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Abstract

Background and aim: The aim of current systematic review and meta-analysis study was evaluate the
accuracy of cone-beam computed tomographic imaging of alveolar bone level and furcation
involvement in periodontal diseases.

Methods: From the electronic databases, PubMed, Scopus, LILACS, Web of Science, EBSCO,
LIVIVO, and Embase have been used to perform a systematic literature over the last five years between
2016 and September 2021. Mean differences with 95% confidence interval (Cl), fixed effect model and
Inverse-variance method were calculated. The Meta analysis have been evaluated with the statistical
software Stata/MP v.16 (The fastest version of Stata).

Results: 451 studies were selected to review the abstracts, the full text of 50 studies was reviewed.
Finally, eleven studies were selected. Mean difference of Alveolar bone level between CBCT
measurement and control group was -0.22 mm (MD, -0.22mm 95% CI -0.49mm, 0.05mm. P= 0.11).
The CBCT versus intrasurgical furcation measurements were 2.18 + 0.86 mm and 2.30 £ 0.89 mm for
furcation height.

Conclusions: Most of the findings of the studies indicate that CBCT measurements are similar to intra-
surgical alveolar bone measurements and no significant difference was observed in their findings.
Keywords: cone-beam computed tomographic imaging, furcation involvement, alveolar bone level,
periodontal diseases
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Introduction

Periodontitis is a common infection that damages the soft tissue and bone supporting the tooth. Without
treatment associated with a decrease in alveolar bone height(1). The loss of alveolar bone volume can
occur before dental extraction due to periodontal disease, periapical pathology and trauma to the
teeth(2). Examination and evaluation of residual alveolar bone before periodontal treatment can begin
can provide useful information about hard tissue morphology and through which a more accurate
treatment plan can be developed(3). A furcation involvement, also called a furcation invasion, is defined
as an area of bone loss at this branching point of a tooth root. The bone loss results from periodontal
disease(4, 5).

The area in periodontal assessment in which radiographs play a pivotal role is in treatment planning(6);
Radiographs continue to play an important role in the diagnosis and management of periodontal
disease(7), because they show the morphology of hard tissue, which is a key indicator of periodontal
disease(8). Conventionally periapical and panoramic radiographs were used to assess the periodontal
hard tissue status with practically no or limited insight into buccal and lingual alveolar bone
morphology(9). In panoramic radiographic data, the highest prevalence of tissue lesion was periodontal
lesion and periapical abnormality 33.7%(10). Cone-beam computed tomography (CBCT) is a
radiographic imaging method that allows accurate, three-dimensional (3D) imaging of hard tissue(11).
CBCT is particularly indicated because it is able to provide excellent images of the involved bony
structures and is effective to detect them(12). Over the past few years, few clinical studies have been
performed using CBCT to determine the extent of periodontal hard tissue destruction, with positive
results(13). A comprehensive review and the provision of sufficient evidence are of great importance,
taking into account factors such as the accuracy of the diagnosis. It is very important to study and
evaluate bone changes in periodontal diseases. Therefore the aim of current Systematic Review and
Meta-analysis study was evaluate the accuracy of cone-beam computed tomographic imaging of
alveolar bone level and furcation involvement in periodontal diseases.

Method

Search strategy

From the electronic databases, PubMed, Scopus, LILACS, Web of Science, EBSCO, LIVIVO, and
Embase have been used to perform a systematic literature over the last five years between 2016 and
September 2021. The reason for choosing studies in the last five years is to be able to provide sufficient
evidence in this area and use newer studies. Therefore, a software program (Endnote X8) has been
utilized for managing the electronic titles.

Searches were performed with mesh terms:

("Periodontal Diseases"[Mesh]) AND "Alveolar Bone Grafting"[Mesh]) OR "Alveolar Bone
Loss"[Mesh]) AND "Furcation Defects"[Mesh]) AND "Cone-Beam Computed Tomography"[Mesh])
AND "Data Accuracy"[Mesh]) OR ( "Diagnostic Imaging”“[Mesh] OR “diagnostic imaging"
[Subheading] ).

This systematic review has been conducted on the basis of the key consideration of the PRISMA
Statement—Perfumed Reporting Items for the Systematic Review and Meta-analysis(14).

Data Extraction and analysis method

The data were extracted from the research included years, Number of patients, sample size, observers,
and periodontal parameter and measurement tools in clinical practice.

For Data extraction, two reviewers blind and independently extracted data from abstract and full text of
studies that included. Prior to the screening, kappa statistics was carried out in order to verify the
agreement level between the reviewers. The kappa values were higher than 0.80.
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Mean differences with 95% confidence interval (CI), fixed effect model and Inverse-variance method
were calculated.

Random effects were used to deal with potential heterogeneity and I1? showed heterogeneity. 12 values
above 50% signified moderate-to-high heterogeneity. The Meta analysis have been evaluated with the
statistical software Stata/MP v.16 (The fastest version of Stata).

Results

In the review of the existing literature using the studied keywords, 451 studies were found. In the initial
review, duplicate studies were eliminated and abstracts of 432 studies were reviewed. At this stage, 381
studies did not meet the inclusion criteria, so they were excluded, and in the second stage, the full text
of 50 studies was reviewed by two authors. At this stage, 39 studies were excluded from the study due
to incomplete data, inconsistency of results in a study, poor studies, lack of access to full text,
inconsistent data with the purpose of the study. Finally, eleven studies were selected (Figurel).

Studies identified
(n=451)

ldentification

Studies after copies expelled
(n=432)

Studies screened (n=431) Studies excluded (n=381)

Full text ]
Full content article

excluded (n=39)
The included studies

(n=11)
Figure 1. Study Attrition

Included |ligibility Bcreening

Table 2. Studies were selected for systematic review and meta-analysis.

Study. Years Number of observers Periodontal linear measurements
patients parameter
Nayyar et al., 2019 (15) 12 1 Bone defects CBCT
Sreih et al.,2019 (16) 10 1 Marginal bone surgical, Peri-apical
levels radiographs ,CBCT
Yang et al.,2019 (17) 30 3 Alveolar bone CBCT, surgical, clinical
loss attachment level
Patil et al., 2018 (18) 32 1 periodontal CBCT
defects
Parvez et al., 2018 (19) 17 1 Furcation CBCT, surgical
involvement
Zhang et al., 2018 (20) 83 2 Furcation CBCT, surgical
involvement
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Padmanabhan et 14 2 Furcation CBCT, surgical

al.,2017 (21) involvement

Guo et al., 2016 (22) 6 4 Alveolar bone CBCT, surgical
loss

Pour et al., 2016 (23) 30 1 Alveolar bone CBCT, surgical
loss

Zhu et al., 2016 (24) 11 1 Furcation CBCT

involvement
Panjinigara et al., 2016 40 2 Furcation CBCT, surgical
(25) involvement

; CBCT: cone-beam computed tomographic; CAL.: clinical attachment level.
Characteristics

Eleven studies have been included in present article. The number of patients a total was 285 and the
range of observers was between one to four examiners. Other specifications are reported in Table 1.

Alveolar bone level measurements

Mean difference of Alveolar bone level between CBCT measurement and control group was -0.22 mm
(MD, -0.22mm 95% CI -0.49mm, 0.05mm. P= 0.11) among four studies with high heterogeneity (1% =
83.49%; p=0.00) (Figure2). The result showed difference was statistically not significant (p=0.11).

CBCT Control Mean Diff. Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Sreih et al.2019 69 4 15 68 53 21 ——— -1.30[ -1.91, -0.69] 20.09
Yangetal.2019 30 66 23 30 7.6 24 = -1.00[ -2.19, 0.19] 5.29
Guo etal.2016 25 7 9 25 5 4 —— 0.20[ -0.19, 0.59] 50.23
Pouretal.2016 38 .13 6 28 16 1.6 —i— -0.03[ -0.58, 0.52] 24.39
Overall . -0.22[ -0.49, 0.05]

Heterogeneity: I” = 83.94%, H® = 6.22
Test of 8 = 8;: Q(3) = 18.67, p = 0.00
Testof8=0:z=-1.58, p=0.11

Fixed-effects inverse-variance model

Figure2. The Forest plot showed Mean difference of Alveolar bone level

Statistical significance was found between the modalities concerning linear measurements in Sreih et
al.2019 (16) and CBCT showed less bone loss while intrasurgical measurements showed more bone
loss. Yang et al.2019 (17) showed statistically significant differences between CBCT and CAL + 2.04
mm (P = 0.000), as well as intra-surgical evaluation (P = 0.001). All sites showed differences in CBCT
versus intra-surgical measurement and versus CAL + 2.04 comparisons, except the buccal sites (P =
0.187 and 0.147, respectively). In Guo et al.2016 (22) no statistically significant difference was found
between the surgical and CBCT measurements (p=0.84). CBCT enables accurate measurement of bone
loss comparable to surgical exploration and can be used for diagnosis of bone defects in periodontal
diseases in clinical settings, Pour et al.2016 (23).
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Furcation involvement

Nayyar et al. 2019 (15) showed CBCT measurements and clinical measurements for various sites in the
anterior and posterior teeth was found to be highly significant in all the cases (P = 0.001). Patil et al.
2018 (18) reported no significant difference was found regarding the CBCT measurements of the facio-
lingual width and M-D width of the defect when compared with the measurements obtained during the
surgical procedures. Also Parvez et al. 2018 (19) observed there was no statistically significant
difference between CBCT measurements and surgical measurements (p<0.05). Zhang et al. 2018 (20)
reported similar result and highest agreement between measurements obtained using CBCT imaging
technique and true level of involvement seen during OFS (89%) when compared to clinical and OFS
measurements (11%) and clinical and CBCT measurements (3%).

The CBCT versus intrasurgical furcation measurements were 2.18 + 0.86 mm and 2.30 £ 0.89 mm for
furcation height, 1.87 £ 0.52 mm and 1.84 £ 0.49 mm for furcation width, and 3.81 + 1.37 mm and 4.05
+ 1.49 mm for furcation depth, respectively. Results showed that there was no statistical significance
between the measured parameters, indicating that the two methods were statistically similar,
Padmanabhan et al.2017 (21). The parameters and related methods of measurements proposed in the
study showed high reproducibility. CBCT images provided more details in assessing maxillary molar,
Zhu et al.2016 (24). However Panjinigara et al.2016 (25) reported Pre-surgery clinical measurements
(vertical 6.15 = 1.71 mm and horizontal 3.05 + 0.84 mm) and CBCT measurements (vertical 7.69 +
1.67 mm and horizontal 4.62 + 0.77 mm) underestimated intra-surgery measurements (vertical 8.025 +
1.67 mm and horizontal 4.82 =+ 0.67 mm) in both vertical and horizontal aspects, and the difference was
statistically not significant (vertical P = 1.00).

Discussion

Studies show that CBCT can be effective in diagnosing periodontal bone levels, and recent studies
confirm these findings (26, 27). Similar results were found in the study of Pour et al., (23) and Guo et
al., (22) but in both studies there was no statistically significant difference between surgical and CBCT
measurements. Patil et al., (18) showed no difference between CBCT and intra-surgical diagnostic
methods. While in Yang et al., (17) study different results observed and there was a statistically
significant difference between the measurements of this method. In addition, some researchers have
suggested that the accuracy of measuring bone levels may depend on the type of CBCT equipment and
resolution. It has been found that measuring images with a resolution of 0.25 mm is significantly more
accurate than measuring images with a resolution of 0.4 mm (28). One of the reasons for this difference
in results can be poor access in certain areas, especially in terms of language and palate, which causes
inconsistencies in measuring bone levels during surgery and CBCT (29). As Nayyar et al., (15) showed
CBCT incompatibility in determining bone level, especially in the palatal / lingual locations of the
anterior teeth, however, no statistical difference was observed between CBCT measurements and
intraoperative measurements in posterior teeth. Radiation dose is also a factor that should be discussed.
When using CBCT to measure alveolar bone level, the radiation dose is higher than periapical
radiography or panoramic radiography(9, 30).

Qiao et al., (31) showed that CBCT images show high accuracy in assessing furcation involvement, and
the findings of Walter et al., (32) support these results. Some studies have shown conflicting results.
However, some studies have found different results regarding the accuracy of CBCT in accordance with
clinical measurements in different types of furcation(5). Cimbaljevic et al., (33) reported that clinical
experience and CBCT expertise did not significantly affect the detection of furcation involvement in
CBCT scans. Zhu et al., (24) also found that CBCT scans were more effective in assessing maxillary
furcation involvement.In general and in similar studies, the CBCT imaging technique provides reliable
images of furcation involvement and height of the alveolar bone (9).
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Conclusion

Most of the findings of the studies indicate that CBCT measurements are similar to intra-surgical
alveolar bone measurements and no significant difference was observed in their findings. However,
some findings indicate that the accuracy of the measurements in the anterior regions with relatively thin
cortical regions should be further investigated. Some have reported that accurate surgical measurements
are difficult to access and that it is better to use CBCT measurements. The radiation dose and clinical
factors of the patient should be evaluated before measuring CBCT. CBCT should not be the first choice
to measure bone periodontal defects. Its use should be preferably for cases where clinical and
conventional images are insufficient or unclear for diagnosis and treatment decision. Further studies
with more sample size and high quality studies in this field are needed and it is suggested that more
studies be done in this field.
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