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Cone beam computed tomography and detection of 
periodontal bone defects in patients with advanced 
periodontal disease indicated for periodontal surgeries
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Context and Aim: Radiographs play an important role in periodontal diagnosis; however, one of the major 
limitations of the conventional radiological procedures is the presence of considerable overlapping of the overlying 
anatomical structures and lack of a clear three-dimensional information. Surgical exposure, although being able 
to evaluate the type and depth of the defect during surgery, provides very little time to the surgeon to plan for 
the type of procedure required for periodontal regeneration based on the information obtained during surgery. 
Recently, cone beam computed tomography (CBCT) has emerged as a lower cost alternative to the computed 
tomography (CT) with high-quality images and lower radiation exposure to the patients, though, in vivo studies, 
in this regard, are still scarce. The aim of the present study was to assess the efficacy of CBCT in the detection 
of periodontal bone defects in patients with advanced periodontal disease indicated for periodontal surgeries.
Materials and Methods: The present cross-sectional study included patients with advanced periodontal 
disease indicated for periodontal surgeries. Bone defects were measured first with the help of CBCT software 
and then, during a surgical intervention using the standardized UNC-15 periodontal probe and compared.
Statistical Analysis: Statistical analysis was done using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). Both 
the measurements were compared with the help of Student’s t-test. P < 0.05 was considered statistically 
significant while P < 0.001 was considered highly statistically significant.
Results: The palatal/lingual sites in anterior teeth which showed a mean CBCT value of 4.0444 mm and mean 
surgical value of 4.1822 mm revealed the mean difference to be statistically significant along with the distal 
sites which showed a mean CBCT value of 3.3667 mm and mean surgical value of 3.5217 mm (P = 0.001). 
The values, although in case of posterior teeth, were not found to be statistically significant.
Conclusion: From the observations made from the present study, it could be concluded that CBCT provided 
good accessibility to visualize sites which were otherwise difficult to access during surgery. Furthermore, 
the bone density/volume could be detected precisely with the CBCT software which was otherwise not 
possible with the conventional methods.
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INTRODUCTION

Periodontal disease is characterized by periods of  disease 
activity in which the supporting structures are destroyed 
by the action of  chemical mediators generated by the 
inflammatory process followed by periods of  relative 
inactivity or latency.[1,2] Radiographs play an important 
role in periodontal diagnosis; however, one of  the major 
limitations of  the conventional radiological procedures is 
the presence of  considerable overlapping of  the overlying 
anatomical structures and lack of  a clear, three‑dimensional 
information.[3‑5] In a plethora of  situations, this limitation 
of  radiographs becomes an actual hindrance in the 
distinction between the buccal and palatal/lingual cortical 
aspects making it difficult to evaluate periodontal bone 
damage, especially in cases of  crater defects and furcation 
involvements.[6‑9] Although bitewing or interproximal 
radiography has yielded the best results in the evaluation of  
alveolar bone architecture including alveolar bone height, 
important features of  the alveolar bone may go undetected 
as a result of  the overlying structures or an unfavorable 
orientation of  the central beam of  the X‑rays. Surgical 
exposure remains the only mean to ascertain precision 
of  the defects or any other hidden pathology in such 
circumstances.[10] Surgical exposure, although being able to 
evaluate the type and depth of  the defect during surgery, 
provides very little time to the surgeon to plan for the type 
of  procedure required for periodontal regeneration based 
on the information obtained during surgery. Recently, cone 
beam computed tomography (CBCT) has emerged as a 
lower cost alternative to the computed tomography (CT) 
with high‑quality images and lower radiation exposure 
to the patients.[11,12] For the detection of  the smallest 
osseous defects, CBCT can display the image in all its 
three dimensions by removing the interfering anatomical 
structures making it possible to evaluate the given area of  
surgical interest extensively.[13‑18] A number of  studies have 
found CBCT to be as accurate as direct measurements 
made using a periodontal probe. Recent in vitro studies 
have, also, shown better precision in the evaluation of  
bone changes associated with periodontal disease using 
CBCT when compared to the conventional and digital 
radiographic procedures.[19,20] Unfortunately, in vivo studies, 
in this regard, are still scarce. The aim of  the present 
study was to assess the efficacy of  CBCT in the detection 
of  periodontal bone defects in patients with advanced 
periodontal disease indicated for periodontal surgeries.

MATERIALS AND METHODS

The present study was designed as a cross‑sectional 
study wherein patients aged between 35 and 55 years 

with the advanced periodontal disease who were 
indicated for periodontal treatment in the form of  
periodontal surgeries were selected from the outpatient 
department. The exclusion criteria included subjects 
with systemic complications; pregnant and lactating 
females; subjects with a habit of  smoking and/or tobacco 
chewing; patients with wasting diseases such as attrition, 
abrasion, erosion, and abfraction; and patients who had 
to undergo any restorative procedures in the areas of  
interest. Twelve patients with chronic periodontitis with 
12 teeth each including six anterior and six posterior 
teeth were selected for making the measurements 
preoperatively and perioperatively. The sites selected for 
measurements included B‑Buccal; BD‑Buccal/Distal; 
BM‑Buccal/Mesial; D‑Distal; DB‑Distal/Buccal; 
DP‑Distal/Palatal or, Lingual in case of  mandibular; 
M‑Mesial; MB‑Mesial/Buccal; MP‑Mesial/Palatal 
or, Lingual; P‑Palatal or, L‑Lingual; PD‑Palatal or, 
Lingual/Distal; and PM‑Palatal or, Lingual/Mesial in 
case of  maxillary and mandibular teeth, respectively. All 
patients who fulfilled the inclusion criteria and agreed to 
participate voluntarily with a written informed consent 
were considered for the study. The research protocol 
was approved by the Institutional Ethics Committee 
governing the use of  human subjects in clinical research. 
A detailed case history was taken including chief  
complaint, history of  presenting illness, and medical 
and personal histories. A thorough clinical examination, 
including systemic and regional examination, was done. 
All the patients were, then, subjected to the routine, 
conventional radiological procedures.

Presurgical preparation
Each patient received an initial periodontal treatment 
including oral hygiene instructions, plaque control, and 
full mouth scaling and root planing to achieve complete 
elimination of  active inflammation [Figure 1]. Once 
the hygiene phase was completed and patients showed 
plaque proficiency up to mark, the surgical therapy was 
initiated.

Radiographic assessment
CBCT images were acquired for the same area of  interest 
which was exposed for radiography during diagnosis and 
meeting of  the study criteria. Images were acquired in a 
single 360° rotation around the head of  the patient. The 
standard image‑acquisition time was 36 s [Figure 2]. All the 
images were stored in Digital Imaging Communications in 
Medicine file format [Figures 3 and 4]. Following image 
acquisition, measurements were made using the proprietary 
NNT software (Version 5.4) integrated with NewTom 
GiANO equipment [Figures 5‑8].
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Figure 1: Armamentarium Figure 2: Cone beam computed tomography unit

Figure 3: Screenshot of cone beam computed tomography 
analysis (Case 1)

Figure 4: Screenshot of cone beam computed tomography 
analysis (Case 2)

Figure 5: Cone beam computed tomography view of bone 
defect (Case 1)

Figure 6: Measurement of defect with cone beam computed 
tomography software (Case 1)

Surgical procedure
The patients were, then, subjected to the conventional 
open flap debridement procedure while measurements 
were obtained directly during the procedure.

Assessment of depth of the bone defect
The depth of  the bone defect was measured during the 
procedure in the same region where CBCT was taken. It 
was measured using the standard UNC‑15 periodontal 
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probe to the nearest millimeter from the coronal extension 
of  the alveolar bone crest to the deepest level of  the 
defect [Figures 9 and 10].

Postoperative care
Antibiotic‑anti‑inflammatory coverage was prescribed for 
5 days’ postoperatively while all the patients were instructed 
to rinse with 0.2% chlorhexidine gluconate mouth rinse 
twice daily until 4 weeks. Periodontal dressing and sutures 
were removed 7 days’ postoperatively. After 1 month, the 
patients were instructed to resume mechanical oral hygiene 
measures including careful brushing with an ultrasoft 
toothbrush and interdental cleaning with an interdental 
or, proxabrush and to discontinue chlorhexidine gluconate 
mouth rinse. Subgingival scaling and probing were avoided 
for first 6 months to allow the newly forming connective 
tissue to mature while the patients who had received the 
regenerative therapy were recalled after 6 months for 
further evaluation and needful.

Statistical analysis
Statistical analysis was done using SPSS version 18.0 
(SPSS Inc., Chicago, IL, USA). Both the measurements 
were compared in each anterior and posterior tooth with 
the help of  Student’s t‑test. If P > 0.05, the difference 
observed was considered statistically insignificant 
while if  ≤0.05 (P < 0.05), it was considered statistically 
significant. Pearson’s coefficient correlation test was, also, 
used to test the correlation between the observed values 
while unpaired t‑test was used to compare the data in the 
same measurement method used.

RESULTS

Twelve patients including six males and six females with a 
mean age of  35.5 years with advanced periodontal disease 
indicated for periodontal surgeries were included in the 
study. The palatal/lingual sites in anterior teeth which 
showed a mean CBCT value of  4.0444 mm and mean 

Figure 7: Cone beam computed tomography view of bone defect 
(Case 2)

Figure 8: Measurement of defect with cone beam computed 
tomography software (Case 2)

Figure 9: Defect exposed after debridement (Case 1) Figure 10: Defect exposed after debridement (Case 2)

[Downloaded free from http://www.ijhnp.org on Wednesday, May 25, 2022, IP: 117.209.196.40]



Nayyar: Cone beam computed tomography and detection of periodontal bone defects in advanced periodontal disease

16  International Journal of Head and Neck Pathology | Volume 1 | Issue 1 | January-June 2018

surgical value of  4.1822 mm revealed the mean difference 
to be statistically significant along with the distal sites 
which showed a mean CBCT value of  3.3667 mm and 
mean surgical value of  3.5217 mm (P = 0.001) [Table 1]. 
The values, though, in case of  posterior teeth were not 
found to be statistically significant [Table 2]. Furthermore, 
the Pearson’s correlation coefficient test for various sites 
in the anterior and posterior teeth was found to be highly 
significant in all the cases (P = 0.001) [Tables 3 and 4]. 
The present study, however, revealed that within the 
same analytical parameters, when unpaired t‑test was 
applied, it was found that there was a significant difference 
between the mesial and distal sites in posterior 
teeth in the measurements made during the surgical 
intervention (P = 0.043) [Table 5].

DISCUSSION

CBCT has opened up a new vista in maxillofacial 
imaging facilitating the transition of  diagnostics from 
two‑dimensional to three‑dimensional imaging and having 
the potential to expand the role of  dental imaging from 
mere diagnosis to image‑guided operative procedures and 
surgeries. Numerous studies have validated the use of  
CBCT in the planning of  implant cases, in the study of  
temporomandibular diseases, in the diagnosis of  embedded 
teeth, in orthodontics and dentofacial orthopedics, and 
in numerous other pathologies;[19,21‑38] however, few have 
analyzed the need for CBCT in periodontal diagnosis 
and treatment planning. Recently, a few in vivo studies 
have been published concerning periodontal bone defect 
measurements using CBCT; however, only a few of  these 
actually relate the accuracy of  CBCT in the assessment of  
horizontal in addition to the vertical bone defects which 
form the mainstay of  these studies.[7,8,15,36,39‑42] The main 
advantages of  CBCT include good accessibility and easy 
handling in addition to a real‑size dataset with multiplanar 
cross‑sectional images and three‑dimensional image 
reconstructions based on a single scan at low‑radiation 
exposure with optimal image quality, the advantages which 
have actually made CBCT even more promising than 
CT.[43,44] Although Vandenberghe et al.[19] suggested CBCT 
to be used only for relatively complex periodontal treatment 
planning and potential use of  dental implants, this imaging 
modality may provide a new tool for periodontal imaging, 
especially in cases wherein an interdisciplinary approach 
to treatment planning is necessary.

The aim of  the present study was to assess the efficacy of  
CBCT in the detection of  periodontal bone defects in patients 
with advanced periodontal disease indicated for periodontal 
surgeries wherein the palatal/lingual sites in anterior teeth 

Table 2: Comparison of measurements from various sites in 
the posterior teeth by paired t‑test
Site (posterior) Method Mean SD SE t P

Buccal Surgical 5.9833 1.83288 0.13657 −1.444 0.150
CBCT 6.0656 1.78652 0.13316

Palatal/lingual Surgical 6.1556 1.72986 0.12894 0.835 0.405
CBCT 6.1111 1.73932 0.12964

Mesial Surgical 5.6444 1.63284 0.12170 −1.310 0.192
CBCT 5.6956 1.5774 0.11757

Distal Surgical 6.0389 2.02874 0.15121 0.897 0.731
CBCT 6.0867 1.97734 0.14738

CBCT: Cone beam computed tomography, SD: Standard deviation, 
SE: Standard error

which showed a mean CBCT value of  4.0444 mm and mean 
surgical value of  4.1822 mm revealed the mean difference 
to be statistically significant along with the distal sites which 
showed a mean CBCT value of  3.3667 mm and mean 
surgical value of  3.5217 mm (P = 0.001). The said results 
were found to be in agreement with the results obtained 
in the study conducted by Mol and Balasundaram[40] who 
found CBCT to be associated with lesser accuracy in the 

Table 1: Comparison of measurements from various sites in 
the anterior teeth by paired t‑test
Site (Anterior) Method Mean Std.dev. Std. error t p

Buccal Surgical
CBCT

4.1950
4.1556

1.84685
1.92259

0.13766
0.14330

1.375 0.171

Palatal/Lingual Surgical
CBCT

4.1822
4.0444

1.93478
1.98830

0.14421
0.14820

3.504 0.001**

Mesial Surgical
CBCT

4.1982
4.1547

2.10964
2.12341

0.27235
0.27413

0.287 0.775

Distal Surgical
CBCT

3.5217
3.3667

1.31717
1.35255

0.17005
0.17461

3.524 0.001**

**P<<0.001‑ Highly significant

Table 3: Pearson’s correlation coefficient test for various 
sites in the anterior teeth
Site (Anterior) Method Correlation p

Buccal Surgical
CBCT

0.980 <0.001**

Palatal/Lingual Surgical
CBCT

0.964 <0.001**

Mesial Surgical
CBCT

0.956 <0.001**

Distal Surgical
CBCT

0.968 <0.001**

**P<<0.001‑ Highly significant

Table 4: Pearson’s correlation coefficient test for various 
sites in the posterior teeth
Site (Posterior) Method Correlation p

Buccal Surgical
CBCT

0.911 <0.001**

Palatal/Lingual Surgical
CBCT

0.915 <0.001**

Mesial Surgical
CBCT

0.947 <0.001**

Distal Surgical
CBCT

0.937 <0.001**

**P<<0.001‑ Highly Significant
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measurement of  buccal bone defects in the anterior region 
of  mandible in comparison with the posterior region 
on images with the New Tom 9000 scanner. The reason 
behind such findings was attributed to the thinner buccal 
and lingual cortical plates in the anterior teeth than that is 
present in the posterior teeth. Fuhrmann et al.[8] also, found 
that bone defects with wall thickness <0.2 mm were not 
apparent on tomographic imaging using helical CT. Till 
date, none of  the studies have indicated the least bone 
wall thickness that can be identified on CBCT imaging. 
The present study, therefore, highlights the need for such 
comparative studies for assessing the minimum bone wall 
thickness that can be identified accurately on CBCT imaging. 
Furthermore, the values in case of  posterior teeth, though, 
more accurate than the anterior teeth, were not found to be 
statistically significant in the present study. This, too, was 
found to be in agreement with the findings of  the studies 
conducted by de Faria Vasconcelos et al.,[7] Grimard et al.,[10] 
and Feijo et al.[18] with the variations found in the accuracy 
of  CBCT in anterior and posterior teeth imaging being 
likely the result of  the difference in the morphology of  the 
periodontal bone defects in each region. The lingual plates 
are considerably thinner in the anterior region, and the 
bone tapers toward the alveolar crest in case of  the anterior 
teeth than in teeth in the posterior regions. A thinner bone 
plate has low‑image resolution decreasing the precision of  
the linear measurements made in case of  anterior teeth. 
This limitation of  CT/CBCT in such cases might be due 
to the property denominated as partial volume averaging 
wherein when the limit between two tissues is in the middle 
of  a voxel; its density is not accurately assessed by the said 
imaging modality, be it CT and/or CBCT.[43,44] Apparently, 
the quality of  the image slices, in such cases, is insufficient to 
resolve the alveolar crest reliably in the said regions resulting 
in lesser diagnostic accuracy.

In addition, although CBCT appears to be a promising 
option for periodontal imaging, the image quality actually 
achievable with CBCT essentially depends on the actual 
dose applied during CBCT, despite the variations in the 
actual dose and the image quality achieved, CBCT, still, 
proves to be a dose‑sparing technique compared to the 
alternative medical/conventional CT as was found in 
the study conducted by Ludlow et al.[45] comparing the 
impact of  two different effective doses for obtaining 
optimal quality images. A review of  the recent studies 
on the said image modalities, also, positively affirms 
CBCT to be superior to the conventional radiological 
and imaging modalities.[46] However, since there is a 
relative dearth of  studies in this regard with not much 
work done in relating the efficacy of  CBCT as against the 
conventional radiography and CT,[47,48] further in vitro and 
in vivo research is highly mandated to optimize the basic 
radiation dose required for obtaining optimal quality images 
without compromising the required diagnostic detailing. 
Furthermore, the spatial resolution of  CBCT is dependent 
on the voxel dimensions used during scanning wherein 
a plethora of  studies has investigated the influence of  
voxel dimensions on the imaging outcomes in different 
clinical settings.[49,50] Smaller voxel dimensions have been 
hypothesized to result in greater resolution of  the images; 
however, higher radiation doses are needed in such clinical 
settings. Wood et al.,[51] however, when conducted a study 
to determine the factors affecting the alveolar bone height 
measurements from CBCT images, had contradictory 
findings and concluded that the voxel‑dimension factor 
had an insignificant impact on the alveolar bone height 
measurements in CBCT imaging. Several other factors 
cited in this regard of  significance include the quantity and 
quality of  the bone being imaged, the skill of  the examiner, 
the software used to view and analyze the CBCT images 
and the presence or absence of  soft‑tissue at and in and 
around the site of  interest might.[52‑57] In the present study, 
a voxel size of  0.2 mm was used as against 0.4 mm used 
in the in vitro study conducted by Vandenberghe et al.[19] to 
obtain higher‑resolution images as the present study was 
an in vivo study. Although radiation dose used in the present 
study was well below the conservative limits recommended 
by the National Council on Radiation Protection and 
Measurements even at the highest CBCT exposure settings, 
further studies are mandated to determine the ideal 
exposure settings that could optimize the image quality.

Misch et al.[16] hypothesized CBCT analysis to be as accurate 
as direct measurements made using the standard UNC‑15 
periodontal probing. The present study, however, revealed 
that within the same analytical parameters, when unpaired 
t‑test was applied, it was found that there was a significant 

Table 5: Unpaired t‑test for the surgical and CBCT 
measurements in anterior as well as posterior teeth
Method Site t p

Surgical (Posterior) Mesial
Distal

2.302 0.043*

CBCT (Posterior) Mesial
Distal

1.789 0.075

Surgical (Posterior) Buccal
Palatal

-0.917 0.360

CBCT (Posterior) Buccal
Palatal

-0.245 0.806

Surgical (Anterior) Buccal
Palatal

0.767 0.444

CBCT (Anterior) Buccal
Palatal

0.764 0.446

Surgical (Anterior) Mesial
Distal

0.355 0.723

CBCT (Anterior) Mesial
Distal

0.128 0.829

*P<0.05‑ Statistically significant
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difference between the mesial and distal sites in case of  
posterior teeth in the measurements made during the 
surgical intervention (P = 0.043). This difference could 
be explained by the fact that the distal site accessibility 
is difficult while performing periodontal surgeries and 
taking such measurements, especially, in case of  molars. 
CBCT, on the contrary, in such situations, provided good 
accessibility to visualize the sites which were otherwise 
difficult to access during surgical intervention including 
the distal sites of  the posterior teeth. The findings of  the 
present study were, also, found to be in agreement with 
the results of  the study conducted by Feijo et al.[18] who 
concluded that clinical measurements obtained using the 
standard UNC‑15 periodontal probe were found to be with 
an accuracy of  up to 1 mm whereas CBCT measurements 
allowed an accuracy of  up to three decimal places. In an 
ideal setting, a discrepancy of  0.5 mm between the clinically 
and radiographically estimated bone levels is considered 
to be acceptable. Smaller or larger errors in locating the 
cementoenamel junction and alveolar crestal levels can 
respectively lead to over‑ and under‑estimation of  the 
disease progression in the said situations.

Furthermore, due to the limitations of  using re‑entry 
surgeries to evaluate grafting outcomes, radiographic 
techniques such as intraoral radiology, digital subtraction 
radiography, and computer‑assisted densitometric image 
analysis have been used as alternative methods for 
assessment of  grafting outcomes in such situations,[58] 
although all three of  the said radiographic techniques are 
difficult to be standardized from two different surgery time 
points. Furthermore, the primary limitation of  all these 
radiographic techniques is the reliability of  two‑dimensional 
imaging to assess three‑dimensional morphologic changes. 
CBCT might be prove to be a useful and more precise 
clinical tool for the assessment of  periodontal surgical 
outcomes over varying time scales in such clinical settings. 
Data from CBCT can be helpful in the preoperative 
evaluation of  the bone topography and architecture of  
the bone defect as well as in the optimization of  the 
surgical treatment planning and treatment outcomes in 
such situations.

From the literature so far, CBCT can be said to help 
diagnose more accurately the periodontal disease and its 
varied aspects such as the amount of  bone loss, its extent, 
type of  defect existing, its dimensions and extent of  the 
involvement of  furcations in case of  posterior teeth and to 
determine precisely the prognosis of  each tooth by allowing 
a three‑dimensional analysis of  the surrounding bone. To 
conclude, CBCT provides better evaluation of  the bone 
topography preoperatively which gives precision in the 

assessment of  the type and depth of  the defect present 
and helps optimizing the surgical treatment planning and 
treatment outcomes, however, further clinical studies are, 
still, necessary to establish the selection criteria that define 
conditions and specific indications for the use of  this 
imaging modality in periodontal diagnosis and treatment 
planning keeping radiation exposure to the minimal with 
optimal diagnostic accuracy and with all these aspects, 
eventually, contributing to significantly improve the quality 
of  periodontal care provided.

CONCLUSION

From the observations made from the present study, it 
could be concluded that CBCT provided good accessibility 
to visualize sites which were otherwise difficult to access 
during surgery. In addition, the bone density/volume could 
be detected precisely with the CBCT software which was 
otherwise not possible with the conventional methods. 
The diagnostic accuracy of  CBCT, though, was found 
to be lesser for anterior than for the posterior teeth in 
accordance with the findings reported in numerous other 
studies in the literature, too, however, till date, none of  the 
studies have indicated the least bone wall thickness that 
can be identified on CBCT imaging. The present study, 
therefore, highlights the need for such comparative studies 
in the future assessing the minimum bone wall thickness 
that can be identified accurately on CBCT imaging.

Future research directions
Although CBCT appears to be a promising impending 
option for periodontal imaging, the image quality actually 
achievable with CBCT essentially depends on the actual 
dose applied during CBCT. However, since there is a 
relative dearth of  studies in this regard with not much 
work done in relating the efficacy of  CBCT as against 
the conventional radiography and CT, further in vitro and 
in vivo research is highly mandated to optimize the basic 
radiation dose required for obtaining optimal quality images 
without compromising the required diagnostic detailing. 
Furthermore, the spatial resolution of  CBCT has been 
hypothesized to be dependent on the voxel dimensions 
used during scanning and smaller voxel dimensions, though, 
said to result in greater resolution of  the images, have been 
associated with higher radiation doses. This area, too, has 
been largely unexplored in the studies conducted so far 
and mandates further studies to be conducted to determine 
the ideal exposure settings that could optimize the image 
quality and required diagnostic detailing.
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