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Abstract

Oral tissues show different response and behavior to different oral diseases and treatment procedures. A clinically healthy
periodontium has shown to have a varied phenotypic appearance differing from subject to subject. Several researchers, on-
lookers, academicians, and clinicians have tried to study in their ways about these different gingival entities. Apart from, various
local factors, host response and individual host characteristics have been seen to play a central role. Gingival biotype and
gingival bioform determined by factors such as crown width, crown length, gingival width, papilla height, gingival thickness,
and significantly influence the disease progression as well as treatment outcome. This review describes and highlights these

gingival parameters and the factors affecting it.
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INTRODUCTION

Research has always played a key role in the field of
periodontics. With the ever increasing scientific knowledge
about smaller and smaller tissues, several new aspects
of etiology, pathogenesis and also the related treatment
options have come up and broadened the horizon of
the existing periodontology. Hence, keeping up with this
research orientation, the current ongoing subject of interest
is the base of periodontium - The human gingiva.

Now, since long, the explanations for the occurrences of a
particular periodontal disease have been largely influenced
by paradigms that reflected the understanding of the
disease during that time. But today, with the improvement
of our knowledge toward the pathogenesis of periodontal
diseases, apart from the presence of local factors, host
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response is considered to be one of the most important
aspects to influence its initiation and progtession.' This is
evident from the observation that same quantity and quality
of plaque exhibits differences in severity of periodontal
diseases in different subjects.’

This observation has led to speculate to other putative
(associated) reasons to find out the different responses
and behavior of the tissues during disease and treatment.
The researchers concentrated to explain this on the basis
of different systemic and local factors. Sometimes, we
get progressive periodontal pockets and at another time
we observe recession. Is the behavior of the local tissues
responsible for this different response? In this aspect,
the anatomical and histological characteristics have been
analyzed extensively, and the researchers have found
difference in the biological behavior, and its configuration at
large, and it is speculated that this difference is responsible
for different tissue responses.”

HISTORICAL BACKGROUND

A clinically healthy periodontium has shown to have a varied
phenotypic appearance differing from subject to subject.’
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Several researchers, on-lookers, academicians, and clinicians
have tried to study in their ways about these different gingival
entities. Like in 1969, Ochsenbein and Ross suggested the
occurrence of two main vatiants of gingival morphology:*
e Scalloped and thin gingiva

*  Flat and thick gingiva.

While some researchers attributed this difference to
the difference in shape and form of the teeth,> there
were others who proposed that it was the contour of
the underlying alveolar bone which ultimately determined
the gingival contour.® As they served to illustrate the
existence of markedly different periodontal entities, they
were called as “gingival biotypes.”’

Now, as these observations gained momentum and caught
the eye of the fellow researchers, different terminologies
came up describing these varied morphologies. The term
“periodontal biotype”® was introduced by Siebert and
Lindhe to categorize the gingiva into “thick-flat” and
“thin-scalloped biotypes. In 1997, Muller H coined the
term “gingival” or “periodontal phenotype” to address
the common clinical observations of the great variation in
the thickness and width of facial keratinized tissue.” With
the advent of dental implants, the term “gingival biotype”
or “morphotype” was renamed to “soft tissue biotype” to
encompass tissue around both teeth and implants."

GINGIVAL BIOTYPE

The oral mucosa of every individual is divided into two
soft tissue entities: Gingiva and alveolar mucosa. Both
these tissues are characteristically different clinically as
well as histologically."" Before, it was known that it was
the proportion of these two tissues that predisposed
an individual to the risk of developing mucogingival
problems,'? but now, with the deeper knowledge about
the existence of variations even within these tissues, it is
clear that along with their proportions, the difference in
the morphologic and histologic characteristics of gingiva
itself increased the likelihood of mucogingival deformities,
and such variations are termed as thick and thin biotypes.”

The term gingival biotype'*'” has been used to describe the
thickness of the gingiva in the faciopalatal dimension and
it is a genetically determined trait."*!” In general, there are
two variants of gingival biotype which are found to exist
as follows:

e Thick biotype (prevalence: 85%)

*  Thin biotype (prevalence: 15%).

Along with this, there are also few other cases which
have overlapping features of both thick and thin types in
different areas of the arches.?

Thick biotype, as the name suggests, is characterized by
thick gingival tissue and is generally found to be most
commonly related with good periodontal health. Such a
tissue is quite dense in appearance with a sufficient zone
of attached gingiva. There are ample of evidence which
suggest that when subjectively determined, a thick tissue
resists trauma and subsequent recession, enables tissue
manipulation, promotes creeping attachment, improves
implant aesthetics, exhibits less clinical inflammation,
and renders predictable surgical procedures.””* Now, the
factors that are responsible for these characteristics are
as follows:

1. The presence of a high volume of extracellular matrix
and collagen which permits the tissue to withstand
collapse and contraction.

2. An increase in the layers of epithelial keratinization,
which deflects physical damage and microbial ingress.

3. An increase in vascularity. The great perfusion
enhances oxygenation, clearance of toxic products,
immune response, and growth-factor migration,
thereby boosting healing,

On the other hand, thin biotype as the name suggests is
characterized by thin gingival tissue making it delicate and
almost translucent in appearance. Such a tissue appears
friable, usually, having a minimal zone of attachment.
The soft tissue is highly accentuated and often suggestive
of thin or minimal bone over the roots labially, and
evidence are there showing that the thin gingival tissue
is less resistant to any inflammatory/traumatic/sutgical
insult and so usually exhibits pathological changes like
the gingival recession.!*'%*?732 Furthermore, they are
frequently characterized by osseous defects like fenestration
and dehiscence.”

As seen in the description above, the different gingival
biotypes respond differently to inflammation, restorative
procedures, trauma, and parafunctional habits."” Even
the tissue response to different treatments varies.*
Therefore, an accurate diagnosis of gingival tissue
biotype is of the utmost importance in deciding an
appropriate treatment plan and achieving a predictable
esthetic outcome.

GINGIVAL BIOFORM

Clinically, great variation exists between humans
with respect to morphological characteristics of the
periodontium, and as seen above, two basic “biotypes”
of gingival architecture, the “scalloped-thin” and the
“flat-thick,” were proposed to exist. Thick and thin refers
to the dimension of the gingival tissue in the faciopalatal
dimension, whereas the terms “scalloped” and “flat” are
referred as “Gingival Bioform.”
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Gingival bioform refers to different scallop morphologies
of the marginal and interdental gingiva, and as such three
different gingival scallop morphologies are seen:

* Low

e Normal

* High.

They are found to be associated with different tooth forms:
*  Circular/square tooth form shows low/shallow scallop
*  Triangular tooth form shows pronounced scallop.

This shows the subjective assessment of the gingival
bioforms. Objectively, a measurement of 4 mm classifies
the scallop morphologies. According to this, if the distance
between the interproximal gingival peaks (most coronal)
and the mid-facial free gingival margin peaks (most apical)
is 4 mm - normal scallop.

If distance is <4 mm - Low or shallow scallop.

If distance is >4 mm - High or pronounced scallop.

Hence, the scalloped gingiva can be categorized as high,
normal, flat/low.* As known, in a healthy periodontium,
the alveolar crest is positioned approximately 2 mm
apical to the cementoenamel junction (CEJ) and mimics
ot follows the scallop of CEJ.” In the normal and high
scalloped gingival form, there is more tissue coronal to the
interproximal bone than the facial bone.”

Supporting this in a 1994 article, Kois™ examined crestal
bone levels and classified them as normal (crestal bone level
is 3 mm apical to CEJ), high (crestal bone level is <3 mm
apical to CEJ), and low (crestal bone level is >3 mm apical
to CEJ) as found in patients with recession.”

The “scalloped-thin” gingiva has been suggested to be

associated with as follows:

1. Tapered crown form

2. Subtle cervical convexity

3. Minute proximal contact areas located near the incisal
edge of the tooth.

The “flat-thick” gingiva, on the other hand, corresponds
to a tooth with:

1. Squared facial form

2. Distinct cervical convexity

3. Relatively large, more apically located contact areas.

As discussed, the severity of symptoms associated with
plaque-induced periodontal disease might vary according
to different gingival biotypes. Thus, a deep periodontal
pocket might exist in individuals with a “flat-thick”
appearance while gingival recession occurs in individuals
with a “scalloped-thin” appearance in response to plaque-
associated inflammation.**

FACTORS AFFECTING GINGIVAL BIOTYPE
AND GINGIVAL BIOFORM

The different parameters which affect the two morphologic
types (biotype and bioform) are gingival complex,
tooth morphology, contact points, hard and soft tissue
considerations, gingival bioform, and biotype. Hence, a
clinician’s knowledge of anatomy, form, and function of
the dentition is of paramount importance in achieving
optimal treatment outcomes.

It has long been known that clinical appearance of healthy
marginal periodontium differs from subject to subject and
even among different tooth types. It has been suggested that
many features are directly genetically determined, whereas
other morphologic characteristics of the periodontium
seem to be influenced by tooth size, shape and position,
and biological phenomena such as growth or ageing.”’

Gingival thickness affects the biotype of the gingiva,
whereas, crown width (CL): Crown length (CW), papilla
height, and gingival width are responsible for determining
the gingival bioform.

CW: CL

Ochsenbein and Ross first classified the gingival anatomy
as either “flat” or “pronounced scalloped,” with the
suggestion that flat gingiva was related to a square tooth
form and pronounced scalloped gingiva was related to a
tapered tooth form.* Now, what determined this form of
tooth was the ratio between the CW and CL of a tooth.
There was a tendency for a flat gingival architecture to
have a lower tooth height-to-width ratio, while a scalloped
gingival architecture was associated with a higher tooth
height-to-width ratio, but the differences were not
statistically significant in every study.”®”

It has been observed that individuals having a tapered
tooth form usually have a thin, scalloped gingival
architecture, and clinically; this has been associated with
an increased susceptibility to recession. This theory
was further supported by studies demonstrating that
central incisors with a narrow crown form had a greater
prevalence of recession than incisors with a wide, square
form. >’ However, Eger e/ al., on the other hand, failed
to observe a meaningful influence of CW/CL ratio on
gingival thickness.” Furthermore, a study by Cook ef .,
who evaluated various gingival parameters in patients
having different gingival biotypes did not document
any significant differences between tissue biotypes and
crown height to width ration, age, sex and gingival margin
position.”
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GINGIVAL WIDTH

The keratinized portion of the gingiva on the facial aspect
of the teeth extends from the margin of the soft tissue to
the mucogingival junction. Not all of the gingiva covering
the tooth is attached. The attached portion of the gingiva
is clinically defined as the distance from depression below
the projection on the external surface of the gingival sulcus
to the mucogingival junction.

There is no minimum width of keratinized or attached
gingival tissue necessary to maintain health, provided
plaque control is adequate; however, sites with narrow
keratinized gingiva have been associated with increased
recession when exposed to mechanical trauma or poor
oral hygiene,”** and also, it has been suggested that a wide
zone of keratinized and attached gingiva is more desirable
than a narrow zone or a total lack of such a zone, because
a wide zone would better withstand gingival inflammation,
trauma from mastication, tooth brushing and forces from
muscle pull and orthodontic procedutes.

Many clinicians believe that a flat gingival architecture is
associated with a wider zone of keratinized tissue, while a
scalloped architecture is associated with a narrower zone,
and so relatively, a patient with a thin gingival biotype
displays a narrower zone of keratinized tissue than a patient
with a thick/average gingival biotype. Olsson ez al. (1993)
reported significantly wider keratinized tissue at facial
aspects, a lower papilla height, a higher gingival angle of the
crown, but no significant difference in gingival thickness in
short-wide as compared with long-narrow central incisors.*

PAPILLA HEIGHT

In contemporary dentistry, there has been an increasing
demand for improved aesthetics by both dentists and
patients. The existence of the interproximal papilla is pivotal
to an esthetic gingival form''% which is determined by the
form and position of the clinical crown, interproximal
contact point, and form of embrasure space.*

The interdental papilla occupies the interdental or
embrasure space and acts as a barrier to protect undetlying
petiodontal structures® and also plays an esthetic role.*
The distance from the contact point to the interproximal
alveolar crest has been identified as a critical factor in
the presence of a complete papilla, with neatly 100% of
papillae filling the gingival embrasure completely if contact
point-bone crest distance is <5 mm."’

Few studies have examined factors contributing to the
presence and absence of dental papillae. Most focused on

the influence of crestal bone height and/or interproximal
distance. Many other factors that might influence papillary
appearance such as tooth form/shape, gingival thickness
and keratinized gingiva/attached gingiva width, distance
from the contact point to the bone crest, inter-radicular
distance, size of the embrasure space, have never been
fully examined, but these have been listed to be relevant
factors. %

As mentioned above, the morphological properties
of the periodontal tissues are related to the shape and
appearance of the teeth,”® which is generally divided
into triangular, oval, and rectangular types. Chen er al*
suggested that there is a high likelihood that the fidelity
of the interproximal papilla increases as the tooth shape
becomes more rectangular. Kois® and Shigeno® further
claimed that a rectangular tooth shape has alonger contact
area and requires less of the interproximal papilla to fill up
the embrasure space.

There have also been reports showing a positive correlation
between gingival thickness and papilla fill. Decrease in
papilla height is observed with thin biotype. Limited
blood supply™ is believed to be one of the major reasons
why papilla preservation and regeneration are difficult.
Thicker tissue may resist collapse and contraction due to
increased vascularity and extracellular matrix volume.” In
addition, thicker keratinized gingival epithelium may be
more resistant to physical damage and bacterial ingress.
Therefore, thick gingival biotype has been considered more
favorable for achieving optimal aesthetics.

Hence, it has been concluded from several studies that the
appearance of the gingival papilla is significantly associated
with age, tooth form/shape, proximal contact length,
crestal bone height and interproximal gingival thickness,
and the following clinical conditions were found to favor

a gingsizfil papilla that fills the interproximal embrasure

space:
1. Young subject

2. CW/CL =20.87

3. Long proximal contact =2.8 mm

4. Bone crest-contact point =5 mm

5. Thick interproximal gingival tissue =1.5 mm.

GINGIVAL THICKNESS

It has been suggested that different gingival entities have
different tooth shapes.**” Many studies have examined the
correlation between the tooth shape and gingival biotype.
Sanavi ¢t al>* claimed that the thick and flat periodontal
tissues have a rectangular tooth shape, and the thin scallop-
shaped periodontal tissues have a triangular tooth shape.
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Olsson and Lindhe* reported that long and narrow crowns
have thin periodontal tissues and a high likelihood of
having gingival recession compared to the thick gingival
biotype, suggesting a relationship between the tooth shape
and gingival biotype. On the other hand, Olsson ef a/.’
reported no relationship between the tooth shape and
gingival thickness according to the CW and CL.

Studies by Mortis,” Olsson and Lindhe® documented that
individuals with tapered crowns have a thinner biotype,
making them more susceptible to gingival recession. Chow
and Wang™ in their review article stated the presence of
long narrow form with thin gingival tissue. Seo ¢# /> in their
study did not find any statistically significant differences
between the longer and shorter teeth in relation to gingival
biotypes. Weisgold e# al?" considered long tapeting teeth
more susceptible to gingival recession while square teeth
appeared to have a greater zone of gingiva that was more
resistant to gingival recession.

AGE AND SEX

The thicker biotype is more prevalent in male population
while the female population consists of thin, scalloped
gingival biotype.”” On comparing, the prevalence of
gingival biotypes between different age groups, the thick
flat biotype is seen in younger individuals while older age
group shows thin scalloped gingival biotype.*® Vandana and
Savitha**in their study on gingival thickness showed thicker
gingiva in younger age group and stated that decrease in
keratinization and changes in oral epithelium may be the
contributing factors. Chang™ in his study stated that an
inverse relationship has been found to be existing between
papilla height and age. Sanavi e/ a/>* in their review article
described that the inter-root bone is more in the thinner
biotype. This, in turn, can cause more recession. They also
stated that the interproximal papilla does not cover the
spaces between two teeth in thinner biotype as compared
to thick biotype. This could possibly relate to increased
amount of recession and also the presence of thin biotype
in older age group.”’ Chow e al”® also evaluated various
factors associated with the appearance of gingival papillae
and found significant associations with age and the crown
form and gingival thickness. Olsson e @/.>* documented
that the central incisors with narrow tooth form had greater
amount of recession when compared to incisors with
square form. With age, the interdental papilla recedes; this
explains the greater frequency of thin biotype seen with
older age group.”!

Anterior teeth with narrow zones of attached gingiva
are frequently encountered in children. Maynard and
Ochsenbein® suggested that newly erupted permanent

teeth with narrow attached gingiva may run a greater risk
of gingival recession. The results of some cross-sectional
studies in children, teenagers, and adults indicate that
the width of attached gingiva increases with age. In the
permanent dentition, the gingival problems are often
noticed in the age when children are candidates for
orthodontic treatment, and considerable attention has been
focused on vatious therapeutic measures.

CONCLUSION

It is evident from the above-reported literature that
the shape, size, form of the tooth and the surrounding
gingiva is of paramount importance for the causation and
progression of disease and henceforth for the diagnosis
and subsequent inter- and multi-disciplinary treatment
approach. This knowledge of the tissue behavior thus
helps in the right selection of the surgical/restorative/
orthodontic treatment procedure for the patient.
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