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I . Introduction

The current progress of the dental treat—
ment in implant and periodontal plastic
surgery has led to a further expectation
among many patients to the better esthetic
results. Predictability of postoperative suc-
cess is a major consideration in treatment
planning both for periodontal treatment and
implant treatment. Therefore a careful
understanding and analysis of the surroun—
ding tissue is necessary.

Recently, the dimensions and other cha-
racteristics of masticatory gingiva have be-
come the subject of considerable interest in
periodontics. For a long time, an ‘inade-
quate” zone of keratinized tissue was sug-
gested as a risk factor for the development
of gingival recession.! That opinion have

seriously been questioned by several inves-

tigators. Only minimal gingival inflammation
has been observed in areas with a very nar-
row zone of Keratinized tissue?, and the level
of attachment can be maintained even in the
absence of attached gingiva® provided that
the patient maintain proper oral hygiene.
Whereas inter-, and intraindividual varia-
tion of gingival width has been the subject
of numerous investigations, thickness of the
gingiva has commanded considerable atten-
tion only in recent years. In several other
clinical situations, detailed information on
the thickness of masticatory mucosa may be
highly desirable. For instance, in subjects
with thin and vulnerable gingiva, an increa—
sed amount of recession is observed follow-
ing non-surgical periodontal therapy.* More-
over, gingival thickness appears to play an
important role in wound healing as well as

flap management during regenerative and
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plastic periodontal surgery.

Miiller et al® investigated the possible in-
fluence of gingival thickness and width on
bleeding on probing. It was concluded that,
apart from supra-gingival plaque, smoking
was an independent risk factor for gingival
bleeding on probing. Thin and vulnerable
gingiva of insufficient width was not more
likely to bleed after probing than thicker
tissue.

On the other hand, Cardaropoli et al®
evaluated the role of orthodontic intrusion
and alignment in the reduction of gingival
recession around maxillary incisors of adult
periodontal patients and reported that at
the end of orthodontic treatment a predic-
table reduction of recession both in patients
with thin or wide gingiva.

Seibert & Lindhe’ proposed the term
periodontal biotype to designate distinct fea—
tures(flat-thick” or “scalloped-thin’) of the
periodontium, including the underlying
alveolar bone. Miller et al® used the more
customary term phenotype to describe fea-
tures of the marginal periodontium that are
influenced by both genetic and environ-
mental factors. Some characteristics of gin-
gival phenotype of the upper front tooth
region were found that results clearly indi-
cated evidence for the existence of different
gingival phenotypes. It was observed that at
least 2 different phenotypes being associated
with a wide-short type of crown at the up-
per anterior segment, one with a normal
thickness and narrow band of keratinized
tissue and one with thick and wide gingiva
were observed. It is possible that we distin—

guish gingiva into groups with different

thickness.

Olsson & Lindhe’ reported that subjects
with long, narrow teeth have a compara-
tively thin periodontium, and may be more
susceptible to gingival recession than sub-
jects who belong to a thick periodontal “bio-
type’. They suggested that the form of the
upper central incisors may be used to dis-
tinguish between different periodontal “bio-
type’. The different gingival biotype showed
the different physiologic and pathologic res-
ponses and treatment results. From that,
determining of gingival biotype can be said
useful in diagnosis and treatment planning
phase.

Measuring the actual gingival thickness
requires additional anesthesia or special
equipment like ultrasonic measuring device.
Therefore, it is not routine procedure to
measure the thickness before treatment. The
definite criteria for gingival biotype has not
been suggested. Gingival biotype is deter-
mined arbitrarily considering some para-
meters like the shape of crown or gingival
scalloping pattern.

The aim of the present study is to confirm
our hypothesis that the arbitrary grouping of
gingiva into different biotypes has the signi-
ficant correlation with the gingival thickness
and to determine the clinical parameter

which represents the gingival thickness.

II. Material and Methods

1. Subjects

The study population was 211 volunteers

(127 males, 84 females), 22-43 years of age
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(mean age 24.7), who were dental students
of Seoul National University. The measure-
ment was performed on maxillary central
incisors and the mean values were used. In
conjunction with the intra- and extra-oral
examination, clinical photographs and intra-
oral dental radiographs for maxillary ante-

rior incisors were taken.

2. Clinical measurements

Width of keratinized gingiva(KG)

The distance was measured mid- buccally,
to the nearest mm, from the mucogingival
junction to the gingival margin. If the muco-
gingival junction was not readily percei-

vable, the “wrinkle technique (Mazeland'
1980) was utilized.

Gingival thickness(GTH)

The endodontic files(K-file,#15 Mani, Ja-
pan) were employed to measure thickness of
masticatory mucosa under local anesthethia.
The measurements were performed at the
midbuccal 1/2 level of keratinized gingival
zone which was determined to measure KG

to the nearest 0.1 mm.

Probing depth(PD)
Measurements were made using perio—
dontal probes and determined to the nearest

mm.

Bleeding on probing(BOP)
The measurement was performed with the

criteria by Ainamo and Bay''.

Palque index(PI)
The measurement was performed with the

criteria by Loe and Silness'.

Gingival index(GI)
The measurement was performed with the

criteria by Silness and Loe.

Gingival recession(GR)
The distance was measured between the

gingival margin and cementoenamel junction.

Cervical convexity(CC)
The convexity was determined by mea-
suring the undercut of 0.5mm at the mid-

buccal level of crown surface.

Body mass index(BMI)

The body mass index was calculated by
the ratio of a square of body weight(kg) to
height(m).

Percent body fat(BF)
The subcutaneous fat thickness of face

skin was measured to nearest Smm.

Somatotype(ST)

The somatotype was categorized using the
mesomorphy rating from the Heath-Carter'
anthropometric somatotype to endomorph,

mesomorph and ectomorph.

Facial types(FT)
The facial type was categorized to brachy-

cephalic, mesocephalic and dolichocephalic.
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Dentition(DEN)
The dentition was determined by crowding
/rotation/crossbite/deepbite of the maxillary

dental arch.

3. Clinical photographs

Ratio of width/length of crown(CW/CL)

The distance of crown width was mea-
sured between the mesial and distal contact
points. The distance of crown length was
measured between the gingival margin, or if
discernible, the cementoenamel junction and
the incisal edge(CW/CL in Figure 1).

Gingival curvature(GC)

The curvature of gingival margin was

Figure 1. Measured distances of
clinical photographs. A=distance
between the tops of mesial and
distal papillae, B=distance be-
tween the most apical portion
of buccal gingival margin and
the line that connect the tops
of both papillae, CL= length of
crown, CW=width of crown.

defined the ratio of the distance between the
tops of mesial and distal papillae and the
distance between the most apical portion of
buccal gingival margin and the line that
connect the tops of both sides of papillae
(A/B in Figure 1).

Gingival biotype (BIO)
The biotype was determined into thick or

thin by one examiner.

4. Radiographs

Width of Tooth/length of tooth(TW/TL)
The ratio of the distance between proxi-
mal contact points of the tooth and the

distance between incisal edge and apex was

Figure 2. Measured distances of
radiographs.

TL=length of tooth, TW=width of
tooth, CEJ=the distance be-
tween the mesio and distal sur—
faces of the CEJ level.
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calculated(TW/TL in Figure 2).

Width of the crown/width of CEJ(CW/CEJ)

The ratio of the distance between proxi-
mal contact points of the crown and the
distance between the mesial and distal sur-
faces of the CEJ level was calculated(TW/
CEJ in Figure 2).

5. Data analysis

The data for each of the examined para-
meters were averaged and divided into the
groups of thin gingiva(THIN) and thick gin-
giva(THICK) and mean values for subjects in
group THIN and THICK were compared by
means of a Student t-test. The asso- ciation
between the groupings with mea- sured data
and arbitrary determination of biotype by
the examiner was tested by means of a
chi-squared test. Values of p{0.01 were con-
sidered statistically significant. The SPSS
software(version 10.0, SPSS, Chicago, IL,

USA) was used for all calculations.

II. Results

The mean value of gingival thickness was

1.3 mm and the distribution is presented in

60

Figure 1. The subjects were divided into two
groups of THIN and THICK. In grouping,
the subjects with the thickness near mean
value were excluded. The subjects whose
gingival thickness below 1.2mm were divided
into the group THIN and above 1.4mm into
the group THICK. The mean values between
2 groups are significantly different(p<0.01).

The frequency of subjects determined as
“thin” biotype among group THIN was 21 out
of 58 and the result from chi-square test
was not statistically significant. In the case
of group THICK, 55 subjects out of 72 were
determined as “thick” biotype and there was
no statistical significance.

The individual mean values for parame-
ters in all subjects are presented in Table 1.

The results of the Student-t test with
clinical parameters are presented in Table
2. The differences between groups are stati-
stically significant in KG, CC, CW/CL and
GC.

no significant differences. The correlation of

(p€0.01) The other parameters showed

age, gender, periodontal and orthodontic
treatment history with gingival thickness is
presented in Table 3. The differences for
those variables between groups were not

statistically significant.
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Figure 3. The distribution of the gingival thickness
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Table 1. Mean values and standard deviation for parameters in all subjects (n=211)

Variables mean SD
GTH 1.3 0.36
PD 2.2 0.70
BOP 0.8 0.79
PI 0.5 0.61
GI 0.6 0.71
KG 5.4 1.3
GR 0 0.40
CcC 43
CW/CL 0.8 0.09
GC 1.9 0.32
TW/TL 0.4 0.04
CW/CEJ 1.4 0.14

GTH:gingival thickness, PD:probing depth, BOP:bleeding on probing, Pl:plaque index, Gl:gingival index,
KG:width of keratinized gingiva, GR:gingival recession, CC:cervical convexity(% presence), CW/CL:ratio of
length of crown and width of crown, GC: gingival curvature, TW/TL:ratio of width of tooth and length of
tooth, CW/CEJ:ratio of width of the crown and width of CEJ

Table 2. Mean values and standard deviation for parameters in groups THIN and THICK and
Student t—test results(* p<0.01)

Parameters group THIN group THICK p-value
mean SD mean SD

GTH 0.9 0.2 1.7 0.2 0.01
PD 2.1 0.6 2.2 0.71 0.7
BOP 1.4 0.5 1.3 0.5 0.72
PI 1.2 0.4 1.2 0.4 0.33
GI 1.3 0.5 1.4 0.6 0.99
KG 4.9 14 5.8 1.1 0.01
GR 0.4 1.2 0.3 1.5 0.58
cc 34 56 0.01
BMI 22.2 7.9 25.0 9.0 0.06
BF 0.3 0.4 0.4 0.5 0.08
ST 0.3 0.5 0.5 0.6 0.06
FT 0.4 0.6 0.7 0.7 0.02
DEN 22 17 0.13
CW/CL 0.8 0.1 0.9 0.1 0.01
GC 1.9 0.3 2.0 0.3 <0.01
TW/TL 0.4 0 0.4 0 0.41
CW/CEJ 1.4 0.1 14 0.1 0.65

GTH:gingival thickness, PD:probing depth, BOP:bleeding on probing, Pl:plaque index, GI: gingival index,
KG:width of keratinized gingiva, GR:gingival recession, CC:cervical convexity(% presence), BMI:body mass
index, BF:percent body fat, ST:somatotype, FT:facial type, DEN: dentition, CW/CL:ratio of length of crown
and width of crown, GC: gingival curvature, TW/ TL:ratio of width of tooth and length of tooth,
CW/CEJ:ratio of width of the crown and width of CEJ
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Table 3. Variables in groups THIN and THICK

Variables p-value
age 0.10
gender 0.04
periodontal treatment history 0.13
orthodontic treatment history 0.82

IV. Discussion

The most challenging procedure in clinical
dentistry is the restoration of gingival
harmony and dental esthetics in the anterior
area, where the dentogingival interface is
clearly visible. Therefore understanding of
structure and physiology of the gingival
tissue in relation to teeth, osseointegrated
implants, and restorations is necessary to
achieve a healthy, harmonious, and mainta-
inable interface between the restoration and
the surrounding soft tissue'®.

In the present investigation, attempts were
made to confirm the reliability of arbitrary
determining of the gingival biotype and to
find clinical parameters that represent the
thickness of masticatory gingiva. However,
failed to

relationship between arbitrary determining of

the results show significant
groups and actual gingival thickness.

The distribution of gingival thickness of
subjects follows normal distribution as shown
in Figure 3.

Weisgold et al'” suggested that there were
two basic human periodontal forms. The more
prevalent, the thick, flat type occurred in
over 85% of the patient population. The
other, the thin, scalloped type occurred in
less than 15% of cases. Findings from the

present study are different. Weisgold et al

classified the periodontium with the rise and
fall” of underlying bony crest using dry
skulls, whereas the distribution of the thick-
ness of the gingival soft tissue was used to
characterize the periodontium in this study.
Weisgold et al described that the teeth
found in the thick, flat periodontium were
usually characterized by being more bulbous
and having a more square form. Contact areas
are located more apically and facio-lingually.
The cervical convexity on the facial surface is
reasonably prominent. Since the contact areas
begin more apically, a central incisor viewed
from the facial surface appears to be square.
The interproximal papillae filling the space
between the teeth terminate at the contact
areas— hence a ‘flat’ periodontium. In com-
paring the crown and root forms of each type,
it is obvious that the mesiodistal inter-root
bone is greater in the thin, scalloped type
than in the thick, flat type of periodontium.
The arbitrary determining of gingival bio-
type from the curvature of gingiva and shape
of crown had no significant relation with the
actual gingival thickness. Thirty seven sub-
jects were grouped into THIN group(58 sub-
jects) had thick gingiva(Figure 4), 17 sub-
jects who were classified as THICK group(72
subjects) had thin gingiva(Figure 5). The
gingival thickness could not be determined

from the outer appearance of gingiva.
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Figure 4. Individual with thick gingiva look-
ing thin.

Data in this study agree with the previous
studies(Table 2). Width of keratinized gin-
giva, cervical convexity of crown, the ratio of
width/length of crown and curvature of
gingival margin were significantly different
between 2 groups. However, the other para-
meters have no significant relationship with
the gingival thickness.

Subjects with periodontal diseases were
excluded from the study. All subjects in the
present study were dental students with good
oral hygiene. Periodontal epidemiologic indi-
ces showed that subjects had healthy gingiva
and no significant differences between THIN
and THICK groups.

Olsson and Lindhe' reported that the
thickness of the free gingiva in central
incisors was significantly related to the width
of the keratinized gingiva, the buccolingual
width of the crown and the presence of an
interproximal gingival groove. Their study
demonstrated that individuals with a long-
narrow form of the central incisors displayed,
compared to individuals with a short-wide
crown form (i)thin free gingiva, (ii)narrow
zone of keratinized gingiva, (iii) shallow pro-
bing depths, and (iv)a pronounced “scalloped’

"

Figure 5. Individual with thin gingiva looking
thick.

contour of the gingival margin, expressed as
the height of the distal papilla and the
“gingival angle’.

In a different study by Olsson and Lindhe’,
the observations reported tend to confirm the
hypothesis that subjects with long, narrow
teeth have a comparatively thin periodon-
tium, and may be susceptible to gingival
recession than subjects who belong to a thick
periodontal “biotype’. The length(CL) and
width(CW) of the crowns were determined
and the CW/CL ratio was calculated for each
tooth to divide the subjects into two groups.
Their findings agreed with the results from
the present study.

Miller et al' categorized the gingival phe-
notypes into 3 clusters. Based on thickness
and width of facial gingiva as well as crown
form, different phenotypes could be identi-
fied. The clusters were characterized by 2
clusters of different gingival width with thin
gingiva and a slender tooth form and a
cluster with relatively thick and wide gingiva
and a quadrant tooth shape. Mean thickness
of masticatory mucosa as well as gingival
width and crown form differed significantly

among clusters. It was concluded that perio—
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dontal phenotypes did actually exist and
palatal mucosa might be rather thin in sub-
jects with a thin and narrow gingiva and a
slender shape of upper front teeth. In addi-
tion, masticatory mucosa was found to be
thinner in women. In the present study, the
difference with gender was slight but not
statistically significant.

It would be clinically useful that to obtain
a information on gingival thickness during
initial examination. The most important indi-
cation for measuring the thickness of soft
tissue is clearly periodontal plastic surgery.
The hard palate usually serves as a donor
site for either full-thickness epithelialized
graft or connective tissue graft for plastic
surgery in the oral cavity. And palatal
mucosa is thin in individuals with thin perio—
dontal phenotype.'

Kois® suggested diagnostic keys to more
accurately predict the peri-implant esthetic
outcome before removing a failing tooth.
Those keys included relative tooth position,
form of the periodontium, periodontal bio-
type, tooth shape, and position of the osseous
crest. The periodontal biotype was considered
the risk factor for recession after implant
management protocols. Subject in the present
study were young and showed little recession.

1! also explained the different

Sanavi et a
characteristics of gingival types. In the thick
flat type there normal rise and fall of the
gingiva and bone was present, but there is not
a great disparity between the direct facial and
that found interproximally. The gingiva is
thick or dense and is fibrotic in nature.
Usually this type of periodontium has,

quantitatively and qualitatively, adequate

amounts of attached masticatory mucosa.
When irritated by tooth preparation, impre-
ssion procedures, extraction, or other clinical
techniques, this periodontium usually reacts
with inflammation, followed by migration of
the junctional epithelium apically, with resul-
tant periodontal pocket formation or redun-
dant tissue. The thin scalloped type of perio-
dontium, on the other hand, is distinguished
by a pronounced disparity between the
height on the direct facial and that found
interproximally. The underlying bone is us—
ually thin on the facial with dehiscences and
fenestrations commonly found. Usually there
is less attached masticatory mucosa, from
both quantitative and qualitative perspec-
tives. Excessive irritation of this type of
periodontium usually leads to recession both
facially and interproximally.

1 demonstrated that after

Pontoriero et a
surgical crown lengthening, the marginal
periodontal tissue showed a tendency to grow
in a coronal direction from the level defined
at surgery. That pattern of coronal displace-
ment of the gingival margin was more pro-
nounced in patients with “thick™ tissue bio-
type and appeared to be influenced by indi-
vidual variations in the healing response not
related to age or gender.

Kan et al® clinically evaluated the dimen-
sions of the peri-implant mucosa and exa-
mined the influence of the peri-implant bio-
type. The mean facial dimension of peri-
implant mucosa was slightly greater than the
average dimension of the dentogingival com-
plex. Greater peri-implant mucosal dimen-
sions were noted in the presence of thick

peri-implant biotype as compared to a thin
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biotype.

The present data failed to support the
hypothesis that subjects could be divided into
2 different groups of the gingival thickness by
determining arbitrarily the gingival biotype
from clinical parameters without measuring
the actual thickness. The accurate ways to
measure thickness of facial gingiva and other
parts of the masticatory mucosa are to use a
probe or injection needle traumatically, or
different ultrasonic devices atraumatically.
Ultrasonic devices have been reported to give

reliable measurements. '

V. Conclusion

Determining of the gingival biotype is
clinically wuseful. Different biotypes have
different characteristics that may influence
results of therapy. The determining of bio-
type of each individualis not clearly defined
and performed arbitrarily in most of cases. In
the present study, we confirmed that the
arbitrary determining of biotype does not
represent the actual gingival thickness. The
clinical parameters that were shown to be
related to gingival thickness are width of
keratinized gingiva, cervical convexity, ratio
of width and length of crown and curvature of

gingival margin.
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