT images.
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In the current study, dried skulls were selected without any metallic fillings, appliances,
or metallic prosthetic parts to avoid any possible effect on the accuracy of measurements from
CBCT images that may be the result due to metallic artifacts such as scatter and beam hardening.
This was in accordance with the guidelines ofScarfe and Angelopoulos(2018) who stated that,
the image data set can sometimes be utterly useless for diagnostic purposes when streak artifacts
that arise from metallic objects obscure anatomical structures in the affected slices. Interfering
with the clear visibility of structures in the vicinity of, or in between, metallic objects and hence

could affect the accuracy of the linear measurements.

In the current study, the guides ofKamburogluand his team (2018) were followedto avoid
the inaccuracies in the size and integrity of defect margins, in this study we used diamond round

burs to produce sharper margins for better measurement recording and reading.

Many methods have been used to clinically and radiographically assess alveolar bone
such as periodontal probes, manual and digital calipers, bitewing radiographs, periapical
paralleling radiographs, conventional CT and cone beam computerized tomography (CBCT)
(Scarfe and Angelopoulos 2018).Among such modalities, CBCT images show absence of
distortion and overlapping, and image dimensions comparable with the actual size of the scanned
objects. CBCT has been proven to show parallel accuracy when compared to direct measures
obtained from digital caliper (Kamburoglu et al., 2018 and Fokas et al., 2015). Therefore, CBCT
was chosen in the present study to be the imaging modality for the assessment and detection of

the periodontal defects in this study in comparison to digital bitewing radiographs.

Bitewing radiographs are routinely used for evaluation of interproximal alveolar bone
loss and pocket depth assessment in periodontitis.In the current study,bitewing x-rays were used

to compare the results with CBCT images, since it the most accurate type of intraoral
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radiographs in terms of detection and assessment of the initial interproximal periodontal defects,
as recommended by Cheng et al., 2016,Cetmiliet al., 2019and Sharma et al., 2019and his
team.For precise standardized intraoral imaging, in the current study bitewing radiographs were
taken using paralleling cone technique with the help of extension cone paralleling (XCP) device

(Chenget al., 2016).

Reliability analysis was performed for all measurements obtained in our study to assess
the accuracy of the readings obtained by the observer at different time intervals. The results for
intra-observer agreement in the current study showed firm agreement between the two
observations (varying from 0.922 to 1.00 for both readings) which indicated the high reliability

of the intra-observers records to be used for assessment.

Regarding the IBD, although there was a statistically significant difference between both
imaging modalities and the gold standard, CBCT showed superior accuracy in relation to the
gold standard for assessing the smaller lesions (1and 2mm). While for the medium and large
sized defects (3- 4mm) a statistically non-significant difference was recorded,and CBCT still
showed superior accuracy for assessment of the IBD compared to the intraoral digital bitewings.
However, with medium and large defects, the detectability of the defects was not of
paramountdifficulty between the two modalities. A finding which revealed that the detectability
and the accuracyof the created defects increased with increase in size of the defect inboth

protocols.

Another study conductedby Bagis et al., (2015) on 12 dry skulls with maxilla and
mandible to createartificial defects (dehiscence, tunnel, and fenestration) on anterior, premolar
and molar teeth separately using burs. In total, 14 dehiscences, 13 fenestrations, 8 tunnels and 16

periodontal defects were created. They used standard resolution CBCT and bitewing intraoral
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digital radiographs to scan the defects. They concluded that CBCT has the higher sensitivity and
diagnostic accuracy for detecting various periodontal defects between both radiographic

modalities used.

Song et al.,(2021)conducted a study on fifty-four mandible blocks with implants
harvested from nine male healthy adult beagle dogs and scanned them using intraoral
bitewingradiographs and CBCT, in comparison to micro-CT as the gold standard, to assess the
diagnostic accuracy of CBCT and intraoral radiographs in evaluation of peri-implant defects.
They concluded that the diagnostic accuracy and reliability of CBCT was superior to intraoral
bitewing radiographs for the detection, classification, and measurement of peri-implant bone
defects. Their results were not in line with the results of the current study except regarding the

small sized defects.

Another study was conducted by Almeida et al., (2017)who simulated interproximal
periodontal defectsusing perchloric acid on twenty dry pig mandibles creating a total number of
80 experimental sites. They scanned the created defects with CBCT and intraoral bitewing
radiographs and concluded that CBCT performance was not superior to that provided by
intraoral radiographs. The results of their study were partly in line with our studyfor the large
sized defects. The conflict in results can be explained on the basis of size of the created defects
in the study ofAlmeida and his team. Since largeinterproximal defectssizes >4mm are much

easier to be detected and assessed on intraoral films.

Regarding dehiscence and fenestration, only CBCT images were capableof detectingand
evaluatingthese defects. This result was in line with that ofVasconcelosand his
colleagues(2012)who compared periapical radiographs and standard resolution CBCT for the

detection of dehiscence and fenestration. They concluded that CBCT was the only method that
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allowed for an analysis of the defects occurring on the buccal and lingual/palatal surfaces

(dehiscence and fenestration) with an improved visualization of the morphology of these defects.

Conclusion

When investigating large interproximal infra-bony defects, standard resolution CBCT and
intraoral bitewing radiographs can show similar results in terms of detectability, accuracy and
assessment. When surface defects are expected, CBCT imaging should be the modality of
choice. However, due to its high radiation dose, CBCT should notbe used as the first modality
for periodontal evaluation.Whenperforming clinicalperiodontal examination andexpecting the
presence of surface defects like dehiscence and fenestration, CBCT should be the modality of
choice for proper diagnosis, given that the surface defects cannot be detected using 2D

modalities.
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