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Evaluation of the relationship between gingival phenotype and
alveolar bone morphology

Dis eti fenotipi ve alveolar kemik morfolojisi arasindaki iliskinin
degerlendirilmesi
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Abstract

Objective In recent years, the determination of gingival phenotype has gained importance in the field of dentistry.
Bone and gingival relationship may directly affect the success rate of treatment modalities. The aim of this study is to
evaluate the relationship between gingival phenotype and underlying alveolar bone thickness.

Methods In this study, we investigated the relationship between the clinical periodontal parameters and gingival phe-
notypes on the cone beam computed tomography (CBCT) image taken in the last 3 months of a total of 207 teeth.
The gingival phenotype was identified as “thin” / “medium” / “thick” with the newly developed Hu-Friedy Color-
vue® phenotype probe. Clinical periodontal parameters, width of keratinized tissue and gingival recession values
were recorded. Buccal bone thickness was measured at three points, as crestal 1, 2 and 4 mm. on CBCT images.
Results According to the results, in thin phenotype, width of keratinized gingiva and bone thickness at three levels
was found significantly lower than thick phenotype (p<0.016). In medium phenotype bone thickness at crestal 2 and
4 mm were found to be significantly less than the thick phenotype (p<0.016). Additionally a negative correlation was
seen between gingival recession and bone thickness at crestal 2 and 4 mm levels (p<0.05).

Conclusions We observed that there was a significant positive correlation between the gingival phenotype and buccal
alveolar bone thickness. We suggest that the amount of bone thickness may be effective on ginigval recession.
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Ozet

Amag Son yillarda dis hekimligi alaninda, dis eti fenotipinin belirlenmesi oldukca 6nem kazanmistir. Ayrica kemik ve
dis eti iliskisi, pek ¢cok tedavinin basarisin1 dogrudan etkilemektedir. Bu calismanin amaci, dis eti cekilmeleri, fenotipi
ile destek alveoler kemik kalinlig1 arasindaki iliskinin arastirilmasidir.

Yontem Bu calismada tist-alt kesici ve kanin olmak {izere toplam 207 dise ait son 3 ayda cekilen konik 1sinh bilgisa-
yarli tomografi goriintiisii tizerinde gerceklestirilen radyolojik 6l¢timler ile klinik periodontal parametreler ve dis eti
fenotiplerinin birbirleriyle iliskileri incelendi. Dis eti fenotipi, yeni gelistirilmis Hu-Friedy Colorvue® fenotip sondu
ile “ince” / “orta” / “kalin” olarak belirlendi. Klinik periodontal parametreler, keratinize doku genisligi ve ¢ekilme
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Gingival phenotype and alveolar bone thickness

derinligi degerleri kaydedildi. Bukkal kemik kalinhigi,
konik 151l bilgisayarlh tomografi gortintiisit tizerinde,
krestal 1, 2 ve 4 mm seviyelerinden olmak tizere ti¢ nok-
tadan olcildii.

Bulgular Gruplar aras1 karsilastirma sonuclarina gore,
ince fenotipte keratinize doku genisligi ve ti¢ seviyedeki
kemik kalinliklar1 kalin fenotipe gore istatistiksel olar-
ak anlamlh derecede daha az bulundu (p<0.016). Orta
fenotipte ise krestal 2 ve 4 mm’de kemik kalinhig1 kalin
fenotipe gore istatistiksel olarak anlamli derecede daha
az bulundu (p<0.016). Ayrica dis eti cekilmesi ile krestal
2 ve 4 mm seviyelerindeki kemik kalinliklar1 arasinda
negatif korelasyon goriildii (p<0.05).

Sonuglar Bu calismanin sonucunda, dis eti fenotipi ile
bukkal alveoler kemik kalinhig1 arasinda anlamh pozitif
korelasyon oldugu ve kemik kalinligi miktarinin dis eti
cekilmesi tizerinde etkili olabilecegi sdylenebilir.

Anahtar kelimeler dis eti fenotipi; konik 1sinh bilgisayarli tomo-
grafi; alveolar kemik

Introduction

Seibert and Lindhe', who introduced the term “perio-
dontal phenotype”, classified the gingiva as “thick-flat”
and “thin scalloped”. The thick gingival phenotype is
generally associated with large keratinized tissue and
smooth gingival contour and is more resistant to inflam-
mation or trauma. On the other hand, thin gingival phe-
notype is associated with a narrower keratinized tissue
band and scalloped contour and is more susceptible to
any inflammation or trauma. Inflammation of the peri-
odontium causes periodontal pocket formation in thick
phenotype and gingival recession in thin phenotype®.
The definition of periodontal phenotypes and its rela-
tion to labial bone thickness are crucial at clinical treat-
ments. Particularly in implantology, clinical evaluation
of periodontal tissues is critical in achieving a successful
outcome without complication. Additionally, identifica-
tion and properties of periodontal phenotypes give valu-
able information to clinician before periodontal surgery,
prosthetic treatments and orthodontic applications®. A
thin phenotype is thought to be associated with a thin
alveolar bone*?. It was considered as a possible determi-
nant in estimating the quality and quantity of bone’>”.

Visual inspection, direct measurement, probe transpar-
ency, ultrasonic device, parallel profile radiography and
CBCT methods have been used to determine gingival

thickness®'2.

In our study, the gingival phenotype was determined by
non-invasive, simple and reliable way with the newly
developed Hu-Friedy Colorvue® phenotype probe and
the relationship of gingival thickness with the alveolar
bone was investigated. In this way, decision making for
procedures like crest preservation, hard and soft tissue
augmentation as well as protection of tissues prior to
therapeutic procedures will be easier.

Methods

Patient selection

Twenty-five patients who admitted to the Department of
Periodontology of the Faculty of Dentistry 01.04.2017-
01.08.2017 were included in our study. Ethics commit-
tee approval was obtained from the local institutional
review board (protocol no: 2017/69). The age of the pa-
tients ranged between 26 and 65 years, with a mean age
of 43.3 years. Upper and lower incisor and canine teeth
were included in our study. Clinical and radiographic
measurements of 36 upper central, 36 upper lateral, 34
upper canine, 35 lower central, 35 lower lateral and 31
lower canine were recorded in the patients included in
the study.

Inclusion criteria
The selection of individuals and teeth to be included in
the study was made by considering the following criteria,
Individual features:
* 18-65 years old,
* Has no systemic disease that may affect peri-
odontal tissues,
* Do not use any medication that may affect peri-
odontal tissues,
* No previous periodontal surgical treatment,
* Who have not previously received orthodontic
treatment,
¢ Non-smoker,
 Patients who were willing to participate were
included in the study.
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Tooth characteristics:

e There is no filling in the cervical area,

* No prosthetic restoration,

* No advanced periodontal destruction,

* Has no active periodontal disease,

* No gingival pigmentation,

* Periodontal pocket depth < 5mm,

e Teeth without fenestration and dehiscence
were included in the study.

Clinical index and measurements

Patients who met the selection criteria were given de-
tailed information about the clinical study and the study
plan was explained. Informed consent form was signed.
Age, gender, systemic status, oral hygiene habits and
clinical measurements such as plaque index, gingival in-
dex, probing depth, bleeding index, keratinized gingival
width (KGW), gingival recession depth (GR), occlusal
trauma, wear and gingival phenotype were recorded in
pre-prepared examination forms. During this process,
0.5 mm diameter Hu-Friedy periodontal probe was used.
The newly developed Hu-Friedy Colorvue® phenotype
probe was used to determine the gingival phenotype
based on the transperancy of the probe (Fig 1). Measure-
ments were made at mid-buccal of tooth from a single
point by placing the probe in the gingival sulcus. The
phenotype has three different colored resin tips (white,
green, blue), allowing the gingival thickness to be clas-
sified as thin, medium and thick.

Classification of gingival phenotype

1. First, the white tip is placed at the gingiva at a pres-
sure of < 30 grams. If the color is visible through
the gingival sulcus, the phenotype is categorized as
“thin”.

2. If the white color is not visible through the gingiva,
the green tipped end is used in the same way. The
phenotype is “middle” if the color is visible.

3. If the green color is not visible through the gingiva,
the blue tip is used in the same way. If the color is
visible, the phenotype is approved as “thick”.

Radiological measurements
The patients to be included in the study were select-
ed among the individuals who had taken the CBCT be-

Fig. 1. Hu-Friedy Colorvue® phenotype probe

cause of any necessity in the Department of Oral, Dental
and of the Faculty of Dentistry of Karadeniz Technical
University. For the CBCT, the Kodak 9500 Cone Beam
3D System® (Carestream Health, Rochester NY, USA)
with 200 1 m voxel was used. The imaging area of the
tomography device is 9x15 c¢m and the shooting time
is 10.8 sec. The tube voltage of the device was 90 kV,
the tube current was 10 mA, the focal spot was 0.7x0.7
mm and the gray scale was 14 bits. Radiological meas-
urements include measurements of rotation, angulation,
distance between the cemento-enamel junction and the
alveolar crest and buccal bone thickness measurements.
All measurements were performed by the same clinician
at two separate times.

* Rotation: Rotations of teeth in their alveolar sockets
were recorded.

* Angulation: The angle between the axis of the fascia
of the bone at the apex line of the teeth and the axis
joining the cutting edge and the long axis of the tooth
was measured. In the lower teeth, the angle between
the long axis of the mandible and the long axis of the
tooth was measured.

* Cemento-Enamel Junction - Alveolar Crest Distance
(CEJ-AC): The CEJ-AC distance was measured with
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0.1 mm accuracy at the mid-buccal point on the CBCT
cross-section of all the teeth included in the study.

* Buccal Bone Thickness (BT): BT measurements were
recorded on the mid-buccal CBCT cross section tak-
en perpendicular to the tooth axis with a precision
of 0.1 mm. BTs were measured at three points, 1 mm
(BT1), 2 mm (BT2) and 4 mm (BT4) apical in the
alveolar crest (Fig. 2).

Fig. 2. Measurement of buccal bone thickness at three points
on the upper and lower teeth

Statistical analysis

In our study, descriptive statistics of clinical and radi-
ographic data were made according to tooth types and
gingival phenotypes. Kruskal-Wallis test was used to
analyze the relationship among the three gingival phe-
notypes and clinical and radiographic findings. P <0.05
was considered statistically significant. Bonferroni-cor-
rected Mann-Whitney U Test was applied as a post-hoc
test for those with significant differences between the
three groups. In this test, the comparison of the dif-
ferences was made by pairwise comparisons and the p
value <0.016 was considered statistically significant.
Spearman correlation test was applied for data analy-
sis among gingival recession, KGW and radiographic
findings. Correlation analysis between the angle and the
phenotype was performed separately in the upper and
lower jaw. Kruskal-Wallis test was applied for upper jaw
datas because they did not show normal distribution,
and ANOVA test was applied since the lower jaw data
showed normal distribution. P <0.05 was considered
statistically significant.

Results

Ninety-five of 207 teeth were found to be thin (45.9%),
40 were medium (19.3%) and 72 were thick phenotype
(34.8%).
The phenotype distributions according to the tooth
types are as follows:
e Upper central tooth (n = 36): 22% thin, 20%
medium, 58% thick,
e Upper lateral tooth (n = 36): 47% thin, 14%
medium, 39% thick,
e Upper canine teeth (n =34): 56% thin, 9% me-
dium, 35% thick,
e Lower central tooth (n = 35): 49% thin, 34%
medium, 17% thick,
e Lower lateral tooth (n = 35): 43% thin, 20%
medium, 37% thick,
e Lower canine teeth (n=31) 61% thin, 19% me-
dium, 20% thick phenotype.

The rate of thin phenotype was the highest in the low-
er canine teeth (61%), and the least in the upper cen-
tral tooth (22%). Thick phenotype ratio was highest in
upper central teeth (58%) and lower in central teeth
(17%). The difference between phenotype distributions
was statistically significant (p<0.05).

When the upper and lower jaw were evaluated separate-
ly; a hundred and six teeth measured in the upper jaw,
44 were thin (41.5%), 15 were medium (14.2%) and 47
were thick (44.3%). A hundred and one teeth measured
in the lower jaw, 51 were thin (50.5%), 25 were me-
dium (24.8%) and 25 were thick (24.8%). Phenotype
differences in the lower and upper jaw were statistically
significant (p<0.05).

When the brushing habits of the patients were evaluat-
ed, it was recorded that 30.4% of the patients brushed
their teeth once a day, 69.6% brushed their teeth 2 or 3
times a day. The brush types used are; 30.4% were soft,
17.4% were hard and 52.2% were medium hardness.

A significant difference was found among the three gin-
gival phenotypes in terms of KGW, BT1, BT2 and BT4.
The angle measurement was performed separately in the
lower and upper jaw. The results of intergroup analysis
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Table 1. Comparision of parameters among phenotype groups

Thin phenotype Medium phenotype Thick phenotype P
KGW 5.17+1.68* 5.50£1.91 6.25£1.77° 0.000
RD 0.44+0.79 0.42£0.75 0.26+0.58 NS
Rotation 0.82+£3.49 1.07+10.13 0.60+2.37 NS
Angulation (Upper) 12.98+30.08 32.93+58.63 12.85+31.59 NS
Angulation (Lower) 153.10+£9.32 156.80+£7.67 156.08+6.07 NS
CEJ-AC 2.48+1.05 2.74£1.06 2.82£1.20 NS
BT1 0.92:0.31° 0.91+0.39 1.04+0.29° 0.005
BT2 0.98x0.40° 0.92+0.53" 1.18+0.40*" 0.001
BT4 0.85+0.45* 0.82:0.64" 1.10£0.61*" 0.002

(p<0.016 statistically significant. KGW, Keratinized Gingival Width ; RD, Recession Depth ; BT 1, Buccal Bone Thickness at Crestal 1 mm ; BT 2, Buccal Bone
Thickness at Crestal 2 mm ; BT 4, Buccal Bone Thickness at Crestal 4 mm ; NS, Statistically non-significant)

are shown in Table 1. Keratinized gingival width is sig-
nificantly lower in the thin gingival phenotype group
(5.17#1.68 mm) than in the thick gingival phenotype
group (6.25+1.77 mm) (p<0.05). The thickness of bone
at BT1 was significantly lower in teeth with thin pheno-
types than those with thick phenotypes (p<0.05). Bone
thicknesses at BT2 and BT4 were also significantly low-
er in the thin and medium phenotyped teeth than in the
thick phenotyped teeth (p<0.05).

Correlation analysis was performed among gingival re-
cession, KGW and radiographic data.

According to the results of the analysis;

* There is a positive correlation between ile GR
and CEJ-AC distance at 0.01 level. Accordingly,
as the RD increases, the CEJ-AC distance in-
creases.

* There is a negative correlation between RD
and BT2 at 0.05 level and between BT4 at 0.01
level. Accordingly, as the RD increases, bone
thickness values decrease at the levels of BT2
and BT4.

* There is a positive correlation between KGW

and BT1, BT2 and BT4 at 0.01 level. Accord-
ingly, as the KGW increases, the BT1, BT2 and
BT4 values also increases.

Discussion

It is important for an oral clinician to define the perio-
dontal phenotype, because the anatomical characteris-
tics of the periodontium, such as gingival thickness, gin-
gival width and alveolar bone morphology, determine the
behavior of the periodontium against physical, chemical
or bacterial damage during therapeutic procedures or
periodontal surgery, implant treatment, and orthodontic
treatment>°. The gingival thickness is supposed to play
an imoportant role in the development of mucogingival
problems, wound healing and gingival recession treat-
ment. The thick gingival phenotype provides additional
blood support during wound healing, since there is no
periodontal ligament support in implant therapies'’. In
patients with thin phenotypes, it is beneficial to increase
the soft tissue to preserve and regenerate adequate pa-
pilla height when immediate implant is planned in areas
with high aesthetic expectation'®.
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Generally, simple visual examination is used to deter-
mine gingival thickness. Although there is no certainty
of this method, the phenotype was correctly detected in
only half of the cases, regardless of the clinician’s expe-
rience®.

Therefore, different methods such as probe transparen-
cy, direct measurement, ultrasound device and CBCT
were used to give accurate information®'*. In our study,
considering the difficulties and disadvantages of the
measurement methods, the recently developed Hu-
Friedy Colorvue® phenotype was used to determine the
gingival phenotype. This phenotype probe is a simple,
inexpensive, practical and non-invasive method which
allows the classification of gingival thickness as thin,
medium and thick. In our study, only anterior teeth
were evaluated since the aesthetic concerns about tooth
and implant treatment are mostly experienced in the an-
terior region.

In our study, CBCT was used for bone thickness meas-
urement and other radiographic evaluations. In a study
conducted by Fu et al.* clinical and CBCT measure-
ments of alveolar bone thicknesses measured on cadav-
ers showed consistent results and no statistically signifi-
cant difference was observed between them.

In studies investigating the effects of variables on the
anatomy of the jawbone, the phenotype was considered
to be a possible determinant in predicting the quality
and quantity of the underlying bone’”. In our study, a
significant positive correlation was found between gin-
gival phenotype and bone thickness measurements.
Cook et al.° reported that thinner gingival phenotype
was associated with decreased bone thickness. Kheur et
al.”® investigated the relationship between bone thick-
ness and soft tissue in the labial and palatal of the max-
illary central teeth. As a result of their study, there was a
positive correlation between labial and palatal bone and
related soft tissue thicknesses.

In contrary to these findings, Maynard and Wilson*'
have stated that there is no correlation between hard
Wand soft tissue thicknesses. Similarly, La Rocca et al.**
showed that there is not a statistically significant cor-
relation between gingival thickness and bone thickness

measurements at the maxillary and mandibular anterior
region. In this study, gingival thickness was determined
by transgingival measurement method. This method
may increase the gingival volume due to the infusion of
the anesthetic fluid and thus creates a suspicion for the
reliability of the results®.

In our study, whether there is a phenotype difference
between the upper and lower jaw is also evaluated. Ac-
cording to the results, thick phenotype ratio in the max-
illa was higher than the lower jaw and this difference
was statistically significant (p<0.05). The results of our
study are similar to those of Miiller** and Cuny-Houch-
mand® who found higher gingival thickness at upper
jaw than lower jaw.

In our study, one of the main issues we investigated was
the relationship of gingival recession with phenotype
and alveolar bone. Although it is expected that gingi-
val recession will be associated with a thin phenotype,
no significant difference was found between the pheno-
types and GR. Although GR measurements yield similar
results in thin and medium phenotypes, they tend to be
higher in thick phenotypes. On the other hand, Shah
et al.** demonstrated a relationship between gingival
thickness and the presence of GR. Another frequently
encountered mucogingival problem is keratinized tissue
deficiency. In our study, according to the comparison of
groups in terms of KGW, a narrower KGW was meas-
ured in thin phenotype group than thick phenotype
group and the the difference between the groups was
statistically significant. These results are consistent with
the results of the study by Olsson et al.?®, in which they
found a strong association between gingival thickness
and KGW. Likewise, Cook et a®. suggested that thin
phenotypes have been associated with a narrower kera-
tinised gingival tissue.

Conclusion

We suggest that Hu-Friedy Colorvue® phenotype probe
was an effective, safe and practical method in determin-
ing the phenotype, and there was a significant corre-
lation between the determined phenotype and buccal
bone thickness. However, more studies are needed to
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determine how the phenotype determined by the probe

actually corresponds to the number of millimeters of

gums.
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