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Background: Two clinical parameters, the gingival thickness (GT) and the width of keratinized tissue (WKT), describe the gin-
gival phenotype, which is defined as the 3-dimensional volume of the gingiva. The periodontal phenotype ad-
ditionally includes the thickness of the labial plate of the alveolar crest (TLPAC).

Material/Methods: Thirty patients with healthy periodontium on the upper canines and incisors underwent measurements for crest-
al, supracrestal, free gingival thickness (FGT), the alveolar crest-gingival margin (AC-GM), alveolar crest-cemen-
toenamel junction distance, and the TLPAC at 2, 4, and 8 mm apically from the edge of the alveolar crest using
cone-beam computed tomography (CBCT) with computer-aided design and prosthetic-driven implant planning
technology. For each tooth, the gingival and periodontal phenotype was evaluated on the basis of the gingival
thickness, width of keratinized tissue (WKT), and TLPAC measurements. Each patient’s periodontal phenotype
was evaluated according to the coronal width/length ratio of both the upper central incisors.

Results: The dentogingival units had varying average values for the 3 periodontal phenotypes (thin phenotype: FGT
0.65+0.06 mm, WKT 4.85+1.18 mm, AC-GM 3.17+0.64 mm, TLPAC2 0.66+0.28 mm; medium phenotype: FGT
0.87+0.07 mm, WKT 5.49+1.23 mm, AC-GM 3.36+0.65 mm, TLPAC2 0.76+0.37 mm; and thick phenotype: FGT
1.20 mm, WKT 6.00 mm, AC-GM 3.90 mm, TLPAC2 0.90 mm). Positive correlations were seen among WKT, FGT,
AC-GM, and TLPAC2.

Conclusions: Positive correlations between the FGT and WKT, and the AC-GM distance confirm that measurements using
CBCT with computer-aided design and prosthetic-driven implant planning technology can evaluate the gingi-
val phenotype and TLPAC2 for the periodontal phenotype.
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Background

Two clinical parameters, the gingival thickness (GT) and the width
of keratinized tissue (WKT), describe the gingival phenotype,
which is defined as the 3-dimensional volume of the gingiva [1,2].
Determination of the gingival and periodontal phenotypes can
be useful while planning implantological and orthodontic treat-
ment, where radiological diagnostics are required. The peri-
odontal phenotype additionally includes the thickness of the
labial plate of the alveolar crest (TLPAC). Phenotype assess-
ment should be performed when the periodontium is healthy.
Assessment of the gingival phenotype has been carried out with
the use of visual methods [3], using the gingival transparency
method while probing the gingival grooves with a periodon-
tal probe [4-6], transparency and shape of the upper incisor
crowns, height of the gingival papillae, width of the keratinized
tissue (WKT) [7-10] and recently, by using Colorvue periodontal
probes [11]. The gingival phenotype can be determined more
precisely using biometry of the WKT and GT.

The GT thickness can be measured with the use of invasive
methods such as a needle, an endodontic tool, or a periodon-
tal probe, or with the use of radiological methods like paral-
lel profile radiographs and cone-beam computed tomography
(CBCT) [12-16]. Noninvasive methods include using an ultra-
sonic device and optical coherence tomography [13,16-20].
Measurements of the WKT are most often carried out using a
periodontal probe calibrated every 1 mm [20]. Radiological im-
ages obtained by computed tomography scans are increasingly
assessed while planning dental treatment [7,21-25]. Scientists
have begun to use 3D visualization for assessment of the peri-
odontal phenotype using the CBCT method. The authors em-
phasize that it is an examination with high validity and accu-
racy [22,23,25,26]. It allows assessment of the dimensions of
the TLPAC; however, determining the parameters of soft tissues
was often impossible due to their adhesion to the lips, cheeks,
and tongue [27,28]. Kobayashi et al. emphasized that the low
resolution and contrast in CBCT scanning makes it impossible
to assess the soft tissues [28]. Januario et al. used plastic lips,
cheeks, and the tongue retractor for measuring the gingival
thickness and the cementoenamel junction (CEJ) to marginal
gingival distance in the method they named, ‘soft-tissue cone-
beam computed tomography’ (ST-CBCT) [27].

The computer-aided design (CAD)/computer-aided manu-
facturing (CAM) technology is used at the stage of prosthet-
ic design and reconstruction, and in design and fabrication
of the zirconia dental root analogue implants after tooth ex-
traction [23,29]. The possibility of intraoral scanning of teeth
as well as the surface of the oral cavity’s mucous membrane
with the use of a 3D camera has been useful in the volumet-
ric assessment of the results of gingival thickening after aug-
mentation procedures [30,31].
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Automatic, computer-aided combining of 3D visualizations of
the jaw bone and teeth, and the scanning of teeth and oral cav-
ity soft tissues is possible with the recently developed PDIP®
software (Prosthetic-driven Implant Planning, Carestream
Health, France) [32]. The implant planning software superim-
poses the standard tessellation language (STL) files generat-
ed by intraoral scanning and the DICOM (Digital Imaging and
Communications in Medicine) files generated by CBCT imag-
ing. In addition to its basic application in implant prosthetic
treatment planning (recommended by the manufacturer), it
obtains the image of the hard tissues in each dentogingival
unit of the patient as well as the outline of the surface of soft
tissues that cover them. This, in turn, allows soft tissue thick-
ness measurements at specific points. 3D tomographic imag-
ing additionally allows distance measurements between the
edge of the alveolar crest bone and the cementoenamel junc-
tion of the tooth (AC-CEJ), and the gingival margin (AC-GM),
and identification of possible dehiscence or fenestration of the
alveolar crest as well as measurement of the TLPAC and the
size of the anatomical and clinical crowns.

The research hypothesis assumed that the assessment of the
patient’s periodontological phenotype based only on the av-
erage clinical crown width/length ratio (CW/CL) value of the
upper central incisors according to Olsson and Linde [3] is un-
reliable, and the best method is to determine the phenotype
for a patient’s particular gingival unit. It was decided to de-
termine the usefulness of the CBCT/CAD PDIP method in this
regard. Therefore, the purpose of the study was to check the
validity of assessing the periodontological phenotype by these
methods and to assign measurement values obtained from the
CBCT/CAD PDIP study of each dental-gingival unit to the pa-
tient’s phenotype determined according to the average CW/
CL ratio of the upper central incisors.

Tests were performed to evaluate the periodontal phenotype,
namely the gingival phenotype, and to carry out additional mea-
surements of the TLPAC in the maxillary anterior teeth using
CBCT/CAD and PDIP technology. Additionally, a correlation was
sought between the attached supracrestal tissue width, name-
ly the AC-CEJ distance and AC-GM, and the remaining param-
eters determining the periodontal phenotype.

Material and Methods

Patient selection

The study had 30 volunteer patients; 16 males and 14 females,
who provided written consent for participation. All the patients
had indications for CBCT imaging for diagnostic purposes; to
establish a dental treatment plan in 29 cases (6 patients be-
fore implant treatment, 9 patients before surgical treatment
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Figure 1. 3D visualization after superimposing the standard tessellation language files generated by intraoral scanning and Digital
Imaging and Communications in Medicine files generated by cone-beam computerized tomography imaging using PDIP®
software (Prosthetic-driven Implant Planning, Carestream Health, France).

of wedged teeth, 14 patients for assessment of the periodon-
tological phenotype before orthodontic treatment) and 1 case
for evaluation after endodontic and implant prosthetic treat-
ment [33]. Clinical and radiological studies were conducted in
the Specialist Outpatient Medical Clinic MEDIDENT, Gorlice,
Poland. The average age of the patients was 34 years (range
24-54 years). Inclusion criteria for participating patients was
a lack of general diseases, good oral hygiene, approximal
plaque index ratio <15%, healthy periodontium, bleeding on
probing <10%, no loss of clinical attachment (CAL) in the ex-
amined sites (CAL=0), no use of drugs that could influence the
structure of the periodontal tissues, no addictions, especially
nicotinism, no use of removable prosthetic restorations and
orthodontic appliances, and no contraindications for X-ray ex-
aminations. The study was conducted in accordance with the
1975 Declaration of Helsinki as revised in 2000. The study was
approved by the Ethics Committee of the Wroclaw Medical
University (No. KB-245/2018).

Cone-beam computed tomography/computer-aided design
and clinical measurements

The CBCT/CAD measurements were carried out using the CS
8100 3D Access tomography device (Carestream Dental, France)
and the 3D CS 3600 intraoral scanner (Carestream Dental,
France) with the use of the PDIP software (Carestream Dental,
France). All CBCT examinations were performed at 90 kV and
3.20 mA for 15 s (voxel size 150 mm; grey scale 15 bit; focal
spot 0.6 mm:; field of view 80x90 mm). The OnDemand 3D
software package (KaVo, Brea, California, United States) was
used for image reconstruction and visual analysis (Figure 1).

For each patient, 6 dentogingival units were examined, mak-
ing a total of 180 upper canines and incisors. The probing
depth (PD), CAL, and WKT were examined in each dentogingi-
val unit using a periodontal probe calibrated every 1 mm (UNC
15, Hu Friedy, USA). Using the CBCT/CAD and PDIP technolo-
gy, the researchers measured free gingival thickness (FGT) as
a distance between the surface of the gingiva and the sur-
face of the tooth root halfway between the CEJ and the mar-
ginal gingiva; supracrestal gingival thickness (SGT) as a dis-
tance between the surface of the gingiva and the surface of
the tooth root at a distance of 1 mm apically from the CEJ; and
crestal gingiva thickness (CGT) as a distance between the sur-
face of the gingiva and the bone at a distance of 1 mm from
the edge of the alveolar crest, perpendicular to these surfac-
es (Figure 2). The TLPAC was measured in a plane perpendic-
ular to the tooth axis, midbuccal from the inner to the labial
surface of the bone of the alveolar crest. The TLPAC was mea-
sured at 3 points: 2 mm, 4 mm, and 8 mm from the margin
of the labial plate of the alveolar crest in the apical direction
(Figures 3-5). Moreover, the section between the edge of the
alveolar crest and the gingival margin, (AC-GM) and the ce-
mentoenamel junction (AC-CEJ) was measured in compatibility
with the direction of the tooth axis (Figure 6). Figure 7 shows
the final visualization of the radiological measurements of the
evaluated parameters.

The clinical crown length (CL) of both upper central incisors as
a distance between the gingival margin in the zenith point, and
the incisal edge and the clinical crown width (CW) as the mesio-
distal distance at the level of one-third the crown length, was
measured in each patient using orthodontic calipers with an
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Figure 2. Measurements of the free gingival thickness, marginal gingiva, supracrestal, and crestal gingival thickness of dentogingival
unit 13.

Figure 3. Measurement of the thickness of the labial plate of the alveolar crest at 8 mm of dentogingival unit 13.

accuracy of 0.01 mm. The CW/CL ratio was obtained by divid- crown form, N group), and if it was >0.8, it was considered thick
ing the average value of the CW by the average value of the CL. (square-wide crown form, W group). For each dentogingival unit,
the gingival phenotypes were determined on the basis of gingi-
For each patient, the periodontal phenotype was evaluated val thickness (GT) measurements made using the CBCT/CAD and
based on the shape of both the upper central incisors, namely PDIP methods. GT <0.7 mm: thin gingival phenotype; GT >0.7 mm
their ratio CW/CL. If the value of the CW/CL was <0.8, the pa- <1.0 mm: medium gingival phenotype; and GT >1.0 mm: thick
tient’s periodontal phenotype was considered thin (long-narrow gingival phenotype, for each examined point (FGT, SGT, CGT).
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Figure 5. Measurement of the thickness of the labial plate of the alveolar crest at 2 mm of dentogingival unit 13.

As it is possible to determine the vertical and horizontal di-
mensions of the medial incisal teeth in the jaw, and also in
CBCT/CAD and PDIP imaging, it was decided that the degree
of reliability of the first method measurements would be de-
termined on the basis of these measurements and clinical
measurements made using an orthodontic caliper (criterion
standard). In both the methods, 2 measurements were made.
In the CBCT/CAD and PDIP method, intra-examiner reliabili-
ty was 96.7% for CL and CW values, and in the second meth-
od 95% and 96.7%, respectively. Intra-examiner reliability be-

All measurements were performed by one researcher (WB)
with 30 years of clinical experience, and experienced in using
the intraoral scanner and 3D software.

Statistical analysis

Continuous data in all groups were stated as median, and low-
er and upper quartiles (M [25Q+75Q]) for non-normally distrib-
uted variables or as mean and standard deviation (mean+SD)
for normally distributed variables.
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13.

Figure 7. The final visualization of the radiological measurement of evaluated parameters at dentogingival unit 13 without auxiliary

sections.

Statistical differences between independent groups were cal-
culated by ANOVA for groups with heterogeneous variance
or the nonparametric Mann-Whitney U test or Kruskal-Wallis
rank sum test (homogeneity of variance was verified using
Bartlett’s test).
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Table 1. Average values of the clinical parameters and CAD/CBCT visualization.

n Mean (mm)
AC-CEJ 180 2.23
~ acom 180 332
T 180 073
 TeAce 180 056
~ TPAcs 180 045
e 180 123
Cowkr 180 528
o 180 000
T 180 081
s 180 158
B 180 087

Min (mm) Max (mm) SD

1.10 4.50 0.58
"""""""""" 180 54 067
"""""""""" 030 200 034
"""""""""" 000 1% 031
"""""""""" 000 170 027
"""""""""" 050 200 043
"""""""""" 200 800 126
"""""""""" 000 000 000
"""""""""" 050 1% 019
"""""""""" 070 25 032
"""""""""" 030 170 025

AC-CEJ — alveolar crest-cementoenamel junction; AC-GM — alveolar crest-gingival margin; CAD/CBCT — computer-assisted design/cone
beam computed tomography; CAL — clinical attachment level; CGT — crestal gingival thickness; FGT — free gingival thickness;

n — number of teeth; PD — probing depth; SD — standard deviation; SGT — supracrestal gingival thickness; TLPAC2 — thickness of labial
plate of alveolar crest 2 mm below the edge; TLPAC4 — thickness of labial plate of alveolar crest 4 mm below; TLPAC8 — thickness of
the labial plate of alveolar crest 8 mm below; WKT — width of keratinized tissue.

Table 2. Average values of gingival thickness at 3 measurement points within the area of teeth 13-23 using CAD/CBCT.

CAD/CBCT — computer-assisted design/cone beam computed tomography; CGT — crestal gingival thickness; FGT — free gingival
thickness; SD — standard deviation; SGT — supracrestal gingival thickness.

using the statistical computer program package EPIINFO Ver.
7.1.1.14 (from 2 July 2013) (Centers for Disease Control and
Prevention, [CDC] Atlanta, Georgia, US).

Results

In all 30 patients, the clinical attachment was located at the CEJ
level (CAL=0) in each dentogingival unit. The mean PD value
for 180 teeth was 1.23+0.43 mm, and the mean value of the
WKT was 5.28+1.26 mm. The remaining mean values of the as-
sessed parameters displayed on the screen from the CBCT/CAD

visualization using the PDIP software are presented in Table 1.
The mean values were FGT 0.81+0.18 mm, SGT 1.58+0.32 mm,
and CGT 0.87+0.24 mm. Free gingiva at the upper left canines
was the thinnest, the mean value of FGT was 0.66+0.11 mm,
and supracrestal gingiva at the upper right central incisor was
the thickest at 1.79+0.23 mm (Table 2). The periodontal phe-
notype according to the CW/CL ratio of the upper central inci-
sors showed that only 9 (30%) patients were characterized as
the thin phenotype, and 21 (70%) patients as the thick phe-
notype. In the long-narrow crown form (N) group, the mean
value of FGT was 0.74+0.13 mm, SGT was 1.46+0.31 mm, and
CGT was 0.7940.25 mm. In the square-wide crown form (W)
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Table 3. Average values of gingival thickness at 3 measurement points within the teeth 13-23 using CAD/CBCT including division into

two phenotype groups.

N
MeanSD or M (25Q+75Q) [mm]

w
MeanSD or M (25Q+75Q) [mm]

Teeth 13-23 0.74+0.13 1.46+0.31 0.79+0.25 0.84+0.20* 1.63+0.31* 0.91+0.24*
AP 0.80 1.60 0.90 0.90 1.70 1.00
(0.70+0.90) (1.50+1.70) (0.60+1.00) (0.80+0.90) (1.60+1.90)* (0.90+1.20)
Lateral incisors 0.70 1.60 0.70 0.80 1.65 0.90
(0.60+0.80) (1.20+1.70) (0.70+0.90) (0.70+1.0)** (1.50+1.90) (0.80+1.10)*
Canines 0.70 1.40 0.70 0.75 1.40 0.80
(0.55+0.70) (1.20+1.40) (0.60+0.80) (0.60+0.80) (1.30+1.60) (0.60+0.90)

Table 4. Frequency and distribution of dento-gingival units in groups N and W depending on the free gingival thickness values

(Chi-square test).

FGT <0.7 mm

FGT >0.7 mm <1.0 mm

FGT — free gingival thickness; N — narrow group; n — number of teeth; W — wide group.

group, the mean values were 0.84+0.20 mm, 1.63+0.31 mm,
and 0.91+0.24 mm, respectively; the differences were statisti-
cally significant. While comparing the mean values of FGT, SGT,
and CGT between the N and W groups for particular groups of
teeth, statistically significant differences were seen only for
the SGT of the central incisors, and FGT and CGT of the ca-
nines (Table 3). Table 4 presents the frequency and distribu-
tion of dentogingival units in the N and W group, depending
on the scope of the FGT, SGT, and CGT values. In the W group
(126 dentogingival units), the FGT was >1 mm in 12 (9.52%)
cases, FGT >0.7 mm <1.0 mm in 72 (57.14%) cases, and FGT
<0.7 mm in 42 (33.33%) cases. In the N group (54 dentogin-
gival units), the FGT was >1 mm in 1 (1.85%) case, FGT >0.7
mm <1.0 mm in 20 (37.04%) cases, and the FGT <0.7 mm in
33 (61.11%) cases.

An analysis of correlations between the clinical and the radio-
logical parameters carried out for all 180 dentogingival units
showed statistical significance between the WKT, AC-GM, TLPAC
measured at 2 mm (TLPAC2) and 4 mm (TLPAC4) in the apical
direction from the edge of the bone and FGT. SGT confirms the
validity of establishing these parameters, which define the gin-
gival phenotype (WKT, GT, AC-GM) and the periodontal pheno-
type (TLPAC2 and TLPAC4), respectively (Table 5).

Allocation of the dentogingival units to the appropriate gingival
phenotypes on the basis of FGT measurements in accordance
with the patterns presented above were 7.22% (13 sites) as
the thick gingival phenotype, 51.11% (92 sites) as the medi-
um gingival phenotype, and 41.67% (75 sites) as the thin gin-
gival phenotype. On the basis of the SGT, the breakdown was
96.11% (173 sites) thick phenotype, 3.33% (6 sites) medium
phenotype, and 0.56% (1 site) thin phenotype. Therefore, a
comparison of the values of particular clinical and radiologi-
cal parameters in such phenotype groups was not conducted
because the numbers were too small for analysis. Based on
the CGT measurements, the thick gingival phenotype was de-
termined in 21.67% cases, the medium phenotype in 44.44%
cases, and the thin phenotype in 33.89% cases. No statistical-
ly significant differences were seen between the assessed pa-
rameters in the phenotype groups created based on the CGT
values (WKT, AC-CEJ, TLPAC2, TLPAC4, TLPACS8). However, sta-
tistically significant differences were seen between the AC-
GM thin and thick phenotypes (p=0.001), and the medium
and thick phenotypes (p=0.007).

In the thin gingival phenotype determined on the basis of FGT
values (Table 6), the mean value of the TLPAC2 was more api-
cal than the edge of the alveolar crest and equal to 0.66+0.28
mm, in the medium phenotype it was 0.76+0.38 mm, and in
the thick phenotype, the median was 0.90 mm (3.80+4.40 mm).
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Table 5. Spearman’s correlation for gingival thickness with reference to selected clinical and radiological parameters.

PD 0.16* 0.0319* 0.18* 0.0144* 0.01 0.852
Swkr 03 o 0000* 03 000" 002 o082
Ao 009 028 10 018 012 00969
CAcGM 0200 o 000007  032°  000001* 031" 000002*
TieAC2 o1 00134 033  000001* 001 0895
CTieAca o1 00133 028" 000016 003 0667
TieAcs 010 o198 007 0373 008 0307

AC-CEJ — alveolar crest-cementoenamel junction; AC-GM — alveolar crest-gingival margin; PD — probing depth; r — Spearman’s
correlation coefficient; TLPAC2 — thickness of labial plate of alveolar crest 2 mm below the edge; TLPAC4 — thickness of labial plate
of alveolar crest 4 mm below; TLPAC8 - thickness of the labial plate of alveolar crest 8 mm below; WKT — width of keratinized tissue.
* Statistical significance.

Table 6. Correlation analysis between clinical and radiological parameters in three periodontal phenotypes determined by free gingival
thickness measurements using CAD/CBCT.

MeanzSD or M Thin Thin/medium Medium (m:::\u'\;‘vﬁi:::y Thick (M:::I:I{I::‘ilt:ey
25Q+ <0. 7 <1. )
(25Q+75Q) [mm] (<0.7 mm) (ANOVA) (0.7 <1.0 mm) U test) (1.0 mm) U test)
4.85+1.18 X 5.49+1.23 N _ ”
WKT 51001(4.006.00 0.00078 6,00 (5100-6.00) 0.0114 6.00 (6.00+7.00) 0.00002
3.1740.64 3.3640.65 N
AC-GM D BT 0.0609 B OEERET) 0.00220 3.90 (3.80:4.40) 0.00022
2.3540.64 X 2.16£0.54 ,
AC-CEJ D G S 0.0378 D Lo ) 0.958 2.10 (1.90:2.30) 0.229
0.67+0.28 0.7740.37
TLPAC2 * 0572 * 12 190 (0.70:1.1 0213*
¢ 0.60 (0.50:0.90) 0.057 0.70 (0.50+0.90) 0.126 LD (@7=1,10) 0.0213
0.51+0.27 0.58+0.33 N
TLPAC4 0,50 {0.30-0.60) 0.104 0,50 (0.40:070) 0.0708 0.70 (0.50+0.80) 0.0115
TLPAC8 UETE 0.468 Ceaat2s 0.229 0.30 (0.30:0.40) 0.0861

0.40 (0.30+0.60)

0.40 (0.20+0.60)

AC-GM - alveolar crest- gingival margin; AC-CEJ — alveolar crest-cementoenamel junction; CAD/CBCT — computer-assisted design/cone
beam computed tomography; FGT — free gingival thickness; GT — gingival thickness; gr | = GT <0.7 mm, thin gingival phenotype;

gr Il = GT 0.7 mm <1.0 mm, medium gingival phenotype; gr Ill = GT >1.0 mm thick gingival phenotype; M — median; 25Q - lower
quartile; 75Q — upper quartile; SD — standard deviation; TLPAC2 — thickness of labial plate 2 mm more apical than the edge of the
alveolar crest; TLPAC4 — thickness of labial plate 4 mm more apical than the edge of the alveolar crest; TLPAC8 — thickness of labial
plate 8 mm more apical than the edge of the alveolar crest; WKT — width of keratinized tissue. Statistical significance (p<0.05):

* ANOVA; ** Mann-Whitney U test.

There was a statistically significant difference between the thin
and thick phenotypes with regard to TLPAC2 (p=0.021), and
between the thin and the medium phenotypes, it was on the
verge of significance (p=0.057). Similarly, the mean value of

the TLPAC4 in the thin phenotype was equal to 0.50+0.26 mm,

in the medium phenotype it was 0.44+0.28 mm, and in the
thick phenotype, the median was 0.70 mm (0.50+0.80 mm).

With regard to TLPAC4, the difference between the thin and
thick phenotypes was statistically significant (p=0.011). There
were no statistically significant differences between the gin-
gival phenotypes with regard to TLPACS.

The mean value of the AC-CEJ distance in the thin pheno-
type was 2.35+0.64 mm, in the medium phenotype it was
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2.16+0.54 mm, and in the thick phenotype the median was
2.10 mm (1.90 mm+2.30 mm). A statistically significant dif-
ference (p=0.037) was observed only between the AC-CEJ val-
ues in the thin and medium phenotypes. The average value of
the AC-GM distance was 3.17+0.64 mm in the thin phenotype,
3.36+0.65 mm in the medium phenotype, and the median was
3.90 mm (3.80+4.40 mm) in the thick phenotype. The differ-
ences in the AC-GM values between the thin and thick phe-
notypes, and the medium and thick phenotypes were statis-
tically significant (p=0.000, p=0.002, respectively). Differences
between the thin and thick phenotypes were on the verge of
significance (p=0.060).

Discussion

Olson and Lindhe reported that the biotype is influenced by
gingival thickness and the TLPAC, which is supposed to be cor-
related to the shape of the upper central incisors [3]. Values
close to 1.0 for the CW/CL ratio of the left upper central in-
cisors are supposed to indicate the thick periodontium bio-
type; and the thin and long clinical crowns indicate the thin
periodontium biotype. Among recent studies only Stein et al.
confirmed the existence of such correlations and the useful-
ness of the CW/CL ratio of the upper central incisors in deter-
mining the periodontal phenotype [14]. Other studies do not
confirm it [5,6,9,10]. The lack of usefulness of this method in
determining the periodontal phenotype was confirmed in a
similar way in our study as the necessity to assess each den-
togingival unit individually was proven. Although statistical-
ly significant differences between the values of FGT, SGT and
CGT in the phenotype groups created on the basis of the CW/
CL ratio were proven, the assessment of particular dentogingi-
val units in these groups did not show statistically significant
differences, except for the SGT of the central incisors and, the
FGT and CGT of the canines. In the group with the thick peri-
odontal phenotype (CW/CL ratio >0.08 mm), FGT was thicker
than 1 mm only in 9.52% of dentogingival units, and it was
thinner than 0.7 mm in 33.33% units.

Although the methods based on free gingival transparency while
probing are better, they are also subjective. The best method is
direct measurement of gingival thickness. Determining the phe-
notype based on the gingival thickness criterion is most often
GT <1 mm as the thin phenotype and GT >1 mm as the thick
phenotype [4,7,20], or GT <1.5 mm as the thin phenotype and
GT >2 mm as the thick phenotype [34]. In our study it was as-
sumed that the lower value for a thick gingiva was equal to 1
mm, and for a thin gingiva it was <0.7 mm. The difference be-
tween these values determined a gingiva of medium thickness.

There are large discrepancies regarding the location of gin-
gival thickness measurements. La Rocca et al. verified GT at
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1 mm from the gingival margin [35], Claffey et al. measured
it at 2 mm from the gingival margin [34], and Zucchelli et al.
used 1.5 mm from the gingival margin [36]. Using a periodon-
tal probe, Shah et al. measured GT in the middle of the kera-
tinized gingiva [20], and Ganji et al. measured it 3 mm from
the CEJ [22]. Some researchers take GT measurements at 2
or more sites [14,35,37-39]. La Rocca et al. measured gingi-
val thickness using the bone-sounding method at 3 points;
1 mm apically from the GM, 1 mm coronally from the muco-
gingival junction and at the midpoint [35]. Furtak et al. deter-
mined the points depending on the clinical parameters of each
dentogingival unit [38], which was reflected in this study, and
determined them as FGT, SGT, and CGT. While assessing the
thickness of the labial plate of the bone, Stein et al. proceed-
ed similarly using parallel profile radiographs [14].

Cone-beam computed tomography and noninvasive scanning
in combination with the PDIP software were used in our study.
The CBCT examination, despite using ionizing radiation, is an
accepted and safe method [25,27], and intraoral scanning is an
entirely noninvasive method. The authors also emphasize the
accuracy and validity of CBCT [24,25,27,35]. Icen et al. demon-
strated the importance of appropriate resolution settings, field
of view size, and voxel size for achieving optimal measurement
accuracy [40]. Studies have confirmed the effectiveness and
repeatability of linear measurements in CBCT imaging and in-
traoral scanners [40-42]. The precision of the results for the
CBCT and CAD scans is 0.2 mm [42], and the precision of the
linear measurements performed by the observer on CBCT are
0.0864 mm [41]. Use of CAD software compatible with the in-
traoral scanner is also recommended [43].

In our study, phenotypes were broken down according to the
FGT, SGT, and CGT values within the range <0.7 mm, >0.7 mm
<1.0 mm, and >1.0 mm as thin, medium, and thick pheno-
types, respectively. In the phenotype classification based on
SGT values, only 1 dentogingival unit was characterized as
the thin phenotype, 6 as the medium phenotype, and 173 as
the thick phenotype. Therefore, despite the presence of pos-
itive correlations between the parameters defining the peri-
odontal phenotypes and statistically significant differences
between the phenotypes created according to the SGT crite-
rion having been proven, we did not take them into account.
An attempt to create such a breakdown should be made with
a larger group. On the other hand, no statistically significant
differences were seen in the phenotype breakdown based on
the CGT values criterion, except with the AC-GM and the cor-
relations between them, which were proven while comparing
the assessed parameters. Therefore, only the phenotype break-
down based on the FGT criterion was considered.

Another parameter describing the gingival phenotype is the
WKT, which was measured clinically. Egreja et al. proved a
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positive correlation between the width of the keratinized gin-
giva (WKG) and the GT measured invasively in the upper cen-
tral and lateral incisors and canines in 60 patients aged 20-35
years [44]. Using a periodontal probe, Shah et al. measured the
WKG in 400 patients in the anterior region of the maxilla [20].
The mean value of the WKG was 4.38 mm for the central in-
cisors, 5.18 mm for the lateral incisors, and 4.11 mm for the
canines. The presence of a positive correlation between the
WKG and GT measured invasively using an endodontic tool
at the midpoint of the keratinized gingiva was also proven,
which confirms the validity of defining them while determin-
ing the phenotype. The authors of this study also proved the
existence of such a correlation. The dentogingival units with
the thin periodontal phenotype had mean values of 4.85 mm
for WKT, 5.49 mm in the medium phenotype and a median
of 6.00 mm in the thick phenotype. The differences between
them were statistically significant.

The current study also tested whether there was a correlation
between AC-CEJ and AC-GM, and the remaining GT and WKT
parameters. In the study by Fisher et al. [9], supracrestal gingi-
val height does not correlate with the biotype determined us-
ing the transparency method according to El Nahass. El Nahass
et al. assessed the AC-CEJ distance for the central and lateral
incisors based on 73 cone-beam tomographic scans [21]. The
mean values of AC-CE) were equal to 2.10 mm and 2.09 mm, re-
spectively. Younes et al. using CBCT scans of 21 patients, found
that the mean distances from the CEJ to the alveolar crest of the
maxillary central and lateral incisors, and canines were equal
to 1.98 mm, 2.03 mm, and 2.47 mm, respectively [19]. In our
study, the mean value for all the assessed dentogingival units
was 2.23 mm. These findings correspond with findings reported
by Januario et al. [27]. and Nowzari et al. [24]. However, Cook et
al. assessed the periodontal biotypes in 60 patients on the ba-
sis of clinical studies of the upper central and lateral incisors,
and for canines, gypsum models and CBCT visualizations [45].
In the thin periodontal phenotype, the AC-CEJ distance ranged
from 3.35 mm to 3.39 mm, and it was significantly greater than
seen in the individuals with the thick biotype, where it was 3.06
mm to 3.15 mm. The authors showed a positive correlation of
the periodontal biotype in relation to the thickness of the labial
plate of the bone, AC-CEJ distance, WKT, and probe transparency.

No correlations between AC-CEJ, GT, and WKT were observed
in our study. However, a positive correlation was seen between
GT and WKT and the AC-GM distance, which was equal to an
average of 3.17 mm in the thin periodontal phenotype, 3.36
mm in the medium phenotype, and the median was 3.90 mm
in the thick phenotype. The differences between the values
were statistically significant.

The TLPAC is another important parameter that can be assessed
by CBCT when determining the periodontal phenotype. While
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assessing the TLPAC, Stein et al. conducted a radiovisiogra-
phy examination using the parallel profile radiographs tech-
nique [14]. This examination, however, can only be conduct-
ed in the anterior section of the dentition, while CBCT can be
conducted in any section of the dentition [22]. Many authors
assessed the thickness of the labial plate of the bone and the
locations of the measurement points were diverse depending
on the adopted reference point, namely, CEJ or the edge of the
alveolar crest [19,21,24,25,35,46—49]. Braut et al. measured
facial bone thickness from the labial side of the front teeth
of the upper jaw in 125 patients (498 teeth) using CBCT [46].
The first measurement point (MP1) was located 4 mm apical-
ly from the CEJ, and the second one was in the middle of the
root position (MP2). The authors reported that in 90% of cas-
es the bone was thinner than 1 mm in 62.9% cases at MP1
and 80.1% at MP2. The bone was not found in 25.7% cases
at MP1 and 10% cases at MP2. Bone thickness of 1 mm or
more was found only in 11.4% cases at MP1 and 9.8% cases
at MP2. La Rocca et al. determined the thickness of the labial
plate of the bone 4 mm apically from CEJ, on the apex level of
the root and at the midpoint [35]. The mean bone thickness
(BT) was 1.24 mm, 0.81 mm, and 2.78 mm, respectively. They
showed no correlation between bone thickness and gingival
thickness in any of the examined areas, however, the gingival
width was directly related to the crestal BT.

Adopting the edge of the alveolar crest as a reference point is,
according to the authors of this study, a better solution, which
is consistent with numerous reports [19,21,25,47]. The loca-
tion of the edge of the alveolar crest can be different in various
types of gingival phenotypes. The occurrence of bone dehis-
cence, which makes it impossible to measure bone thickness
at a point that is, for example, 4 mm further apically from CE)
in some dentogingival units, is also possible. The distance of
the AC-CEJ in healthy periodontium is additionally assessed
as supracrestal tissue attachment [1].

Frost et al. assessed the thickness of the labial plate 2 mm
apically to the edge of the alveolar crest [47]. Younes et al. as-
sessed it 1, 2, 3,4, and 5 mm apically to the edge of the alve-
olar crest [19], Temple et al. assessed it 1, 3, and 5 mm from
the edge of the alveolar crest [25]. Stein et al. measured it in
3 areas at the edge of the alveolar crest, in one-third of the
apical and one-third of the crown part of the root, where the
mean values were 0.57 mm, 0.77 mm, and 0.85 mm, respec-
tively [14]. El Nahass et al. measured the thickness of the labial
plate at the level of the edge of the alveolar crest, and 1 mm,
2 mm and 4 mm apically [21]. The mean values for the central
incisors were 0.60 mm, 0.71 mm, 0.78 mm, 0.81 mm respec-
tively, and for the lateral incisors, 0.57 mm, 0.73 mm, 0.84 mm,
and 0.84 mm, respectively. Fuentes et al. measured the thick-
ness of the labial plate of the bone at 5 points on the basis of
50 CBCT scans at the bone margin, at the root apex level and
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3 intermediate points [48]. The means of the bone thickness
were higher than in the studies quoted above, and were equal
to 1.14 mm for the central incisors, 0.95 mm for the lateral in-
cisors and 1.15 mm for the canines. Similarly, higher values of
the labial plate of the bone in the anterior part of the maxilla
were shown by Ghassemian et al. [49] and Nowzari et al. [24].
In the study carried out by Younes et al., the mean values of
the TLPAC2 and TLPAC4 at the central incisors were 1.10 mm
for both, at the lateral incisors 1.21 mm and 1.22 mm, and at
the canines 0.99 mm and 1.00 mm, respectively [19]. In our
study, the mean values of TLPAC2 determined for all 180 den-
togingival units were 0.73 mm, the TLPAC4 value was 0.56 mm,
and the TLPAC8 value was 0.45 mm.

The mean values of TLPAC2 in the dentogingival units of the
phenotypes based on FGT values in this study were equal to
0.66 mm in the thin phenotype, 0.76 mm in the medium phe-
notype and 0.90 mm in the thick phenotype. The presence of a
strong correlation between TLPAC2 and FGT was shown, which
is consistent with other studies [19,50]. However, Fu et al. made
soft tissue measurements 2 mm more apically than the bone
margin [50], and Younes et al. made them 3 mm below the edge
of the gum with an ultrasonic probe 4 mm in diameter [19]. A
clear positive correlation between the buccal bone thickness
and attached gingival thickness was also shown by Ganji et
al. in the upper premolar area in the Saudi population [22].

One limitation of this study was the insufficient sample size
and the lack of random selection of patients. The study includ-
ed 30 patients with indications for CBCT imaging, who agreed
to participate in the study. Another limitation was the single
researcher (WB) who performed all the measurements. Despite
the limitations of this study, clinical and radiological parame-
ters characterizing incisors and canines of the jaw in the stud-
ied group of patients were determined. The mean values of
the dentogingival units with the thin periodontal phenotype

References:

—

. Ercoli C, Caton JG: Dental prostheses and tooth-related factors. J Clin
Periodontol, 2018; 45: 207-28

. Jepsen S, Caton JG, Albandar JM et al: Periodontal manifestations of sys-
temic diseases and developmental and acquired conditions: Consensus re-
port of workgroup 3 of the 2017 World Workshop on the Classification of
Periodontal and Peri Implant Diseases and Conditions. J Clin Periodontol,
2018; 45: S219-29

. Olsson M, Lindhe J: Periodontal characteristics in individuals with varying
form of the upper central incisors. J Clin Periodontol, 1991; 18: 78-82

N

w

IS

. Kan JY, Rungcharassaeng K, Umezu K, Kois JC: Dimensions of peri-implant
mucosa: An evaluation of maxillary anterior single implants in humans. )
Periodontol, 2003; 74: 557-62

. Kloukos D, Koukos G, Doulis | et al: Gingival thickness assessment at the
mandibular incisors with four methods: A cross-sectional study. J Periodontol,
2018; 89: 1300-9

. Kan J, Morimoto T, Rungcharassaeng K et al: Gingival biotype assessment
in the esthetic zone: Visual versus direct measurement. Int ) Periodontics
Restorative Dent, 2010; 30: 237-43

S,

[=2)

Bednarz-Tumidajewicz M. et al.:
In vivo evaluation of periodontal phenotypes by various methods
© Med Sci Monit, 2020; 26: €924469

were 0.65+0.06 mm for FGT, 4.85+1.18 mm for WKT, 3.17+0.64
mm for AC-GM, and 0.66+0.28 mm for TLPAC2. In the medi-
um periodontal phenotype, the mean values were 0.87+0.07
mm for FGT, 5.49+1.23 mm for WKT, 3.36+0.65 mm for AC-GM,
and 0.76+0.37 mm for TLPAC2. In the thick phenotype, me-
dian values were 1.20 mm (1.10+1.20 mm) for FGT, 6.00 mm
(6.00+7.00 mm) for WKT, 3.90 mm (3.80+4.40 mm) for AC-GM,
and 0.90 mm (0.70+1.10 mm) for TLPAC2. These studies will
be continued in a larger cohort.

Conclusions

Evaluation of the periodontal and gingival phenotypes in a
patient, using the method based on the CW/CL ratio of both
upper central incisors, is unreliable. The phenotype should be
evaluated for each dentogingival unit.

The positive correlation between WKT, FGT and AC-GM dis-
tance confirms the importance of determining these param-
eters in the assessment of the gingival phenotype and addi-
tionally, the TLPAC2 in determining the periodontal phenotype.

Using CBCT/CAD and PDIP technology allows determination of
the gingival and the periodontal phenotype, and can be use-
ful while planning implantological and orthodontic treatment,
where radiological diagnostics are required. In each case of gin-
gival and periodontal phenotype assessment, a clinical exami-
nation of the patient should be performed along with the de-
termination of PD, CAL, and WKT in the healthy periodontium.
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