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Abstract

Objective: To review the historical and current periodontal phenotype classifications

evaluating methods and characteristics. Moreover, to identify and classify the

methods based on periodontal phenotype components.

Overview: Several gingival morphology studies have been frequently associated

with different terms used causing confusion among the readers. In 2017, the

World Workshop on the Classification of Periodontal and Peri-Implant Diseases

and Conditions recommended to adopt the term “periodontal phenotype”. This

term comprises two terms, gingival phenotype (gingival thickness and keratinized

tissue width) and bone morphotype (buccal bone plate thickness). Furthermore,

gingival morphology has been categorized on “thin-scalloped”, “thick-scalloped”

and “thick-flat” considering the periodontal biotype. However, by definition, the

term phenotype is preferred over biotype. Periodontal phenotype can be evaluated

through clinical or radiographic assessments and may be divided into invasive/non-

invasive (for gingival thickness), static/functional (for keratinized tissue width), and

bi/tridimensional (for buccal bone plate thickness) methods.

Conclusions: “Thin-scalloped,” “thick-scalloped,” and “thick-flat” periodontal bio-

types were identified. These three periodontal biotypes have been considered

in the World Workshop but the term periodontal phenotype is recommended.

Periodontal phenotype is the combination of the gingival phenotype and the

bone morphotype. There are specific methods for periodontal phenotype

evaluation.

Clinical significance: The term periodontal phenotype is currently recommended for

future investigations about gingival phenotype and bone morphotype. “Thin-

scalloped,” “thick-scalloped,” and “thick-flat” periodontal phenotypes can be evalu-

ated through specific methods for gingival thickness, keratinized tissue width, and

buccal bone plate thickness evaluation.
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1 | INTRODUCTION

In the current era of esthetic-driven dentistry it is of utmost impor-

tance to be aware of all the factors that can influence the final

esthetic result of a treatment. One of the most important factors is

the diagnostic assessment of soft and hard tissues around the teeth,

which will have substantial importance in the decision-making process

for periodontal, restorative, prosthetic, orthodontic, and implant

treatment.1-3

The term “gingival biotype” has been commonly used to describe

the gingiva in the bucco-lingual dimension,4 whereas the terms “peri-

odontal biotype,”5 “periodontal morphotype,” “gingival morphotype,”6

and “gingival phenotype”3,7 not only refer to clinical variations in the

gingival thickness (GT) and keratinized tissue width (KTW), but also to

other characteristics, such as bone morphotypes, tooth shape, and

morphological characteristics of the gingiva and the periodontium.4,8

The 2017 World Workshop on the Classification of Periodontal and

Peri-Implant Diseases and Conditions recommended the adoption of

the term “periodontal phenotype,”9 although another report of this

World Workshop used the term “periodontal biotype” to analyze the

mucogingival conditions in the natural dentition.10 Based on this

World Workshop, “periodontal phenotype” describes the combination

of gingival phenotype (three-dimensional gingival volume) and bone

morphotype. Reportedly, gingival phenotype is constituted by GT and

KTW, whereas bone morphotype, by the buccal bone plate thickness

(BBPT).9

Periodontal phenotypes may respond differently to inflammation,

surgical, and restorative procedures since it is observed that both gin-

gival and bone thicknesses may affect the final outcome of the treat-

ment. Several hypotheses have been raised in an attempt to explain

this situation, including difference in the amount of blood supply to

the underlying bone11 and resorption susceptibility.12 In addition, it is

generally accepted that a thin periodontal phenotype is associated

with unfavorable treatment outcomes after surgical interventions.

Furthermore, in patients with thin GT, in most situations, additional

procedures are necessary while in situations with thicker tissues, a

straightforward approach can be chosen.13 Accordingly, special care

should be taken in early diagnosis and treatment planning for patients

with a thin periodontal phenotype.

It is interesting to notice that the recent World Workshop rec-

ommended to evaluate periodontal phenotype in a standardized and

reproducible way, for example, with the aid of a periodontal probe to

measure the GT. To accomplish this, is necessary to observe the peri-

odontal probe by transparency through the gingival tissue after being

inserted into the sulcus. Thus, it is assumed that the probe will be visi-

ble when GT is thin (≤1 mm) and not visible in a thick GT (>1 mm).9

On the other hand, another report of the World Workshop10 catego-

rized the periodontal biotype on “thin-scalloped,” “thick-scalloped,”

and “thick-flat” patterns. Such definitions are based in a systematic

review about periodontal biotype,10 similar to previous studies that

reported two extreme and one in-between cluster.7,14,15 However,

although some methods to discriminate thin or thick gingival pheno-

type were described,1,4,16 there is a lack of knowledge about which

methods can be used to evaluate periodontal phenotypes, especially

in a clinical setting.8-10

In the light of different confusing definitions and several methods

of evaluation reported, adequate knowledge is required for the sake

of familiarity by dental practitioners with recent major updates about

periodontal phenotype to gear knowledge toward optimum early diag-

nosis of patients.

Hence, the objective of the present work is to review historical

and current periodontal phenotype classifications, characteristics, and

considerations reported in the literature. Moreover, to identify and

classify the methods for evaluation of periodontal phenotype compo-

nents (GT, KTW, and BBPT).

2 | HISTORICAL AND CURRENT
CLASSIFICATIONS, CHARACTERISTICS, AND
CONSIDERATIONS ABOUT PERIODONTAL
PHENOTYPE

Periodontal anatomical characteristics have been studied for approxi-

mately one century. Probably Hirschfield17 was the precursor in 1923,

studying dry human skulls of the American Museum of Natural His-

tory looking at periodontal breakdown and reported several findings

related to differences in the alveolar bone investment. In 1940, one

key factor to further investigations in crown characteristics was the

Wheeler´s observations18 that identified special characteristics in the

apical third of extracted teeth. In addition, aspects related to interden-

tal alveolar bone were studied in radiographs with special interest in

the position of the cementoenamel junction (CEJ).19 From those stud-

ies, investigations looked also to soft tissues and, looking at the gingi-

val margin position, suggested that a greater buccal prominence of

tooth surface may condition a more apical position of the gingival

margin.20 Later, O´Connor and Biggs21 studied maxillary and mandib-

ular dry humans skulls and stated that the interproximal bone in the

anterior region was predominantly convex, whereas in the posterior

region was predominantly flat.

In the late 1960s, early descriptions of the gingival characteristics

expanded based on the work of Ochsenbein and Ross22 who reported

the association between gingival anatomy and the underlying bone.

Concurrently, these authors identified the “pronounced scalloped”

and “flat” gingival anatomies. However, in 1977, Weisgold23 described

in detail “thin-scalloped” and “thick-flat” gingival architectures consid-

ering crown convexities and contact areas, as well as the per-

iodontium and the association between the form and the function.

The link between the periodontal phenotype studies and the GT

gained momentum with the Claffey and Shanley´s investigation24

about the relationship between the gingiva and bleeding on probing

following non-surgical periodontal therapy. These authors addressed

the transgingival probing method with the use of a

stainless-steel wire for the bucco-lingual GT measurement (thin or

thick).

In 1989, periodontal biotype term was coined by Seibert and

Lindhe5 who classified the periodontium into “thin-scalloped” and
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“thick-flat” biotypes. The first was associated with narrow zones of

keratinized gingiva and slender teeth, whereas the latter was associ-

ated with wide zones of keratinized gingiva and quadratic teeth.

For the purpose of the present study, we divided the time line in

four Eras of periodontal phenotype. Table 1 provides information

from the First Era (1923-1989) with the main studies reporting the

aforementioned classifications, characteristics, and considerations

about the periodontal phenotype.

After the identification and description of two basic types of peri-

odontal biotype, second era of periodontal phenotype (1991-1998)

prompted the investigation of relationship between tooth dimensions

and periodontal characteristics considering clinical evaluation, photo-

graphs, transgingival probing (syringe needle), and study casts.6,25 Impor-

tantly, Olsson et al.6 defined specific characteristics of a “thin-scalloped”

and “thick-flat” biotype when the relationship between crown form and

clinical features of the gingiva in adolescents was studied. More relevant

for future studies addressed in periodontal phenotype was the inclusion

of GT and KTW parameters,6 as well as the dentogingival complex mea-

surement from the free gingival margin to the osseous crest.26 Further-

more, the mucoperiosteal flap thickness,27 and the soft tissue

thickness,28 were considered for guided tissue regeneration with a

threshold of 1 or 0.5 mm to consider thin or thick tissues.

In 1997, one innovative information at the time was the alveolar

bone anatomical morphotypes proposed by Becker et al.29 These

authors evaluated the relationship of alveolar bone morphology with

tooth form in dry human skulls considering the measurement from the

interdental bone to the alveolar buccal crest. Thus, they demonstrated

the existence of three bone morphologic types named flat (2 mm),

scalloped (3 mm) and pronounced scalloped (4 mm). It was also with

this new concept that Muller and Eger,7 identified three gingival

TABLE 1 Characteristics of classification possibilities in the First Era of periodontal phenotype: 1923-1989

Autor (year)
Study object/
subject

Method of
evaluation

Classifications, characteristics, and considerations
about periodontal phenotype

Hirschfield
(1923)17

Dry human skulls Clinical
autopsy

A thin alveolar bone contour is probably covered with
a thin gingival form. The buccal (or lingual) alveolar
crest is flat if the contiguous tooth surface is flat
and the gingival shapes follow the same pattern.

Wheeler
(1940)18

Extracted
Teeth

Clinical
autopsy

Cervical ridge in the apical third of all crowns (at the
CEJ) is about 0.5 mm thicker than the tooth surface
to hold the gingiva in a definite tension.

Ritchey and Orban
(1953)19

Anterior and posterior
oral radiographs

DV The configurations of the interdental alveolar septa
are determined by the relative positions of the CEJ.

Morris
(1958)20

Oral
photographs

DV The position of the gingival margin is determined by
the buccal (or lingual) prominence of the tooth
surface. It is more coronal with lesser prominence
and more apical with greater prominence. The
degree of prominence may be influenced by tooth
position, tooth shape, and bone shape.

O'Connor
and Biggs
(1964)21

Dry human skulls Clinical autopsy Interproximal bone in the anterior region is
predominantly convex, whereas in the posterior
region is predominantly flat.

Ochsenbein
and Ross
(1969)22

Patients Clinical Association between gingival anatomy and underlying
bone. “Pronounced scalloped” type: Tapering teeth.
“Flat” type: Square teeth.

Weisgold
(1977)23

Patients Clinical Gingival architecture. “Thin-scalloped” type: Very
subtle cervical convexities, very small contact areas
and located near the incisal edge, tendency to have
lees attached gingiva, thinner periodontium, and
more susceptibility to recession. “Thick-flat” type:
Distinct cervical convexities and broader contacts
areas located more towards the gingival area. The
form and function are associated.

Claffey
and Shanley
(1986)24

Maxillary and
mandibular
anterior and premolar
regions

Clinical, transgingival stainless-steel
wire

Buccolingual gingival thickness. “Thin”: ≤ 1.5 mm.
“Thick”: ≥ 2 mm.

Seibert
and Lindhe
(1989)5

Periodontal biotype. “Thin-scalloped” type: Narrow
zones of keratinized gingiva and slender teeth.
“Thick-flat” type: Wide zones of keratinized gingiva
and quadratic teeth.

Abbreviations: CEJ, cementoenamel junction; DV, direct vision.
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phenotypes named A (normal), B (thick), and C (thin) via cluster analy-

sis considering GT, gingival width, and the crown width/crown length

ratio. These findings clearly highlighted the existence of three different

gingival phenotypes related to maxillary anterior teeth and surrounding

soft tissues. In the late 90s, alongside the initial descriptions of three

anatomical morphotypes and three gingival phenotypes, several charac-

teristics of the “thin-scalloped” and “thick-flat” periodontium were

described, whereas “pronounced-scalloped” periodontium was little

mentioned.30 Table 2 outlines the main studies from the Second Era

(1991-1998) of the aforementioned information.

From the year 2000, the Third Era of periodontal phenotype

arose with investigations related to three groups of subjects with

different periodontal phenotypes after the inclusion of an in-between

cluster.7 Moreover, the proposition of a simple visual method for GT

evaluation based on the transparency of the periodontal probe

(TRAN) through the gingival margin was emphasized.28,31 Muller

et al.14 performed another study to confirm the results of their previ-

ous investigation7 about periodontal phenotype and identified three

clusters named A1, A2, and B. Thus, cluster A was subdivided into

2 fractions (A1 and A2) with distinct characteristics to cluster

B. Subsequently, information about tissue biotype and gingival pheno-

type related to surgical crown lengthening32 and associations with

Schneiderian membrane thickness33 were also documented. Techni-

cally, a key to further investigations in periodontal phenotype analysis

TABLE 2 Characteristics of classification possibilities in the Second Era of periodontal phenotype: 1991-1998

Autor (year) Study object/subject Method of evaluation
Classifications, characteristics, and considerations
about periodontal phenotype

Olssson

and Lindhe

(1991)25

All teeth Clinical, oral photographs Relationship between crown form and periodontal

characteristics. Long-narrow teeth showed thin

biotype, length twice their width, gingival margin

more apical (about 1 mm), and more recession

compared to short-wide teeth.

Olsson

et al.

(1993)6

Maxillary anterior region Clinical, transgingival

syringe needle, oral

photographs, study

casts

Relationship between crown form and clinical features

of the gingiva. Long-narrow teeth showed narrow

zone of keratinized gingiva, shallow probing depth,

and pronounced scalloped contour compared to

short-wide teeth. No difference with respect to the

thickness of the free gingiva.

Kois

et al. (1994)26
Maxillary anterior region Clinical Gingival levels in relation to the restorative margin

considering the DGC dimension. Measurement from

the free gingival margin to the osseous crest using a

periodontal probe. High osseous crest: DGC < 3 mm.

Low osseous crest: DGC > 3 mm. Normal osseous

crest: DGC = 3 mm.

Anderegg et al.

(1995)27
Maxillary or mandibular molar regions Clinical, calipers Mucoperiosteal flap thickness. “Thin:” ≤ 1 mm. “Thick”:

> 1 mm.

Harris RJ.

(1997)28
All teeth Clinical, TRAN Soft tissue thickness. “Thin”: < 0.5 mm, possible to see

the periodontal probe through the tissue. “Thick”:
Not possible to see the periodontal probe through

the tissue.

Becker et al.

(1997)29
Dry human skulls/Maxillary

anterior region

Clinical

autopsy

Alveolar bone anatomical morphotypes. Measurement

from the interdental bone height to the alveolar

buccal crest. “Group flat”: 2.1 mm. “Group
scalloped”: 2.8 mm. “Group pronounced scalloped”:
4.1 mm.

Müller

and Eger

(1997)7

Maxillary and mandibular

anterior and premolar regions

Clinical, ultrasonic

device, study casts,

caliper

Gingival phenotype. “Cluster A" (Normal): Normal GT,

GW (width of KT), and CW/CL. “Cluster B" (Thick):
Thicker and wider gingiva, quadratic tooth. “Cluster C"
(Thin): Normal GT, narrow zone of KT, quadratic tooth.

Sanavi

et al. (1998)30
Periodontal biotype. “Thin-scalloped” and “thick-flat”
types: Considerations about DGC, gingiva, crown

form, contact areas, cervical convexity, interproximal

papillae, underlying bone, roots, and biologic width.

“Pronounced-scalloped” type only mentioned.

Abbreviations: CW/CL, crown width/crown length ratio; DGC, dentogingival complex; GT, gingival thickness; GW, gingival width; KT, keratinized tissue;

TRAN, periodontal probe transparency.
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using tridimensional images was the inclusion of the cone-beam com-

puted tomography (CBCT) especially the soft tissue CBCT (ST-CBCT)

for clear visualization and measurement of periodontal structures and

dentogingival attachment apparatus.34

Further cluster investigations were made in 2009. De Rouck et al.15

confirmed the existence of three gingival biotypes (A1, A2, and B) when a

large sample of periodontally healthy volunteers was studied using the

TRAN method. According to the authors, the cluster A1 characteristics

seemed to correspond with the “thin-scalloped” biotype, whereas the clus-

ter B characteristics, with the “thick-flat” biotype. However, the cluster A2

could not be classified as either A1 or B. Around this time, Eghbali et al.35

used the cluster analysis performed earlier by De Rouck et al.15 to evaluate

the precision of direct visual inspection (clinical slides) as a method to iden-

tify the gingival biotype. Finally, a key development in the periodontal

phenotype field was the thick biotype sub-classification. Hence, “thin-sca-

lloped”, “thick-scalloped” and “thick-flat” biotypes were proposed consider-

ing that “thick-scalloped” biotype has characteristics in common with both

other more extreme biotypes.15,35 Further studies highlighted the reliability

of the TRAN and CBCTmethods for evaluating gingival biotype,36 and clin-

ical thickness of both buccal gingiva and bone.12 Table 3 presents the main

studies of the Third Era of periodontal phenotype (2000-2010).

Accumulating evidence during the previous periods shows that

three periodontal biotypes (“thin-scalloped”, “thick-scalloped”, and

“thick-flat”) are recognized based in distinct characteristics associated

with GT, gingival morphotype, bone morphotype and tooth dimen-

sions, respectively.8 Further evidence reported that a thin periodontal

biotype was associated with a thinner buccal bone plate thickness

(BBPT) different to thick/average periodontal biotype.37 In addition,

Zweers et al.8 is credited for the highly recognized systematic review

where “thin-scalloped,” “thick-scalloped,” and “thick-flat” periodontal

biotypes were reported. In 2015, Fischer et al.38 provided evidence of

four groups defined as “very thin,” “thin,” “thick,” and “very thick” gin-

gival biotypes. These studies compose the body of evidence

supporting the Forth Era of periodontal phenotype (2011-2018).

Investigations have also used cluster analysis to include GT,

BBPT, bone crest to the gingival margin, bone crest to the CEJ, and

crown length measurements using CBCT technology. Hence, “thin,”

“average,” “mixed,” and “thick” periodontal biotypes were identified.39

Meanwhile, some investigators performed novel classifications relying

on to the introduction of especial periodontal probes for the TRAN

method. In line with this, Fischer et al.40 introduced a new classifica-

tion using a doble-ended periodontal probe as an assessment tool for

the TRAN method execution. Accordingly, “thick”, “moderate”, and

“thin” gingival biotypes were reported considering the visibility of a

periodontal probe with two unequal thick endings through the sul-

cus.40 Similarly, Kloukos et al.41 compared four methods for GT evalu-

ation and identified “thin,” “medium,” “thick,” and “very thick” gingival

phenotypes after the use of a special periodontal probe with a colored

tip (white, green, and blue).

Breakthrough studies published in the Fourth Era of periodontal phe-

notype (2011-2018) include the 2017World Workshop on the Classifica-

tion of Periodontal and Peri-Implant Diseases and Conditions where

information about periodontal manifestations of systemic diseases and

developmental and acquired conditions were focused in the workgroup

3 led by professor Søren Jepsen.9 Considering the development of gingival

recession associated with the gingival phenotype, the workgroup

3 highlighted the differences between biotype and phenotype. In simple

words, biotype is genetically predetermined, cannot be modified and does

not incorporate environmental factors and clinical intervention that can

alter the periodontal tissue profile. On the other hand, phenotype can be

defined as the appearance of an organ based on a multifactorial combina-

tion of genetic traits and environmental factors; for that, its expression

includes the biotype.9 In addition, phenotype refers to the observable prop-

erties of an organism that are produced by the interaction of the genotype

and the environment.42 Hence, periodontal phenotype can be modified by

clinical interventions and environmental factors, such as orthodontics,

overhanging restorations, or autogenous gingival grafting procedures.9

Accordingly, the recent World Workshop recommended the adop-

tion of the term phenotype to describe the combination of the gingival

phenotype, constituted by the GT and the KTW, and the bone mor-

photype, that is, BBPT. In addition, the World Workshop also rec-

ommended to use a periodontal probe in a standardized and

reproducible way to measure the GT observing the periodontal probe

shining through gingival tissue after being inserted into the sulcus.9

However, it is important to mention that another review of the recent

World Workshop reported by Cortellini and Bessada,10 focused on the

periodontal biotype. In this regard, these investigators considered the

classification proposed by Zweers et al.8 where the periodontal biotype

was categorized in “thin-scalloped”, “thick-scalloped”, and “thick-flat”.

On the other hand, a recent review article published by Avila-Ortiz

et al.43 analyzed the components of the periimplant phenotype (soft tis-

sue and bone) as an analogous term of periodontal phenotype. Based in

the all aforementioned classifications, characteristics, and definitions, it

is worthwhile to note that periodontal phenotype is the recommended

term used for future investigations. Table 4 depicts the ultimately main

studies of the Fourth Era of periodontal phenotype (2011-2018).

3 | PERIODONTAL PHENOTYPE
EVALUATION

Periodontal phenotype can be evaluated considering the gingival phe-

notype (GT and KTW) and the bone morphotype (BBPT) components.

In the following section, the identified methods for periodontal phe-

notype evaluation were divided on clinical autopsy, clinical or radio-

graphic assessment and direct vision/measurement assessments.

Table 5 summarizes important information about advantages and dis-

advantages of the methods as well as the variants of each described

technique.

3.1 | Clinical autopsy

Autopsy evaluation has been performed in dry human skulls,17,21,29

extracted teeth,18 fresh cadaver heads,12 and histologic images.44 Ear-

liest reports of maxillary and mandibular dry human skulls, and

MALPARTIDA-CARRILLO ET AL. 5



extracted teeth were the historical beginnings for the future knowl-

edge about specific periodontal phenotype characteristics.

3.2 | Clinical or radiographic assessment

Considering the identified information, clinical or radiographic GT

assessment can be divided in invasive and noninvasive methods. On

the other hand, KTW can be assessed with static and functional

methods, whereas BBPT can be measured considering bidimensional

and tridimensional techniques.

3.2.1 | Invasive methods for GT evaluation

Transgingival probing

This invasive method comes from the bone sounding technique used

for plotting the morphological outline of the bone (bone mapping) as

TABLE 3 Characteristics of classification possibilities in the Third Era of periodontal phenotype: 2000–2010

Autor (year) Study object/subject Method of evaluation

Classifications, characteristics, and

considerations about periodontal phenotype

Müller et al. (2000)14 All teeth Clinical, ultrasonic device,

study casts, caliper

Periodontal phenotype. “Cluster A1” (Thin):
Thin GT, narrow width of KT, slender

teeth. “Cluster A2” (Thin): Thin GT, wide

KT, slender teeth. “Cluster B" (Thick): Thick
GT, wide KT, quadratic teeth.

Pontoriero and Carnevale

(2001)32
One or more teeth hampering

restorative measurements

Clinical Tissue biotype. “Thin, normal and thick”.
After surgical crown lengthening the

coronal regrowth of the soft tissues margin

was significantly more pronounced in

patients with thick tissue biotype than

patients with thin tissue biotype.

Aimetti et al. (2008)33 Maxillary anterior region Clinical, transgingival

endodontic reamer

Gingival phenotypes. “Thin”: GT ≤1 mm. “Flat
thick”: GT > 1 mm.

Januário et al. (2008)34 Maxillary right central incisor ST-CBCT scan Periodontal biotype. “Thin, normal, and

thick”. Considerations about the
dimensions and the relationship of the

periodontium structures and the

dentogingival attachment apparatus.

De Rouck et al. (2009)15 Maxillary central incisors Clinical, TRAN Gingival biotype. “Cluster A1”: Thin GT,

narrow zone of KT, slender teeth, highly

scalloped gingival margin. “Cluster A2”:
Thick GT, narrow zone of KT, slender

teeth, highly scalloped gingival margin.

“Cluster B": Thick GT, broad zone of KT,

quadratic teeth, flat and slightly scalloped

gingival margin.

Eghbali et al. (2009)35 Maxillary anterior region Clinical slides Gingival biotype. “Thin-scalloped”: Thin GT,

narrow zone of KT, slender teeth, highly

scalloped gingival margin. “Thick-
scalloped”: Thick GT, narrow zone of KT,

slender teeth, high gingival scallop. “Thick-
flat”: Thick GT, broad zone of KT,

quadratic teeth, flat gingival margin.

Kan et al. (2010)36 Maxillary anterior region Clinical, TRAN,

tension-free caliper

Gingival biotype. “Thin”: Delicate, friable, and

almost translucent. Visibility of the

periodontal probe through the gingival

tissue. GT ≤1.0 mm. “Thick”: Dense and

fibrotic. Periodontal probe not visible. GT:

> 1.0 mm.

Fu et al. (2010)12 Fresh cadaver heads/Maxillary

anterior region

Clinical autopsy, TRAN,

CBCT-scan, tension-free

caliper

Tissue biotype. “Thin”: Outline of the

periodontal probe visualized through the

gingival margin. “Thick”: Outline of the

periodontal probe not visualized.

Abbreviations: GT, gingival thickness; KT, keratinized tissue; ST-CBCT, soft tissue cone-beam computed tomography; TRAN, periodontal probe

transparency.
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an estimator of alveolar bone level.45,46 Greenberg et al.47 modified

the sounding technique term for transgingival probing, and this term

was used later for GT evaluation. Originally, the technique consists on

the use of local anesthesia and a periodontal probe positioned per-

pendicularly to pierce the soft tissue surface until reaching resistance

of the bone. In the beginning, stainless-steel wire (0.4 mm

diameter),24 and a disposable sterile syringe needle (0.40 mm/27G)6

were used. Subsequently, endodontic reamer,33 spreader,48 files,49 or

disposable acupuncture needles41 were also used for this propose. In

addition, a rubber stopper (endodontic deep marker) in contact with

the tissue is necessary to assess the GT measurement. The rubber

stopper in contact with the tissue can be fixed using cyanoacrylate

to impede slipping.50 However, due to additional implements, some

authors51 recommend to use flowable composites instead of a rub-

ber stopper (the latest two studies above mentioned were done for

measurement palatal mucosa thickness). Finally, the distance

between the rubber stopper or composite and the tip of the instru-

ments can be measured round off the nearest 0.5 mm using light

TABLE 4 Characteristics of classification in the Fourth Era of periodontal phenotype: 2011–2018

Autor (year) Study object/subject Method of evaluation

Classifications, characteristics, and considerations

about periodontal phenotype

Cook et al.

(2011)37
Maxillary anterior

region

Clinical, TRAN, ST-CBCT

scan, study casts

Periodontal biotype: “Thin”: Flat or scalloped gingival

architecture, probe seen through the gingiva.

“Thick/average”: Flat or scalloped gingival

architecture, probe not seen through the gingiva.

Zweers et al.

(2014)8
Periodontal biotype: “Thin scalloped”: Clear thin

delicate gingiva, narrow zone of KT, slender

triangular shaped crowns, subtle cervical convexity,

interproximal contacts close to the incisal edge, and

a relatively thin alveolar bone. “Thick scalloped”:
Clear thick fibrotic gingiva, high gingival scallop,

narrow zone of KT, and slender teeth. “Thick flat”:
Clear thick fibrotic gingiva, broad zone of KT, more

square shaped tooth crowns, pronounced cervical

convexity, large interproximal contact located more

apically, and a comparatively thick alveolar bone.

Fischer et al.

(2015)38
Maxillary anterior

region

Clinical, TRAN, study

casts, digital caliper

Gingival biotype. “Very thin”: The lowest GT. “Thin”:
Probe seen through the gingiva. “Thick”: Probe not

seen through the gingiva. “Very thick”: The highest

GT.

Nikiforidou et al.

(2016)39
Maxillary anterior

region

Clinical, CBCT-scan Periodontal biotype. “Thin, average, mixed, and thick”.
Numerical data about GT, CL, buccal bone plate

thickness, bone crest to the CEJ, bone crest to the

GM.

Fischer et al.

(2018)40
Maxillary left central

incisors

Clinical, TRAN, digital

caliper

Gingival biotype: Double-ended periodontal probe.

“Thick”: The thick probe ending is not detectable

through the sulcus. “Moderate”: The thick probe

ending is visible through the sulcus but the other

thin ending is not visible. “Thin”: The thin probe is

noticeable.

Kloukos et al.

(2018)41
Mandibular central

incisors

Clinical, TRAN,

transgingival

acupuncture needle,

ultrasonic device

Gingival phenotype. Visibility of a periodontal probe

with a colored tip (white, green, and blue) through

the gingiva. “Thin”: White tip visible. “Medium”:
White tip is not visible, but the green tip is. “Thick”:
Green tip is not visible, but the blue tip is. “Very
thick”: Not even the blue tip is visible.

Cortellini and Bissada

(2018)10
Periodontal biotype. “Thin-scalloped”, “thick-

scalloped”, and “Thick-flat”. The same

characteristics proposed by Zweers et al.8

Jepsen et al.

(2018)9
Periodontal phenotype. “Gingival phenotype”:

Gingival thickness, keratinized tissue width. “Bone
morphotype”: Buccal bone plate thickness. “Thin”:
GT ≤1 mm. Probe seen through the gingiva.

“Thick”: GT > 1 mm. Probe not seen.

Abbreviations: CEJ, cementoenamel junction; CL, crown length; GM, gingival margin; GT, gingiva thickness. KT, keratinized tissue; ST-CBCT, soft tissue

cone-beam computed tomography; TRAN, periodontal probe transparency.
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microscope,6 calipers,41 or endodontic rulers.48 For reproducible

measurements of specific sites, as for example palatal mucosa thick-

ness, a study cast with an acrylic transparent splint was rec-

ommended. Measurement holes in the splint are used as a guiding

path for the instrument (periodontal probe or needle) once the

splint is placed back on the patient´s mouth.52,53

Transformer probe

This method was proposed for measuring GT based in a differential

transformer coupled to an oscillator and digital voltmeter. The probe

assembly showed an accuracy of 0.01 mm, whereas the average range

of difference in replicate measurements was below 0.15 mm.53,54 The

information about this method is scarce.

3.2.2 | Noninvasive methods for GT evaluation

Ultrasonic device

This method utilizes ultrasound wave distribution, dispersion, and

reflection on an interface. Initially, the ultrasonic echo-ranging instru-

mentation was used to measure the resting thickness of masticatory

mucosa and the change in thickness as a result of compressive

mechanical stress.55 Later, more sophisticated ultrasonic devices

(3 mm diameter of transducer probe and weight of 19 g) based on the

pulse-echo principle were used in important investigations about gin-

gival phenotype.7,14,41,56 Moreover, ultrasonic biometer was also

reported.57,58 In some reports ultrasonic devices are considered as the

most noninvasive methods.36

Calipers

This device has been used with acrylic template as a guide to mea-

sure changes in pre and postoperative free gingival grafts,59 as well

as to measure mucogingival flap reflection at the time of guided

tissue regeneration surgery.27 In addition, specific distances in

study casts,14 and soft and hard tissue dimensions12,36 can also be

measured using this instrument. It is recommended to modify the

caliper by cutting the spring in order to eliminate the tension of

the arms avoiding excessive pressure on the evaluated tissues.60 A

special manual caliper designed with minimal tension is also avail-

able. In the periodontal field, Boley gauge caliper12,27 and Iwanson

caliper36 are the most used calipers. Besides that, the Iwanson cali-

per can be modified with two extended arms (tips of two periodon-

tal probes) fused by the head gauge. One arm is pushed

underneath the gingival sulcus and another arm is over the tis-

sues.61,62 However, the scientific evidence is scarce about this

modified caliper. Recently, a customized digital caliper has been

introduced for GT measurement with a minimal spring force (4 N/

mm2).38,40,63

Reportedly, the most common cutoff dimension to separate thick

and thin GT is 1.0 mm,9,27,33,36 However, a systematic review consid-

ered this numerical assignment as an arbitrary categoryzation.64 Cali-

per instruments are considered the most objective method but its

clinical use may provide some challenges.36T
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Periodontal probe transparency

Earlier reports used an amalgam matrix band to identify the translucency

of gingival marginal thickness prior to restorative procedures to avoid

the gray shade of the metal-ceramic crowns through the tissues.65 Later,

GT was categorized as thin if the outline of the periodontal probe was

visible through the gingival margin and thick, if it was not visi-

ble.12,15,36-38 Recently, double-ended periodontal probe40 and periodon-

tal probe with a colored tip (white, green, and blue)41 were included as

special instruments to analyze the GT using the TRAN method. Cur-

rently, the World Workshop recommended to assess the periodontal

phenotype using the TRAN method. The probe will be visible in thin

periodontal phenotypes (≤1 mm) and will not be visible in thick peri-

odontal phenotypes (>1 mm).9 However, based in three gingival pheno-

types identified,8,10,15,35 the TRAN method indicates thin GT for “thin-

scalloped” phenotypes, and thick GT for “thick-scalloped” and “thick-

flat” gingival phenotypes, respectively. In addition, other characteristics

must be considered to differentiate the three periodontal phenotypes.

According to the literature, the TRAN method is highly reliable36 and

reproducible.15 Also, it is one of the most frequently used methods to

analyze periodontal phenotypes.9,12,15,36-38,40,41

Parallel profile radiographs

This method was proposed for measuring the dentogingival unit on

the buccal surfaces of anterior teeth using the long cone parallel tech-

nique.66 A gutta-percha point cut to the known sulcus depth was

inserted to the base of the sulcus; the apical end of the point marks

the bottom of the sulcus, the coronal end depicts the gingival margin,

and buccally it defined the inner surface of the free gingiva. Two

radiographs were made, one in a frontal projection, and the second

(parallel profile radiographs [PPRx]) in a lateral position using a peri-

apical film holding system.53,66 Also a self-sticking lead plate or metal

strip (5.0 × 1.0 × 0.1 mm3)67-69 well aligned to the long axis of the

tooth and with the edge of the gingival margin is positioned (reference

point) delimiting the gingival profile up to the gingival margin. Occlusal

films and plastic lip retractors are variants of this radiographic mor-

phometric technique or tangential radiography.69 According to the lit-

erature, the thickness of some structures as for example free gingiva,

gingiva at the supracrestal attachment, attached gingiva, and BBTP

can be measured.67,68

Cone-beam computed tomography

CBCT was introduced as a volumetric computed tomography, uses the

cone-beam technique instead of traditional fan-beam technique and is

specially devoted to maxillofacial imaging.70 The ST-CBCT was proposed

as a variant to retract the soft tissues (lip, cheeks, and tongue) away from

the gingiva in both buccal and palatal aspects. Thus, a dark air-filled space

is created which makes an important distinction between soft and hard

tissues.34 Dentogingival unit dimensions,34 palatal mucosa thickness,71

crowns length,39 maxillary and mandibular BBPT,49 has been measured

using ST-CBCT. For retraction of the soft tissues, plastic lip retractor,34

plastic lip retractor plus wooden spatula across the mouth,71 cotton

rolls,39 acrylic plates with radiopaque guides,49 or the puffed cheek tech-

nique72 have been recommended.

3.2.3 | Static methods for KTW evaluation

Visual assessment

Visual assessment of the KTW can be performed through clinical

appearance evaluation and histochemical staining. Clinical appearance

is based on the mucogingival junction identification that represents

the separation line between the keratinized tissue and the alveolar

mucosa. The evaluation represents the distance measured mid-

buccally, to the nearest mm, from the free gingival margin to the

mucogingival junction.6,7,15,38,40,73 Generally, caliper instruments7 or

periodontal probes15,38,40 have been used for the measurement. On

the other hand, KTW can be assessed visually after staining the

mucogingival complex with Schiller53 or Lugol iodine solution (iodine

test).74-77 This technique is based on the difference in the glycogen

content between the alveolar mucosa (high glycogen content) and the

keratinized tissue (low glycogen content). Thus, the iodine test clearly

demarcates the mucogingival line. Later, a periodontal probe with a

rubber stopper can be used for measurements.74

3.2.4 | Functional methods for KTW evaluation

Pushing technique

The mucogingival line can be estimated as a borderline between the

movable and immovable tissue. The mobility of tissue is determined

using a periodontal probe that is positioned horizontally from the ves-

tibule toward the gingival margin using light pressure.75-78 This

method is also named as wrinkle technique.6,38,40,79

3.2.5 | Bidimensional BBPT

Parallel profile radiographs have been used as an alternative method

for BBPT in a bidimensional plane.66-69 However, the information

obtained is limited to the anterior region.53

3.2.6 | Tridimensional BBPT

ST-CBCT is a more reliable method for BBPT.12,37,39 However, it is

not recommended for the specific bone morphotype evaluation but it

can be proposed as a tool for additional therapeutic information.9

3.3 | Direct vision/measurement

Earlier studies reported important information about gingival characteris-

tics considering only visual assessments. Classically, dense and fibrotic gin-

gival appearance has been considered as thick; whereas friable, delicate,

and translucent gingiva has been considered as thin.5,23,36 Oral radio-

graphs19 and oral photographs,6,20,25,35 were also used. Moreover, several

investigations used study casts to analyze the relationship between tooth

dimensions and periodontal characteristics (dento-papillary
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complex).6,7,14,37,38,62 Finally, virtual models80 and alginate impressions81

are considered as complements for gingival phenotype evaluation.

The present study tried to analyze a historical perspective of peri-

odontal phenotype. Despite the fact that periodontology is not based

on anatomical features as it has been in the past, it is recognized that

periodontal phenotype has an importance in gingival recession and

correct position of soft tissue around implants, especially concerning

esthetics. In clinical periodontology, the anatomical features do not

display a role in pathogenesis of periodontal breakdown. However,

this might not be the same in implantology. Therefore, knowledge

about these anatomical features is an important part of integral clini-

cal periodontology. Also, it should be highlighted that the surrounding

bone has an importance on periodontal phenotype.

4 | CONCLUSIONS

The classification systems emphasize “thin-scalloped,” “thick-scalloped,”

and “thick-flat” periodontal biotypes. These three periodontal biotypes

have been considered in the World Workshop but the term periodontal

phenotype is recommended. Periodontal phenotype is the combination

of the gingival phenotype (GT and KTW) and bone morphotype (BBPT).

The periodontal phenotype can be evaluated through clinical or

radiographic assessment divided into in/noninvasive (for GT), static/

functional (for KTW), and bi/tridimensional (for BBPT) methods. In

addition, clinical autopsy and direct vision/measurements have been

used in earliest studies, today considered as complementary tools for

periodontal phenotype evaluation.
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