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Abstract 
Background and Aim: Several methods have been used to evaluate 
gingival thickness (GT); the most often used is the direct technique 
(DT), which is invasive. Thus, it is necessary to find a novel, reliable, 
and non-invasive approach for this purpose. This study aimed to 
evaluate the accuracy of assessment of periodontal phenotype using 3-
dimensional digital analysis (digital technique) in comparison with the 
DT.    
Materials and Methods: This cross-sectional study included 30 
periodontally healthy participants between 20 and 25 years. One 
calibrated examiner performed all the measurements. GT and bone 
thickness (BT) were evaluated at 2 mm (GT2, BT2) and 4 mm (GT4, 
BT4) apical to the alveolar bone crest around 6 teeth i.e., one molar, 
one premolar and one incisor in each arch. In the DT, transgingival 
probing was performed using an endodontic file and a digital vernier 
caliper. In the digital technique, the DICOM data of cone-beam 
computed tomography (CBCT) and stereolithography (STL) data were 
superimposed to perform a digital analysis. Statistical analyses were 
conducted using the Student's t-test and Pearson’s correlation 
coefficient (alpha=0.05).    
Results: Tooth-wise comparison of GT2, GT4, BT2, and BT4 
measurements between the DT and digital technique groups showed 
very high correlation (r=0.86) for all the included teeth. The GT and BT 
measurements also showed very high correlation (r>0.8) between the 
two techniques. 
Conclusion: The results showed that digital measurement with STL-
DICOM file superimposition was a reliable and reproducible technique 
comparable to the DT with an endodontic file.  
Keywords: Cone-Beam Computed Tomography; Gingiva; Maxilla; 
Stereolithography 
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Introduction 
Clinical appearance of normal gingival tissue 

is a reflection of the underlying alveolar bone, 
lamina propria, and epithelium. While the term 
"periodontal phenotype" also encompasses the 
underlying bone morphology, "gingival 
phenotype" refers to the quality of the soft tissue 
profile around the tooth [1]. The use of 
periodontal biotype as a categorization criterion 
for different morphological characteristics of the 
human periodontium was proposed by Olsson 
and Lindhe [2]. The term "periodontal 
phenotype" was proposed, according to the 
recommendation of the 2017 World Workshop 
on the Classification of Periodontal and Peri-
Implant Diseases and Conditions [3]. The two 
prerequisites for this term are bone morphotype 
(thickness of buccal bone plate) and gingival 
phenotype, i.e., gingival thickness (GT) and 
keratinized tissue width. In addition, gingival 
morphology has been divided into three 
categories based on the periodontal biotype: 
"thin-scalloped," "thick-scalloped," and "thick-
flat" [1,4] 

Several factors influence how periodontal and 
restorative treatment approaches turn out in 
terms of final esthetic outcome [4–6]. The most 
important of them is the examination of the 
surrounding soft and hard tissues, which is 
essential for the outcome of restorative and 
periodontal treatments. Moreover, periodontal 
phenotype may affect the outcome of orthodontic 
and restorative treatments [7–10]. The esthetic 
outcomes of dental implants are highly 
associated with the gingival biotype (GB). 
Implant placement should be done in perfect 3-
dimensional location along with a thick GB and 
buccal bone morphotype, especially during 
immediate implant placement [11]. To prevent 
buccal bone resorption, a thick labial bone plate 
at least 1-2 mm in thickness is necessary to 
preserve implant stability and the soft tissue 
long-term esthetic results [12]. Furthermore, it 

has been shown that implants placed buccally 
with a thinner biotype have a greater likelihood 
of gingival recession [13,14]. Precise evaluation 
of the underlying bone thickness (BT) and GT 
during implant treatment planning is crucial to 
avoid soft tissue dehiscence and exposure of the 
implant surface [15]. 

Many methods, including cone-beam 
computed tomography (CBCT), probe 
translucency method, direct technique 
(DT)/transgingival probing, and 
ultrasonographic devices, have been used to 
quantify the GT [16–18]. Despite being 
inexpensive and simple to apply, the DT has 
limitations that make it unsuitable for use around 
multiple teeth. CBCT is the most widely used 
technique for measuring the BT with great 
precision [19–21]. However, visualization of soft 
tissue is limited because of its poor resolution and 
contrast [22]. The shortcomings of the 
aforementioned techniques for measurement of 
GT and BT call for more research in this field.  

Digital intraoral scanners allow data to be 
directly collected from the oral cavity and are 
widely employed in dentistry. When compared to 
traditional approaches, digital intraoral scanner 
images acquired as stereolithographic (STL) files 
offer higher resolution with more accurate soft 
tissue outlines, making them suitable for use as a 
diagnostic tool for evaluation of periodontal 
phenotype [23, 24]. However, no agreement has 
yet been achieved on the use of digital intraoral 
scanners for soft tissue evaluation. Thus, the 
objective of the current study was to evaluate the 
precision of periodontal phenotype assessment 
by using the digital technique in comparison with 
the conventional DT. 
 
Materials and Methods 

Study design and ethical approval: 
This cross-sectional study was carried out 

according to the STROBE guidelines. The 
Institutional Ethical Committee accepted the 
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study protocol (No- IECVDC/23/PG01/PI/IVV/ 
96), which followed the 2013 Helsinki 
Declaration. 
Sample size: 

The sample size was calculated to be 30 using 
G Power 3.1.4 software assuming a study power 
of 0.80, an alpha level of 0.05, and an effect size of 
0.623 based on GT as the primary outcome 
variable. The study included participants who 
visited the Department of Periodontics and 
Implantology from April 2023 to November 2023. 
Written informed consent was obtained from 
each patient; they also gave their consent to 
undergo CBCT for diagnostic purposes (not 
related to this study). 
Inclusion criteria: 

A total of 55 patients were initially evaluated; 
out of which, 30 participants were included. The 
inclusion criteria were age range of 20 to 50 
years, participants with periodontal health 
(intact periodontium and reduced periodontium) 
as classified by the World Workshop on the 
Classification of Periodontal and Peri-Implant 
Diseases and Conditions in 2017, and 
systemically healthy subjects with no signs of 
inflammation, infection, or periapical pathology 
[25]. Participants with uncontrolled systemic 
diseases, signs of gingivitis altering the size of 
gingiva, chronic smokers, pregnancy, puberty and 
nutritional deficiencies, patients on drugs that 
could alter the gingiva and bone morphology, 
presence of any bone disorders or infectious 
diseases (HIV, hepatitis B, or hepatitis C), and 
those undergoing radiation therapy were 
excluded from the study. Presence of tooth-
related factors such as presence of traumatic 
occlusion, crowding or improper alignment of 
teeth, previous history of orthodontic treatment, 
endodontically treated teeth, and presence of 
implants in the location of interest were also 
among the exclusion criteria. 
Periodontal phenotype assessment: 

One single calibrated examiner performed all 
the measurements. Prior to the onset of the study, 
periodontal phenotype assessment was done for 

5 participants who were not included in the 
current study by a single examiner using both 
techniques at two intervals, one day apart. GT and 
BT measurements were considered reproducible 
if they had a variability of < 5% in ≥ 95% of the 
recordings [25]. The intra-examiner correlation 
coefficient (k=0.84) was considered reliable. 
GT measurement by the DT: 

The gingiva of both the maxillary and 
mandibular teeth was used for the 
measurements. Two measurements at 2 mm and 
4 mm apical to the alveolar bone crest by 
transgingival probing through the gingival sulcus 
were made for each of the maxillary and 
mandibular molar, premolar, and incisor teeth. 
The measurements were made on the mid-buccal 
region perpendicular to the tooth axis. 

The gold standard measurement was the 
transgingival clinical measurement using the DT 
[26, 27]. The anesthetic gel containing 2% 
lidocaine (Lignox 2%A; Indoco Remedies Ltd., 
India) was first applied with a sterile cotton swab. 
Subsequently, one minute was allowed before a 
#20 stainless-steel hand K-file (Mani Co., Ltd., 
Japan) fitted with a rubber stop was introduced 
into the gingiva at 2 mm and 4 mm apical to the 
alveolar bone crest in the mid-buccal area of the 
mandibular and maxillary molar, premolar, and 
incisor teeth. The file was removed from the 
gingiva after the rubber stop was secured over 
the gingival surface. GT was measured by 
measuring the distance from the file tip to the 
rubber stop using a digital caliper (Themisto TH-
M61 Digital Vernier Caliper, Themisto, India) 
(Figure 1).  
BT measurement on CBCT scans: 

BT was measured on CBCT scans. The lips and 
cheeks were pulled back using a sterile plastic 
retractor before scanning (Soredex, Cranex 3D, 
Biotech innovations Ltd). On Demand software 
was used for image reconstruction. The labial BT 
of each tooth was measured in the sagittal plane 
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at 2 mm and 4 mm distances apical to the alveolar 
crest in the mid-buccal aspect, perpendicular to 
the tooth axis (Figures 2 and 3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. GT measurement using DT technique 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. CBCT evaluation of buccal BT at 2 mm apical to the 
alveolar bone crest 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. CBCT evaluation of buccal BT at 4 mm apical to the 
alveolar bone crest 

GT and BT measurements using the digital 
technique:  

After obtaining the hard tissue images by 
CBCT and oral soft tissue images by the digital 
intraoral scanner, GT and BT were evaluated. 
Prior to intraoral scanning, the teeth and gingival 
surfaces were cleaned and dried using cotton 
pellets and cotton rolls to prevent moisture 
accumulation during scanning [28]. Patients were 
instructed to avoid head movements during 
intraoral scanning. A skilled operator scanned the 
whole mandibular and maxillary teeth as well as 
the labial and palatal gingival tissues using an 
intraoral scanner (Medit i700; Seoul, South 
Korea). After conversion to STL format, the scan 
data were compared with the CBCT data. Using a 
best-fit algorithm of the MEDIT LINK software, 
three highly radiopaque and moderately stable 
anatomical locations on the teeth were selected 
as fiducial markers. These sites served as 
references to superimpose the STL files on the 
CBCT images. On the labial side, the soft tissue 
outline was evident as a pink line. GT was defined 
as the distance between the tooth surface or the 
alveolar bone surface and the gingiva. At the mid-
buccal aspect perpendicular to the tooth axis, 
labial GT and BT measurements were made at 2 
mm and 4 mm distances apical to the alveolar 
crest (Figures 4 and 5). 
Statistical analysis: 

Data were analyzed using SPSS version 25.0 
(IBM SPSS, IBM Corp., Armonk, NY, USA), and 
tables were drawn using Microsoft Word and 
Excel. The normality of the data distribution was 
analyzed by the Shapiro-Wilk test, which showed 
that the data were normally distributed. The 
mean and standard deviation values were 
reported for descriptive findings. Inferential 
statistical analyses were done using the Student's 
t-test and Pearson’s correlation coefficient.  For 
all analyses, a P value of less than 0.05 was 
deemed statistically significant. 
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Figure 4. Buccal BT measurement at 4 mm apical to the 
alveolar crest using the digital technique 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. GT measurement at 2 mm apical to the alveolar 
crest using the digital technique 

 
Results 

A total of 30 participants comprising of 18 
males and 12 females, were selected (Figure 6, 
STROBE Flow chart). The age of the participants 
ranged from 29 to 48 years, and their mean age 
was 36.2±13.2 years. A total of 180 teeth 
including tooth numbers 16, 24, 21, 36, 41, and 
44, were assessed in 30 participants. 

The mean GT2 values tooth-wise were the 
highest at the first molar region with a mean GT 

of 2.68±0.33 mm and 2.18±0.38 mm at the site of 
tooth #36 and #16, respectively. Similarly, the 
mean GT4 measurements were the highest for the 
first molar region which was 2.05±0.41 mm and 
1.78±0.40 mm at the site of tooth #36 and #16, 
respectively, using the DT. The lowest GT was 
recorded at the mandibular incisor region which 
was 1.27±0.35 mm and 0.93±0.37 mm at GT2 and 
GT4, respectively using the DT. Tooth-wise 
comparison of GT2 and GT4 measurements 
between the DT and digital groups showed very 
high (r>0.8) to moderate (r>0.4) correlation 
according to Pearson’s correlation coefficient for 
all the included teeth (Table 1). 

Tooth-wise comparison of BT between the DT 
and modified CBCT groups showed the greatest 
BT at the site of tooth #16 region which was 
1.74±0.46 mm and 1.58±0.58 mm for BT2 and 
BT4, respectively. The lowest BT was seen at the 
site of tooth #41 with a mean value of 1.20±0.20 
mm and 1.17±0.28 mm for BT2 and BT4, 
respectively. Tooth-wise comparison of BT2 and 
BT4 measurements between the DT and modified 
CBCT groups showed very high correlation 
(r>0.8) for most of the included teeth. The 
correlation between DT and DGT in BT was highly 
significant (P=0.00) for all the included teeth 
(Table 2). 

Overall assessment of GT using different 
techniques showed greater GT2 values i.e., 
1.87±0.62 mm and 1.92±0.61 mm using the DT 
and digital technique, respectively, compared to 
GT4 values i.e., 1.39±0.55 mm and 1.51±0.53 mm 
using the DT and digital techniques, respectively 
with a highly significant correction between the 
two techniques at GT2 (r=-0.876, P=0.00) and 
GT4 (r=-0.884, P=0.00). Similarly, the BT values 
showed a high correlation between the two 
groups at BT2 (r=-0.823, P=0.00) and BT4 (r=-
0.756, P=0.00) (Table 3).  

Tooth-wise assessment of GT between the 
reduced and non-reduced healthy periodontium 
groups showed a highly significant difference in 
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GT2 and GT4 values in teeth #21 (P=0.001, 
P=0.000), #41 (P-0.00, P=0.00), #44 (P=0.00, 
P=0.00), and #24 (P=0.005, P=0.002) regions. No 
significant difference in GT was found between 
the reduced and non-reduced periodontium in 
tooth #16 (P=0.07, P=0.14) at GT2 or GT4 (Table 
4). Tooth-wise assessment and comparison of BT 
between the reduced and non-reduced 
periodontium using the digital technique showed 

a significant difference in BT2 and BT4 at teeth 
#41, 44, and 16, with a lower BT in reduced 
periodontium (Table 5). Overall assessment and 
correlation of GT and BT between the reduced 
and non-reduced periodontium showed a 
significant difference only at GT2 (P=0.046) with 
lower thickness in reduced periodontium 
(1.71±0.65 mm) compared to non-reduced 
periodontium (2.10±0.53 mm; Table 6).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. STROBE flow diagram  
 
Table 1. Tooth-wise assessment and correlation of different techniques regarding GT 
 

Tooth number Method GT2 (mean±SD) r value P value GT4 (mean±SD) r P value 

16 DT 2.18±0.38 0.85 0.00** 1.78±0.40 0.79 0.00** DGT 2.26±0.38 1.79±0.39 

24 DT 1.69±0.42 0.85 0.00** 1.14±0.32 0.56 0.01* DGT 1.74±0.42 1.35±0.32 

21 DT 1.84±0.49 0.94 0.00** 1.27±0.41 0.88 0.00** DGT 1.94±0.52 1.40±0.36 

36 DT 2.68±0.33 0.36 0.045* 2.05±0.41 0.71 0.00** DGT 2.62±0.49 2.21±0.49 

41 DT 1.27±0.35 0.84 0.00** 0.93±0.37 0.79 0.00** DGT 1.41±0.28 1.08±0.30 

44 DT 1.58±0.56 0.74 0.00** 1.17±0.43 0.91 0.00** DGT 1.55±0.57 1.24±0.33 
 
DT: Direct technique; DGT: Digital technique; GT2: Gingival thickness at 2 mm apical to the alveolar crest; GT4: Gingival thickness at 4 mm 
apical to the alveolar crest; SD: Standard deviation 
*- P<0.05 i.e., statistically significant; **- P<0.001 i.e., highly statistically significant; P value is based on paired t-test; r value is based on 
Pearson’s correlation coefficient. 
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Table 2. Tooth-wise assessment and correlation of different techniques regarding BT 
 

Tooth number Method 
BT2 

(mean±SD) 
R value P value 

BT4 
(mean±SD) 

r P value 

16 
CBCT 1.74±0.46 

0.93 0.00** 
1.58±0.58 

0.96 0.00** 
DGT 1.78±0.42 1.64±0.53 

24 
CBCT 1.40±0.25 

0.90 0.00** 
1.35±0.39 

0.81 0.00** 
DGT 1.43±0.21 1.46±0.36 

21 
CBCT 1.41±0.24 

0.75 0.00** 
1.06±0.17 

0.07 0.70* 
DGT 1.48±0.24 1.40±0.43 

36 
CBCT 1.51±0.28 

0.45 0.012* 
1.50±0.54 

0.82 0.00** 
DGT 1.63±0.40 1.65±0.60 

41 
CBCT 1.20±0.20 

0.69 0.00** 
1.17±0.28 

0.49 
0.05* 

DGT 1.26±0.19 1.21±0.18  

44 
CBCT 1.17±0.32 

0.79 0.00** 
1.42±0.31 

0.77 
0.00** 

DGT 1.30±0.29 1.49±0.29  
CBCT: Cone-beam computed tomography; DGT: Digital technique; BT2- BT at 2 mm apical to the alveolar crest; BT4: Bone thickness at 4 mm 
apical to the alveolar crest; SD: Standard deviation; *- P<0.05 i.e., statistically significant; **- P<0.001 i.e., highly statistically significant; 
P-value is based on paired t-test; r-value is based on Pearson’s correlation coefficient. 
 
Table 3. Overall assessment and correlation of GT and BT using different techniques 
 

GT/BT Technique Mean ±SD P Value r value 

GT2 
DT 1.87±0.62 

0.00** 0.876 
DGT 1.92±0.61 

GT4 
DT 1.39±0.55 

0.00** 0.884 
DGT 1.51±0.53 

BT2 
CBCT 1.40±0.35 

0.00** 0.823 
DGT 1.48±0.35 

BT4 
CBCT 1.35±0.44 

0.00** 0.756 
DGT 1.47±0.44 

DT: Direct technique; DGT- Digital Technique; GT2: Gingival thickness at 2 mm apical to the alveolar crest; GT4: Gingival thickness at 4 mm 
apical to the alveolar crest; BT2- Bone thickness at 2 mm apical to the alveolar crest; BT4- Bone thickness at 4 mm apical to the alveolar crest.*- 
P<0.05 i.e., statistically significant; **- P<0.001 i.e., highly statistically significant; P value is based on Paired t-test; r value is based on Pearson’s 
correlation coefficient. 
 
Table 4. Tooth-wise assessment and comparison of GT between reduced and non-reduced periodontium using digital 
technique   
 

Tooth Periodontium GT2 (mean±SD) P value GT4 (mean±SD) P Value 
16 Reduced 2.12±0.38 0.07 1.71±0.41 0.14 
 Non-Reduced 2.30±0.36  1.85±0.37  
24 Reduced 1.56±0.49 0.005* 1.10±0.36 0.002* 
 Non-Reduced 1.58±0.28  1.37±0.26  
21 Reduced 1.65±0.48 0.001* 1.06±0.32 0.000** 
 Non-Reduced 2.09±0.44  1.57±0.27  
36 Reduced 2.57±0.42 0.16 2.00±0.46 0.03* 
 Non-Reduced 2.72±0.40  2.25±0.43  
41 Reduced 1.13±0.22 0.00** 0.80±0.28 0.00** 
 Non-Reduced 1.51±0.29  1.19±0.28  
44 Reduced 1.21±0.48 0.00** 0.98±0.37 0.00** 
 Non-Reduced 1.88±0.43  1.40±0.27  

DGT- Digital Technique; GT2- Gingival thickness at 2 mm apical to the alveolar crest; GT4- Gingival thickness at 4 mm apical to the alveolar 
crest; *- P<0.05 i.e., statistically significant; **- P<0.001 i.e., highly statistically significant; P value is based on independent sample t-test 
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Table 5. Tooth-wise assessment and comparison of BT between the reduced and non-reduced periodontium using the digital 
technique   
 

Tooth Reduced/Non-
reduced BT2 (mean±SD) P value BT4 (mean±SD) P value 

16 Reduced 1.60±0.45 0.008* 1.47±0.57 0.05 Non-Reduced 1.90±0.38  1.74±0.50 

24 Reduced 1.35±0.18 0.05 1.36±0.37 0.41 Non-Reduced 1.47±0.26  1.44±0.38 

21 Reduced 1.40±0.31 0.18 1.17±0.43 0.22 Non-Reduced 1.48±0.15  1.29±0.29 

36 Reduced 1.58±0.41 0.94 1.54±0.65 0.73 Non-Reduced 1.57±0.29  1.60±0.50 

41 Reduced 1.16±0.22 0.006* 1.11±0.19 0.02* Non-Reduced 1.30±0.14  1.25±0.25 

44 Reduced 1.18±0.34 0.23 1.33±0.33 0.003* Non-Reduced 1.28±0.28  1.56±0.23 
DGT- Digital Technique; BT2- Bone thickness at 2 mm apical to the alveolar crest; BT4- Bone thickness at 4 mm apical to the alveolar crest.  
*- P<0.05 i.e., statistically significant; **- P<0.001 i.e., highly statistically significant; P value is based on independent sample t-test 
 
Table 6. Overall assessment and correlation of GT and BT between the reduced and non-reduced periodontium 
 

GT/BT Periodontium Mean±SD P value 

GT2 Reduced 1.71±0.65 0.046* Non-reduced 2.10±0.53 

GT4 Reduced 1.27±0.56 0.130 Non-reduced 1.64±0.49 

BT2 Reduced 1.38±0.37 0.092 Non-reduced 1.52±0.34 

BT4 Reduced 1.33±0.47 0.325 Non-reduced 1.47±0.43 
GT2- Gingival thickness at 2 mm apical to the alveolar crest; GT4- Gingival thickness at 4 mm apical to the alveolar crest; BT2- Bone thickness 
at 2 mm apical to the alveolar crest; BT4- Bone thickness at 4 mm apical to the alveolar crest. 
*- P<0.05 i.e., statistically significant; **- P<0.001 i.e., highly statistically significant; P value is based on independent sample t-test 
 

Discussion  
The gold standard for determining the GB has 

traditionally been the direct measurement of soft 
tissue around teeth and implants with 
endodontic files or probes. Despite being a 
straightforward, dependable, and widely utilized 
procedure, the DT is problematic because of its 
invasive nature.  Previous research has examined 
the use of alternative non-invasive techniques, 
including ultrasonography to measure the GT 
[29]. However, it might be difficult to rely on such 
a technique and use it easily, particularly in the 
posterior region. The non-invasive, reliable, and 
predictable characteristics of the digital 
superimposition approach have been recently 
validated.  

Tooth-wise comparisons of GT between the 
DT and digital groups revealed a very high (r>0.8) 
to moderate (r>0.4) correlation indicating the 
validity of DICOM-STL superimposition as a 
diagnostic tool for soft tissue evaluation. A highly 
significant correlation was seen between the DT 
and digital technique for overall GT 
measurements at GT2 and GT4. A reliable and 
reproducible technique for digital measurement 
of the GT is the STL-DICOM file superimposition 
approach, which is similar to direct transmucosal 
probing approach with an endodontic spreader. A 
previous study examined the relationships 
between GT and BT along with other factors in 
different types of teeth (canines, lateral, and 
central incisors) using a digital approach. The BT 
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and GT at the alveolar crest level had a significant 
correlation [28]. In contrast to earlier research, 
the present study included incisors, premolars, 
and molars in both arches. This was done to 
reduce bias and evaluate associations between all 
tooth types.  

The significant agreement between the DT and 
digital technique, as noted in an earlier study by 
Couso-Queiruga et al. [30] in 2021, was one of the 
key findings of the present study. Since soft tissue 
analysis on CBCT scans may not be able to 
distinguish between gingival tissue and the facial 
vestibule due to factors like collapsed vestibules 
(i.e., overlapping of lip/cheek) in most cases, soft 
tissue thickness measurements on CBCT images 
were not included in the present study. 

Tooth-wise comparison of CBCT and digital 
groups regarding BT2 and BT4 data revealed a 
very strong correlation for the majority of the 
included teeth. Similarly, overall BT values at BT2 
and BT4 revealed strong correlations between 
the groups. Many studies that found a favorable 
link between GT and labial BT did so by 
measuring the GT at the supracrestal level and BT 
under the alveolar crest [31,32]. Additionally, 
comparisons were not made at the same levels in 
their study. In order to compare with earlier 
research, the correlation between the GT and BT 
was analyzed at two distinct depths (GT2, GT4, 
BT2, and BT4). A prior study assessed the 
association at several depth levels, ranging from 
0 to 5 mm, and discovered a strong correlation at 
all depths, especially at the canine and lateral 
incisor teeth [28]. A cross-sectional study by 
Mascardo et al. [33] in 2024 evaluated the risk 
indicators associated with mid-facial gingival 
recession in the esthetic zone using the digital 
technique and high frequency ultrasonography 
and reported that ultrasonography may be 
preferred for a non-invasive periodontal 
phenotype assessment. However, the same may 
not be applicable to posterior regions due to the 

difficulty in utilizing of ultrasonography 
transducer in the posterior areas.  

When compared to direct clinical 
measurements, the primary drawback of digital 
measurements may be that it takes longer to 
collect the datasets and conduct the actual 
assessments. To prevent measurement errors, 
the files must also be suitably combined, and a 
careful evaluation procedure that calls for 
experience and training must be followed. It is 
possible for digital measurements to have some 
errors, which may result in data that are not 
trustworthy. But it is important to recognize that 
these issues are typically related to the usage of 
subpar digital data (such as artifacts), insufficient 
file processing, and an inaccurate or non-
standardized radiographic technique. 

 
Conclusion 

The results showed that periodontal 
phenotype measurement using the digital 
technique with superimposed files is a reliable 
and reproducible technique that may be 
comparable to direct transmucosal probing 
performed with an endodontic spreader. 

 
Clinical significance 

In clinical practice, STL-CBCT file 
superimposition-based evaluations may be 
utilized as a non-invasive, reliable, and 
reproducible substitute for invasive methods for 
assessment of the necessity of periodontal and 
peri-implant phenotype alteration during 
treatment planning and maintenance. It can also 
be used to reliably analyze soft tissue changes 
over time to determine the outcomes of 
mucogingival surgery in research settings. 
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