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Background: Tissue biotypes have been linked to the out-
comes of periodontal and implant therapy. The purpose of
this study is to determine the dimensions of the gingiva and
underlying alveolar bone in the maxillary anterior region and
to establish their association.

Methods: Tissue biotypes of 22 fresh cadaver heads were
assessed clinically and radiographically with cone-beam
computed tomography (CBCT) scans. Maxillary anterior teeth
were atraumatically extracted. The thickness of both soft tis-
sue and bone were measured using a caliper to the nearest
0.1 mm by two calibrated examiners. Probing depths and gin-
gival recession were measured at two points (mid-labial and
mid-palatal). Clinical and CBCT measurements of both soft
tissue and bone thickness were subsequently compared and
correlated.

Results: No statistically significant differences were ob-
served between the clinical and CBCT measurements of
both soft tissue and bone thickness except the palatal soft
tissue measurements. The labial gingival thickness was mod-
erately associated with the underlying bone thickness mea-
sured with CBCT (R = 0.429; P <0.05). Gingival recession
was not associated with the thickness of both labial gingiva
and bone.

Conclusions: CBCT measurements were an accurate rep-
resentation of the clinical thickness of both labial gingiva
and bone. In addition, the thickness of the labial gingiva had
a moderate association with the underlying bone radiograph-
ically. J Periodontol 2010,;81:569-574.
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The gingival morphology of the
maxillary anterior region plays an
important role in determining the
final esthetic outcome. Tissue biotypes
were associated with the outcomes of
periodontal therapy, ! root coverage pro-
cedures,?3 and, implant esthetics.4° In
1969, Ochsenbein and Ross® indicated
that there were two main types of gingiva
morphology, namely the scalloped and
thin or flat and thick gingiva. They
proposed that the contour of the gingiva
closely followed the contour of the
underlying alveolar bone. The term
“periodontal biotype” was later intro-
duced by Seibert and Lindhe’ to cate-
gorize the gingiva into “thick-flat” and
“thin-scalloped” biotypes. Claffey and
Shanley! defined the thin tissue biotype
as a gingival thickness of <1.5 mm, and
the thick tissue biotype was referred to as
having a tissue thickness >2 mm (mea-
surements of 1.6 to 1.9 mm were not
accounted for).

It was suggested that gingival or peri-
odontal diseases were more likely to
occur in patients with a thin gingival
biotype.! Similarly, in implant restora-
tions, the thick-flat tissue biotype was
an important factor for a successful es-
thetic-treatment outcome.® In root-cov-
erage procedures, a flap thickness of
0.8 to 1.2 mm was associated with a
more predictable prognosis.?3:2 An ini-
tial gingival thickness was found to be
the most significant factor associated
with a complete root-coverage proce-
dure.® In a meta-analysis, Hwang and

doi: 10.1902/jop.2009.090591

569



Tissue Biotype and Underlying Bone Morphology

Volume 81 ¢ Number 4

Wang3 reported a high association between flap
thickness and complete root coverage. In immediate
single-tooth-implant restorations, patients with
“thin-scalloped” mucosa often had more tissue re-
cession.!% On the contrary, patients with “thick-flat”
mucosa tended to maintain the implant papillae
height.!! These observations suggested that tissue
biotype might be a significant factor influencing es-
thetic-treatment outcomes.

Many methods were proposed to measure tissue
thickness. These include direct measurements,!?
probe transparency (TRAN),® ultrasonic devices,!3
and, most recently, cone-beam computed tomogra-
phy (CBCT).!4 In the direct method, the tissue thick-
ness was measured using a periodontal probe.!?
When the thickness was >1.5 mm, it was categorized
as a thick biotype. When the thickness was <1.5 mm,
it was considered a thin tissue biotype. However, this
method of measurement had several inherent limita-
tions, such as the precision of the probe, which is to
the nearest 0.5 mm, the angulation of the probe during
the transgingival probing, and the distortion of the tis-
sue during probing. In the TRAN technique, the gingi-
val biotype was considered thin when the outline of the
periodontal probe showed through the gingival mar-
gin from inside the sulcus.® The biotype was consid-
ered thick if the probe did not show through the
gingival margin. Miiller et al.!3 applied a non-invasive
ultrasonic device to measure gingival thickness. This
method had several limitations. Most importantly, it
was difficult to determine the correct position and at-
tain reproducible measurements. Recently, CBCT
scans were used to visualize and measure the thick-
ness of both hard and soft tissues.!4 However, to the
best of our knowledge, there is a paucity of evidence
comparing the accuracy of these techniques used to
ascertain tissue thickness.

This study aims to determine the thickness of both
soft tissue and underlying alveolar bone in the maxil-
lary anterior region and to establish the association
between the tissue biotype and the underlying bone
morphology.

MATERIALS AND METHODS

Samples

Twenty-two fresh frozen cadaver heads (from 16
white males and six white females; mean age: 67.6
years; age range: 33 to 97 years) were used for this
investigation, which was conducted from August
8 to 9, 2009. They were donated to the Anatomy
Department of the University of Michigan for educa-
tional purposes. The cadaver heads were frozen,
and no preservatives were added. They were washed
and soaked in an antibiotic solution before they were
frozen. Prior to the measurements, the heads were
thawed overnight. After the heads were thawed, the
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gingiva was covered with wet gauze to prevent shrink-
age, thereby ensuring that the status of the gingiva
and bone was in a fresh state. Measurements were
completed in ~12 hours to prevent tissue shrinkage.
The selected study area was the maxillary anterior re-
gion, which included teeth #6 through #11 (denoted
according to the Universal/National System). Teeth
with subgingival restorations, metal restorations, in-
tracanal prosthesis (e.g., postcores or pins), probing
depths >4 mm, and fractured buccal plates during ex-
tractions of the maxillary teeth were excluded from the
study.

Two examiners (JHF and CYY) measured the soft
tissue thickness, alveolar bone thickness, probing
depths, and gingival recession (GR) at the mid-labial
and -palatal sites of the selected teeth. Measurements
were taken from the labial gingiva (LG), palatal gin-
giva (PQ), labial bone (LB), and palatal bone (PB).
Before the start of the study, a calibration session
was performed to evaluate intra- and interexaminer
reliability in the clinical measurements. Each exam-
iner (JHF and CYY) performed measurements in three
specimens, and this process was repeated twice at
1-hour intervals. Reliability was then determined us-
ing Cohen « statistics.

CBCT Measurements

CBCT scans of the cadaver heads were taken to
obtain radiographic measurements of the thickness
of both soft tissue and underlying bone. First, the ca-
daver head was stabilized using a head locator, and
a scout view was obtained to verify the region of inter-
est. Subsequently, a scan of the maxilla was obtained
using the CBCT¥ machine in the Radiology Depart-
ment, University of Michigan, by trained clinicians
(JHF and CYY) at 120 KVp and 18.66 mA for 20 sec-
onds (voxel size: 0.2 mm; grayscale: 14 bits; focal
spot: 0.4 mm; and field of view: 16 x 22cm). The re-
constructed images were generated using a computer
software package.§ The thickness of both soft and
hard tissue were measured at 2.0 mm below the alve-
olar bone crest and perpendicular to the inner cortical
plate of the tooth socket using the cross-sectional
views taken at the midline of the selected teeth (Figs.
1 and 2). All measurements were performed by one
examiner (CYY).

Clinical Measurements

Assessment of tissue biotype. The tissue biotype
was evaluated and categorized by the two examiners
(JHF and CYY). The evaluation of the tissue biotype
was based on the TRAN of the periodontal probe||

T SDM, Austenal Medizintechnik, Cologne, Germany.

# i-CAT Cone-Beam Computed Tomography machine, Imaging Sciences
International, Hatfield, PA.

§ OsiriX Imaging Software, Pixmeo, Geneva, Switzerland.

| PCP-UNC 15 probe, Hu-Friedy, Chicago, IL.
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Figure 1.

Axial view of a CBCT scan illustrating the area of interest. The vertical
green line in the middle of the tooth is the cross-sectional view featured in
Figure 2.

through the LG margin.8If the outline of the underlying
periodontal probe could be visualized through the
gingival margin, it was categorized as a thin biotype;
if the outline of the underlying periodontal probe
could not be visualized through the gingival margin,
it was categorized as a thick biotype.

Probing depth and GR. The probing depth was
measured as the distance from the free gingival mar-
gin to the base of the pocket. GR was measured as the
distance from the cemento-enamel junction to the
free gingival margin. All measurements were made
to the nearest 0.5 mm using a periodontal probe.f

Thickness of soft tissue and bone. The selected
teeth were carefully extracted to ensure that the alve-
olar bone and soft tissue remained intact. At 2.0 mm
below the alveolar bone crest, the beaks of the caliper?
were positioned perpendicular to the inner wall of the
extraction socket on the mid-labial and -palatal sur-
faces. The measurement obtained was the sum of
both soft tissue and bone thickness (SUM). A perios-
teal elevator** was used to reflect the soft tissue away
from the bone surface. The thickness of the alveolar
bone was measured at the same position. The thick-
ness of the soft tissue was obtained from the subtrac-
tion of the bone thickness measurement from the SUM
measurement.

Statistical Analyses

All data analyses were performed using a statistical
software package. T Paired t tests were used to com-
pare the data between direct caliper and CBCT
methods. Linear regression was used to establish
the relationship between both soft tissue and bone
thickness. Analysis of variance (ANOVA) and regres-

Figure 2.

Cross-sectional view of a CBCT image used to obtain the measurements
of both soft tissue and bone thickness of CTLG, CTPG, CTLB, and CTPB.
Yellow dashed lines delineate soft tissue margins, vertical green lines
illustrate 2.0 mm from the bone crest (*), horizontal green lines show the
soft tissue thickness, and the horizontal black lines represent the bone
thickness.

sion analysis were performed to verify the factors as-
sociated with tissue biotype or underlying bone
morphology. Quantile-quantile plots were charted
to determine whether the data collected followed
a normal distribution curve. P <0.05 was considered
statistically significant. The strength of the correlation
was determined by the R value: if it was >0.70, it was
considered a strong correlation; if it was 0.40 to 0.70,
it was a moderate correlation; and if it was <0.40, it
was a mild correlation. A listwise method was used
in the data analysis to compensate for teeth that were
excluded.

9 PCP-UNC 15 probe, Hu-Friedy.

# Boley gauge caliper, Salvin Dental Specialties, Charlotte, NC.
** Buser periosteal elevator, Hu-Friedy.

T1 SPSS version 16.0, SPSS, Chicago, IL.
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RESULTS

Intra- and Interexaminer Reliability

The intraexaminer reliability for both examiners (CYY
and JHF) had a « value of 0.8. The interexaminer
reliability for both examiners had a k value of 0.649
(95% confidence interval: 0.31 to 0.989). The in-
traexaminer reliability (CYY) for the CBCT measure-
ments had a k value of 0.9. These results demonstrate
good intra- and interexaminer reliability for all mea-
surements taken.

Clinical and Radiographic Measurements

The mean of both soft tissue and bone thickness of
the LG, PG, LB, and PB were 0.50 + 0.24 mm,
1.00 £ 0.30 mm, 0.83 £ 0.32 mm, and 1.09 = 0.35
mm, respectively. The corresponding radiographic
measurements from the CBCT scans denoted as the
CT of the LG, PG, LB, and PB (CTLG, CTPG, CTLB,
and CTPB, respectively). The mean of both soft tissue
and bone thickness of CTLG, CTPG, CTLB, and CTPB
were 0.57 £ 0.25 mm, 1.74 £ 0.86 mm, 0.94 + 0.35
mm, and 1.21 £ 0.39 mm, respectively (Table 1).

Comparison of Measurements Between

Caliper and CBCT

There were no statistically significant differences be-
tween radiographic and clinical measurements in
the groups LG - CTLG, LB - CTLB, and PB - CTPB
(P >0.05). However, the PG — CTPG group revealed
statistically significant difference, which demon-
strates that the palatal soft tissue thickness obtained
radiographically and clinically are different (Table 2).

Correlation Between Tissue Biotype and
dnderlying Bone

A moderate correlation between the CBCT labial
thickness of soft tissue and bone (CTLG - CTLB)
was established by a simple linear regression model

Table I.

Labial and Palatal Thickness (mm) of Both
Soft Tissue and Alveolar Bone Measured
Using a Caliper and CBCT

Variable n Mean SD Minimum Maximum
Caliper
LG 85 0.50 0.24 0.10 1.20
PG 85 .00 0.30 0.40 .60
LB 85 0.83 032 0.30 .60
PB 85 1.09 0.35 0.40 1.90
CBCT
CTLG 100 057 0.25 0.20 [.86
CTPG 100 74 0.86 0.10 4.27
CTLB 100 094 0.35 0.30 242
CTPB |00 .21 0.39 0.50 3.30
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(R = 0.429; P = 0.000). Mild correlations existed
among the groups LG - LB and CTPG - CTPB
(R <0.4; P<0.05) (Table 3).

Association of TRAN and GR With Tissue Biotype
Statistically significant differences were observed
for TRAN on LG and CTLG (Table 4). There was
a mild correlation between TRAN and LG and CTLG
(R<0.4; P<0.05) (Table 5). No significant relationship
was observed between gingival recession and labial
soft tissue and bone thickness (R <0.4; P >0.05)
(Table 6).

DISCUSSION

Several methods were attempted to measure the
thickness of soft tissue. In a sample population of
31 healthy patients with a mean age of 32 years, Bar-
riviera et al.!4 showed that the mean canine gingival
thickness at 2.0 mm below the gingival margin was
1.97 mm using the CBCT method. At 4.0 mm from
the gingival margin in 40 healthy volunteers, Miller
et al.!® reported that the labial and PG thickness of
the maxillary canine gingiva was 0.7 mm and 2.0 to
4.0 mm, respectively. In the present study, the mean
labial soft tissue thickness of the maxillary anterior
teeth at 2.0 mm below the bone crest was 0.5 mm

Table 2.

Comparison of CBCT and Caliper
Measurements

Variable P Significance
LG - CTLG 0.692 NSSD
PG - CTPG 0.000 SsD
LB — CTLB 0.057 NSSD
PB — CTPB 0.105 NSSD

SDD = statistically significant difference (P <0.05); NSSD = non-statistically
significant difference (P >0.05).

Table 3.

Association Between Tissue Biotype
and Underlying Bone Thickness

Variable Coefficient SE t R P

LG - LB 0.549 0.139 3939 0397 0.000*
PG — PB 0.235 0.124 1898 0204 006IT
CTLG — CTLB 0.600 0.128 4696 0429 0.000%
CTPG — CTPB 0.135 0044 3080 0297 0.003*

* Statistically significant difference (P <0.05).
T Borderline statistical significance.
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Table 4.

Influence of GR and TRAN on LG, LB,
CTLG, and CTLB

Variable LG LB CTLG CTLB
GR
F [.210 0.562 0.820 0.981
P 0311 0.804 0.588 0461
TRAN
F 7.352 3.051 9.081 1.272
P 0.009* 0.086 0.004* 0.264

F stands for the F-test (a ratio of two numbers, where each number estimates
a variance).
* Statistically significant difference (P <0.05).

Table 5.
Regression Analysis for LG and CTLG

Variable Coefficient SE t R [P
LG
GR —0.046 0038 —1214 0064 0229
TRAN 0.123 0.046 2659 0374 00I10*
CTLG
GR 0.003 0018 0.189 0020 0.850
TRAN 0.141 0.048 2916 0287  0.004*

* Statistically significant difference (P <0.05).

Table 6.
Regression Analysis for GR

Variable  Coefficient SE t R P

LG -0.610 0986 0619 0070 0538
LB -0.757 0617 —-1.225 0.137 0224
CTLG 0.117 0618 0.189 0020 0850
CTLB -0514 0421  -1219 0127 0226

Strong correlation (R >0.70); moderate correlation (0.70 >R >0.40); mild
correlation (R <0.40).

(range: 0.1 to 1.2 mm) clinically and 0.57 mm (0.2 to
1.86 mm) radiographically. The mean palatal soft tis-
sue thickness at 2.0 mm below the bone crest was 1.0
mm (range: 0.4 to 1.60 mm) clinically and 1.74 mm
(range: 0.1 to 4.22 mm) radiographically. These re-
sults were largely in agreement with the literature. 14.15

CBCT scans have been widely used for hard tissue
imaging because of the superior diagnostic ability ob-
tained through 3-dimensional reconstructive images.
Examining the labial-lingual dimension of periodontal
defects, Misch et al.1® showed that there was no sta-
tistically significant difference between the clinical

measurements (using a caliper) and radiographic
measurements (using CBCT scans). In the present
study, CBCT imaging was also used for soft tissue
measurements because of the ability to magnify and
change the brightness and contrast of the images in
the computer program. To better visualize the soft
tissue margins, a plastic lip, tongue retractors, and
wooden spatulas can be used.!4

There were no statistically significant differences
between radiographic and clinical measurements of
both bone and labial soft tissue thickness except in
the palatal soft tissue measurements. This could pos-
sibly be due to measuring errors such as misangula-
tion of the caliper or overcompression of the soft
tissue.!” It was difficult to attribute the discrepancy
between the direct and CBCT measurements of the
PG thickness to either method. The aim of this study
is to establish the association between tissue biotype
and the underlying bone. It could be preliminarily
concluded that CBCT measurements of both bone
and labial soft tissue thickness are accurate. CBCT
measurements might be a more objective method to
determine the thickness of both soft and hard tissue
compared to direct measurements.

Because the thickness of the gingival and bone tis-
sues affects the treatment outcomes, possibly due to
a difference in the amount of blood supply to the un-
derlying bone!8 and the susceptibility to resorption, it
is important to determine the tissue biotype before the
start of the restorative treatment. The linear regres-
sion analysis demonstrated a positive moderate cor-
relation between the radiographic thickness of the
labial gingiva and its underlying bone (CTLG-CTLB).
Clinically, the labial and palatal gingiva were mildly
correlated with the underlying bone (LG-LB and
PG-PB). Ochsenbein and Ross® believed that long-ta-
pered teeth tend to have a thin-scalloped periodon-
tium, whereas wide-square teeth have thick-flat
periodontia. In 1991, Olsson and Lindhe!® proposed
that long-narrow teeth are more susceptible to GR
than short-wide teeth because of the difference in
periodontal biotype. In 1993, Olsson et al.2? reported
no significant difference between narrow- and wide-
crown forms with respect to the thickness of the free
gingiva. In our study, the thickness of the gingival tis-
sue had a moderate association with the underlying
labial alveolar bone, which was a correlation that
was initially reported, but not quantified, by Seibert
and Lindhe.”

There were statistically significant differences
noted for TRAN on LG and CTLG. A mild correlation
was observed between TRAN and LG, indicating no
significant association between visual inspection
and periodontal biotype. This supports the conclusion
by Eghbali et al.?! that TRAN is not a useful method for
identifying the gingival biotype. In addition, GR had no
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correlation with LG or CTLG, indicating no significant
association between GR and a thin biotype. Hence, GR
is less of a predictor of tissue biotype and underlying
bone thickness but more of a result of multiple fac-
tors such as age, etiology, sample size, and different
teeth.22 This was consistent with the results described
by Miiller et al.!3 in 2000.

CONCLUSION

The present study demonstrates that the clinical mea-
surements of LG and bone thickness correspond to
radiographic measurements, thereby showing that
CBCT could be used to determine both soft and hard
tissue thickness.
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