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Abstract

Purpose of Review Cone-beam computed tomography (CBCT) imaging has become a significant imaging modality in periodon-
tology, and its applications to dentoalveolar disease and conditions are frequently updated. This review highlighted some of the
current evidence of the use of CBCT scans for imaging the most common conditions related to periodontal diseases.

Recent Findings CBCT imaging should not be the first choice for the routine assessment of vertical or horizontal bone loss, and
its use should be preferable for cases where clinical information and conventional 2D images are insufficient or unclear for
diagnosis and treatment decision. On the other hand, the use of CBCT appears to be prudent for an accurate diagnosis of furcation
defects in patients with advanced periodontal disease, and in cases where dehiscence and fenestration are suspected. Should
volumetric evaluation of those periodontal bone defects be required, it is important to use small voxel sizes for a more accurate
measurement.

Summary CBCT exams provide little additional benefit in the decision-making and disease managing in most cases of peri-
odontal disease, being advocated only on patient-specific situations involving more complex conditions such as alveolar defects
with intricate morphology, dehiscence, and fenestration.

Keywords Cone-beam computed tomography - Periodontal disease - Periodontal bone loss - Furcation defects - Dehiscence -
Fenestration

Introduction mediators are then responsible for the injury of supporting

tissues (i.e., alveolar process and soft tissue) that, once dam-

Periodontitis is a primary cause of tooth loss and a potential
risk factor for several systemic conditions [1]. It is character-
ized by an inflammatory response in the periodontal tissues to
bacterial toxins from the biofilm. These inflammatory
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aged, cannot provide proper support, causing loosening of
teeth to the point of exfoliation.

The amount of periodontal bone support is an important
factor for determination of periodontal diagnosis, prognosis,
and treatment [2]. A thorough clinical examination is essential
but in the absence of radiographic data, it may not allow an
accurate assessment of the supporting bone. For that reason,
imaging exams are considered the standard of care whenever a
clinical diagnosis of periodontitis is considered. Given the
variety of imaging methods available (such as film-based
intraoral radiographs, digital intraoral radiographs, panoramic
radiograph, and 3D imaging), one should be aware that limi-
tations of the chosen diagnostic tool may lead to inaccurate
prognosis and potential execution of inappropriate treatment
or even overtreatment [3e].

Intraoral radiographs, specifically periapical and bitewing
images, are frequently used for periodontal assessment of
those patients with clinical evidence of periodontal destruc-
tion. However, two-dimensional (2D) imaging is known for
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its inherent overlapping of structures and inaccuracy on facial-
lingual visualization of the structures. In this sense, for peri-
odontal assessments, intraoral radiographs provide limited in-
formation, especially regarding the severity of periodontitis as
only the height and the mesio-distal width of bone defects can
be measured [3°e, 4].

Nowadays, it is possible to overcome these limitations by
assessing the maxillofacial complex three-dimensionally (3D)
by cone-beam computed tomography (CBCT) images. Its ap-
plication for imaging evaluation of regional anatomy in the
management of a diverse range of oral conditions is well
known and broadly accepted. That includes the potential to
gather accurate diagnostic and qualitative information regard-
ing the alveolar bone loss, intrabony lesions, cortical plate
perforations, and furcation defects.

Since CBCT imaging has become a significant imaging
modality in periodontology, and its applications to
dentoalveolar disease and conditions are frequently updated,
the goal of this review was to highlight some of the current
evidence on the use of CBCT scans for imaging the most
common conditions related to periodontal diseases.

Periodontal Bone Loss

The presence, severity, extent, and rate of progression of peri-
odontal bone loss are important factors to be considered when
assessing periodontitis. Although the gold standard for peri-
odontal evaluation is the measurement of clinical attachment
levels (CAL), the challenges associated with accurate assess-
ment of CAL often lead to the utilization of probing depth
measurements in combination with a set of intraoral radio-
graphs [5]. Even though 2D imaging always presents with
some level of superimposition that may mask bone defects,
little evidence currently supports CBCT as a replacement or
adjunct to intraoral imaging in the routine diagnosis and man-
agement of periodontitis.

A systematic review published in 2018 concluded that
there was moderate level of evidence that CBCT can be accu-
rately used for the measurement of periodontal bone defects
[6°°]. Several other studies also reported that the accuracy of
CBCT images in detecting either vertical or horizontal bone
loss around posterior teeth was comparable to surgical explo-
ration [7-9]. However, the accuracy of CBCT images does not
appear to be significantly different from that of 2D intraoral
digital images in the assessment of periodontal bone level
[10-13]. In fact, intraoral radiography performed significantly
better for contrast resolution, bone quality assessment, and
delineation of the lamina dura [10]. For that reason, CBCT
imaging should not be the first choice for those tasks, and its
use should be reserved for cases where clinical information
and conventional 2D images are insufficient or unclear for
diagnosis and treatment planning [6°¢].

CBCT images may improve the understanding of the mor-
phology of alveolar defects [2, 10, 11]. A study comparing
CBCT scans, intraoral radiographs, and direct surgical mea-
surements of intrabony defects from patients exhibiting
moderate-to-severe chronic periodontitis and undergoing peri-
odontal regeneration procedures concluded that measure-
ments done on CBCT images were more accurate than those
obtained from intraoral radiographs [14]. CBCT images also
increase the odds of accurate evaluation of intrabony defect
more than 2-fold compared with intraoral radiography [13]
and might be beneficial for treatment decision that involved
periodontal regeneration and tooth extraction [2].

Conversely, it has also been shown that CBCT images may
under- or overestimate alveolar bone loss measurements, de-
pending on the voxel size used [6°°]. A recent study compared
the accuracy of linear and volumetric measurement of three-
wall intrabony defect by using clinical measurements and
CBCT images. Volume measurements increased as voxel size
decreased. The authors concluded that should volumetric
evaluation of periodontal bone defects be required, it is im-
portant to use of small voxel sizes for a more accurate mea-
surement [15].

Even though some authors may recommend CBCT imag-
ing for treatment planning of those few generalized advanced
periodontitis cases [4], its use may not be warranted from a
radiation exposure and cost standpoint [3e¢]. There is still
limited evidence also demonstrating improvements in therapy
execution and clinical outcomes for intrabony defects when
CBCT imaging is used [3¢¢]. However, if used for these pur-
poses, it is recommended for the field of view to be limited to
the area of interest to avoid unnecessary exposure of the pa-
tient to radiation [6°°, 16].

Furcation Involvement

A comprehensive decision-making in periodontal therapeutics
is frequently challenging when that involves the accurate as-
sessment and treatment of furcation areas affected by peri-
odontal disease [17, 18]. The diagnosis of furcation-involved
teeth is mainly achieved by the assessment of probing pocket
depth, clinical attachment level, furcation entrance probing,
and intraoral radiographs. 3D imaging such as CBCT has
the potential to provide additional information in the assess-
ment of those bone morphologies [18].

Several studies have highlighted the applicability of CBCT
images in furcation involvement assessment. In a recent study,
the correlation rates between clinical examination and CBCT
when detecting and measuring bone loss in the furcation re-
gion of maxillary and mandibular first molars were higher
than when intraoral radiographs were used [19]. CBCT scans
may even provide more details than clinical examination. In a
sample of 39 maxillary molars, only 17.9% of the furcation
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involvement cases that were otherwise classified by probing
as degree II (horizontal bone loss but no through-and-through
defects) were confirmed by CBCT as being degree 1. Most of
those cases were actually diagnosed in the CBCT images as
fused roots (15.4%), degree I (a small amount of vertical bone
loss and no horizontal bone loss in the furcation area; 20.5%),
and degree III (through and through defects; 46.2%) [20].

The assessment of furcation involvement on CBCT images is
comparable to that of direct intra-surgical measurements. A study
involving patients with moderate-to-severe chronic periodontitis
and at least one mandibular molar with grade ii or grade III
furcation involvement indicated for periodontal surgery reported
no differences between surgical and CBCT measured parameters
[18]. CBCT images were more accurate than the clinical mea-
surements in a study that included intra-surgical measurements of
200 grade II furcation defects in 40 patients diagnosed with
chronic periodontitis. The use of CBCT appears to be prudent
for an accurate diagnosis of furcation defects in patients with
advanced periodontal disease [17].

Some authors have raised the question if the information
available in CBCT images is really being fully identified. It
appears that some bone patterns possibly affected by peri-
odontal disease may still not be identified on CBCT images
since these changes are characterized by minor structural var-
iations that cannot be visually recognized [21]. A study sug-
gested that texture analysis (TA) applied to CBCT images to
evaluate regions close to lesions affected by grade C periodon-
titis can show and quantify alterations when those occur. Their
positive results demonstrate the potential of this tool as a di-
agnostic aid for regions with similar tomographic aspects [21].

Dehiscence and Fenestration

Dehiscence and fenestration are bone defects that compro-
mises the osseous coverage of the roots. Dehiscence is char-
acterized by a loss of alveolar bone, lowering the crestal bone
margin, and creating a root-exposed defect that is originated
from the cementoenamel junction in direction to the apex. The
dehiscence can present a millimetric extend or involve the full
length of the root. The dehiscence defects involve complica-
tions such as gingival recession, alveolar bone loss, and root
exposure. On the other hand, fenestration is a bordered defect
that does not involve the alveolar crest and exposes locally the
root surface. This opening caused by the bone loss can occur
on the facial or lingual cortical plate and it is located more
apically. Both defects cause a direct contact of the root with
the overlying mucosa [22].

In a tomographic study, a greater number of dehiscences
were found in the mandible of the observed individuals, with
greater frequency in the mandibular incisors, while fenestra-
tions had greater prevalence in the maxilla, especially in first
premolars and first molars [23]. Fenestrations are more
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frequently observed in subjects with class II malocclusion
when compared to subjects with classes I and III [23].
However, in relation to dehiscences, no significant difference
was found among the different types of malocclusion, even
though class III patients present a thinner mandibular symphy-
sis [24].

Given that dehiscence and fenestration are defects that com-
promise the integrity of the buccal and lingual cortical plates, a
proper visualization of these bone lesions in conventional
intraoral radiographs is not possible due to image superimposi-
tion of the anatomical structures. In order to overcome this lim-
itation, CBCT presents high accuracy in the detection of peri-
odontal structures and allows the 3D identification of the defect,
its location and extension, and eventually associated contributing
factors [22, 25, 26]. In this sense, dehiscence and fenestration
could be more precisely represented in 3D images, including
CBCT, when different imaging modalities were compared to
evaluate such bony defects [27, 28ee].

Even though the detection of bone loss on buccal and lin-
gual sites is significantly better with CBCT than with conven-
tional intraoral radiographs, one should be aware that its diag-
nostic accuracy is lower for anterior teeth [29]. It is also worth
mentioning that the accuracy of 3D images in depicting dehis-
cences and fenestrations relies on the image spatial resolution,
which is directly related to the voxel size. Differences in voxel
size affect the precision of measurements of the bony cover-
age [30]. Areas with bone thickness smaller than the size of
the voxel may be seen on the image as areas without bone,
which can lead to misdiagnosis—false positive diagnosis of a
defect [31, 32]. Yet most studies support the use of CBCT for
detection of these buccal bony defects.

Conclusion

Even though CBCT can be considered an adjunct diag-
nostic method in periodontal assessment, its routine use
for the evaluation and management of patients with peri-
odontitis is not indicated and it should only be requested
after a comprehensive periodontal examination. CBCT
exams provide little additional benefit in the decision-
making and disease managing in most cases of periodon-
tal disease, being advocated only on patient-specific
situations.

CBCT appears to be an accurate imaging method for the
assessment of more complex conditions such as alveolar
defects with intricate morphology, dehiscences, and fenes-
trations. However, it is imperative that acquisition proto-
cols are not only choosing according to the need but also
observing the levels of radiation exposure—most scenarios
may demand limited field-of-view high-resolution
protocols.
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