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Abstract

Aims: Knowledge of gingival thickness (GT) and alveolar crest thickness (ACT) is essential for performing various surgi-
cal and non-surgical procedures in oral healthcare. However, a noninvasive, no-radiation and reproducible method for meas-
uring GT and ACT is not yet determined. This study aimed to measure the buccal GT and ACT of premolars using 15-MHz
B-mode ultrasonography (US) and to explore the relationship between GT and ACT. Material and methods: The GT in four
swine mandibles was measured using15-MHz B-mode US and using K-file needles to gauge the accuracy of US. B-mode US
at 15 MHz was also used to measure periodontal tissue structures including buccal GT3 (3 mm apical to the gingival margin)
and ACT in 400 premolars of 50 human participants with healthy periodontium. Results: There was a strong positive correla-
tion between US and invasive K-file needle measurements of GT in swine mandibles (p<0.05). The correlation between buccal
GT3 and ACT of premolars was moderately positive (p<0.05). The gingiva of the maxillary premolars and ACT of the maxil-
lary first premolars were thicker in men than in women (p<0.05). Conclusions: B-mode US at 15 MHz is a valid and reliable
method for measuring GT and ACT and for evaluating their relationship.
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Introduction

The assessment of gingival thickness (GT) and alveo-
lar bone thickness (ACT) of teeth is the key for deter-
mining the correct diagnosis, prognosis and mechanism
of healing in many oral treatments. The response of the
gingiva to inflammation, restorative trauma, and surgi-
cal insult differs according to its thickness. Patients with
thicker gingiva develop periodontal pockets secondary to
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inflammation caused by bacterial plaque accumulation,
whereas patients with thinner gingiva are more prone to
gingival recession [1,2]. GT normally refers to the thick-
ness of buccal or facial gingiva. Studies have reported
that ACT is a significant factor affecting the correct
implant placement and attainment of adequate esthetic
outcomes [3,4]. Therefore, many surgeries are devoted
to ACT reconstruction [5,6]. Hence, it is known that GT
and underlying ACT play decisive roles in treatment out-
comes.

The methods used to measure GT and ACT are clas-
sified as invasive and noninvasive. Invasive methods in-
volve direct bone sounding using periodontal probes or
injection needles [4-8]. Such practices tend to cause dis-
comfort and require local anesthesia; therefore, the use
of noninvasive techniques, such as visual assessment and
the transparency method for measuring GT, are gaining
increased popularity among dental practitioners [9,10].
However, assessment of GT by visual tissue inspection
has been shown to be unreliable [11,12]. Although com-
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puted tomography (CT) has been used as a noninvasive
technique to measure hard and soft tissue thicknesses
[13-15], exposing patients to radiation may not always
be justified for this particular indication.

Ultrasonography (US) is a noninvasive and painless
type of diagnostic imaging that does not expose patients
to radiation. Additionally, the continuous improvements
in US for measurements of oral soft and hard tissues have
been underway for at least a decade. One study that as-
sessed a custom-made 50 MHz A-mode US dental sys-
tem demonstrated that the accuracy of GT measurements
acquired by US was equivalent to that of those acquired
by invasive methods [16]. A cadaveric study that com-
pared 5 MHz A-mode US and micro-CT demonstrated a
strong correlation between the validity and reproducibil-
ity in measurements of mucosal thickness [17]. Although
A-mode US devices are moderately accurate for meas-
urements of GT at a particular point, their accuracy might
be limited in determining the average GT and ACT; they
cannot provide a panoramic view of the gingival and
periodontal structures or analyze their relationship ad-
equately.

In contrast, B-mode US can measure buccal GT and
ACT and can also analyze the periodontal tissue struc-
tures. One study used 40 MHz B-mode US to measure
the premolar GT in four patients and found that it was a
noninvasive and highly accurate technique for measur-
ing GT and assessing the periodontium [18]. While this
type of very-high frequency B-mode US is not widely
available for clinical use, B-mode US is widely used at
15 MHz and is an accessible instrument. However, a lit-
erature search did not yield any studies that used 15 MHz
B-mode US to investigate the structures of periodontal
tissues in humans.

Therefore, the aim of this study was to evaluate
whether 15 MHz B-mode US is an efficient, convenient
and accessible tool that can be used to assess the peri-
odontal tissue structures of premolars and to explore the
relationship between GT and ACT.

Materials and methods

Measurements using 15 MHz B-mode US

and an invasive method in swine mandibles

This study used a Logiq E9 machine (General Elec-
tric Company, Boston, MA, USA) with linear probe (ML
6-15), to measure the GT in swine mandibles. The va-
lidity of the 15 MHz B-mode US measurements was as-
sessed in four mandibles from freshly slaughtered 8- to
10-month-old domestic swine. We measured the GT of
posterior teeth on the lingual sides of mandibles and at-
tempted to identify the cementoenamel junction (CEJ),

root, gingiva, alveolar bone, and alveolar crest at its cor-
onal limit. The working width of the US probe was 10
mm and there were 3 mm markings (non-working edges)
on both sides (fig 1). We marked blue lines within a dis-
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Fig 1. The ML6-15 MHz probe (General Electric Company,
Boston, USA).A. working width of the US probe is 10 mm. B.
The edge (non-working parts) of the probe is 3mm.

Fig 2. Measurement of gingival thickness in a swine mandible
using ultrasonography and an invasive method. (A) Determina-
tion of gingival thickness at GT3 and GT6 in a swine man-
dible. The mandible is marked as follows: red dots represent
penetration points; areas between the blue lines represent lo-
cations where the ultrasonography probe is placed where the
K-file needle is placed (d1=10 mm, d2=3 mm). (B) A sagittal
ultrasonographic image through a swine tooth visualizing the
following elements: 1, crown enamel; 2, cementoenamel junc-
tion; 3, gingival margin; 4, tooth root; 5, gingiva;6, alveolar
crest (coronal edge); and 7, alveolar bone. GT3, 3 mm apical to
the gingival margin; GT6, 6 mm apical to the gingival margin.
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tance of 10 mm. We marked 3 points (mesial, middle,
and distal) within the working area of 10 mm, at 3 mm
(GT3) and 6 mm (GT6) apical to the gingival margin,
resulting in a total of 6 points within the working area
(fig 2a). The gingival margin was the reference point
clearly seen in the US image. The GT was measured at
GT3 and GT6 apical to the gingival margin (fig 2b). GT
was also measured using a K-file needle with a rubber
stopper and Vernier calipers at the same locations. For
each location, three points (i.e., mesial, middle, and dis-
tal) in the gingiva of mandibular posterior teeth were
selected for needle piercing. The K-file needle was care-
fully inserted at each point until resistance was encoun-
tered, and was withdrawn. The penetration depth was de-
termined using a digital caliper with an accuracy of 0.01
mm (Deli Corporation, Ningbo, China).

Measurements using 15 MHz B-mode US

in human participants

Study participants

This study was independently reviewed and ap-
proved by the Research Ethics Committee of our insti-
tute and conducted in accordance with the Declaration
of Helsinki. The study participants were recruited from
our institute and included students, staff and patients
without any periodontal disease from the General Hos-
pital’s Department of Stomatology. We obtained writ-
ten informed consent from all study participants before
enrollment. Clinical examinations of the maxillary and
mandibular premolars were performed, which included
measurements of pocket depth, clinical attachment lev-
el, and bleeding on assessment with a periodontal probe
(Hu-Friedy, Chicago,IL, USA). Only adults with healthy
periodontal tissues (pocket depth <3 mm with no attach-
ment loss or bleeding) were enrolled in the study. The
exclusion criteria were as follows: systemic disease with
oral manifestations; pregnancy or lactation; current use
of medications that cause changes in periodontal tissues;

mouth breathing; endodontic pathology in the premolar
region; previous periodontal surgery; history of ortho-
dontic treatment; malpositioned teeth, skeletal or maxil-
lofacial abnormalities, crowding or spacing of teeth, and
teeth with abnormal morphology of the crown or root;
and current smoking.

Clinical B-mode US examination

Fifty periodontally healthy participants (25 men;
mean age 25.8+4.4 [range,18-35] years) and their 400
premolar teeth were included in this study. The premolars
were imaged with the 15 MHz B-mode US device from
the buccal side. The probe was adjusted such that it was
placed on the surface of maxillary or mandibular lip in
the transverse plane to identify the incisors. Thereafter,
gradually, the probe was moved posteriorly to the premo-
lars. Subsequently, the probe was placed at the center of
the premolar and was rotated 90 degrees. The thicknesses
of the soft and hard tissues and the periodontal tissues,
including GT and ACT, were measured in the sagittal
plane.

Statistical analysis

Continuous variables with a normal distribution and
equal variance were analyzed using the Student’s f-test
and were expressed as a mean+standard deviation. Spear-
man’s correlation was used to assess the correlations be-
tween variables. All statistical analyses were performed
using SPSS 20.0 sofwtware (IBM Corp., Armonk, NY,
USA). A p-value <0.05 was considered statistically sig-
nificant.

Results

Measurements using 15 MHz B-mode US

and an invasive method in swine mandibles

Images obtained by 15 MHz B-mode US clearly
identified the anatomical reference points (fig 2b).The
average GT3 measured using US was 1.57+£0.45 mm and
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Fig 3. Correlation between values of gingival thickness measured by ultrasonography and an invasive method at GT3 (A) and GT6 (B).
GT3, 3 mm apical to the gingival margin; GT6, 6 mm apical to the gingival margin.
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Table I. Comparison of gingival thicknesses in swine mandi-
bles at two different locations using ultrasonographic and in-
vasive methods.

Location = Method Mean+SD Correlation p-value

GT3 (mm) US 1.57+£045 r=0.83 <0.01
Invasive 1.76 +0.50

GT6 (mm) US 1.65+0.38 =0.89 <0.01
Invasive 1.71 £0.49

GT3, 3 mm apical to the gingival margin; GT6, 6 mm apical to the
gingival margin; SD, standard deviation; US, ultrasonography

those measured using the invasive method was 1.76+0.50
mm; the respective GT6 values were 1.65+0.38 mm and
1.71£0.49 mm (Table I). Although the US values were
moderately smaller than the invasive-method values,
there was a strong positive correlation between them
at GT3 (r=0.83, p<0.01) and GT6 (+=0.89, p<0.01)
(fig 3).

Measurements using 15 MHz B-mode US

in human participants

The periodontal tissue structures were clearly visual-
ized using 15 MHz B-mode US (fig 4). The mean buccal
GT3 and ACT at different locations on the premolars in
men and women ranged from 0.90 mm to 1.35 mm (Ta-
ble II) and from 0.60 mm to 1.29 mm (Table III), respec-
tively. A comparison between GT3 and ACT in men and
women at the same location on a tooth revealed that the
gingiva of maxillary premolars in men was significantly
thicker than the gingiva of maxillary premolars in wom-
en (p<0.05). Additionally, ACT in men was significantly
more than that in women; however, this difference in
ACT was only observed in the maxillary first premolars.
The correlation between buccal GT3 and ACT of premo-
lars was moderately positive (+=0.43, p<0.01).

Fig 4. A15-MHz B-mode ultrasonographic image of the peri-
odontal structures of a maxillary premolar. A sagittal ultrasono-
graphic image through a maxillary premolar. The tick marks on
the right side of the image indicate 1 mm. 1, enamel; 2, gingival
margin; 3, cementoenamel junction; 4, cementum; 5, gingiva;
and 6, crest of alveolar bone.

Table II. Comparison of GT3 measurements of premolars in
men and women.

Measure- Men Women
ment of (mean = SD) (mean = SD)
GT3 (mm)

Maxillary
first
premolars

p-value Signifi-
cance

126044 094+047 0.04 S

Maxillary 1.354+0.49 1.09+0.54 0.03 S
second

premolars
Mandibular
first
premolars
Mandibular
second
premolars

1.09+0.47 0.96+0.23 0.16 NS

1.05+0.46 0.90+0.23 0.13 NS

GT3, 3 mm apical to the gingival margin; NS, not statistically sig-
nificant; S, statistically significant; SD, standard deviation

Table I1I. Comparison of ACT of premolars between men and
women.

Measure-  Men Women
ment of (mean = SD) (mean + SD)
ACT (mm)

Maxillary
first
premolars

p-value Signifi-
cance

1.29+0.58 0.80+0.39 0.00 S

Maxillary  0.90+0.30 0.81£0.37  0.34 NS
second

premolars

Mandibular 0.69+0.21
first

premolars

Mandibular  0.72+0.29
second

premolars

0.62+0.22 0.29 NS

0.60+0.19 0.05 NS

ACT, alveolar crest thicknesses; NS, not statistically significant; S,
statistically significant; SD, standard deviation

Discussions

This study attempted to validate the efficacy of 15
MHz B-mode US in analyzing the anatomic structure
of premolars and buccal GT3 and ACT in these teeth.
Our results confirmed that thel5 MHz B-mode US probe
clearly and accurately detected the gingiva, CEJ, buccal
GT3 and ACT and can be reliably used to measure GT
and ACT. Both GT3 in maxillary premolars and ACT
in maxillary first premolars were more in men than in
women. The correlation between buccal GT3 and ACT
was moderately positive. This result is similar to that of
a previous study, which reported a positive association
between GT and bone morphotype using A-mode US and
cone-beam CT (CBCT) [19]. However, to the best of our
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knowledge, this is the first study to demonstrate that 15
MHz B-mode US can reliably detect the periodontal tis-
sue structures and buccal GT and ACT of premolars in
humans.

Moreover, a significant correlation was found be-
tween the US and invasive method while measuring
the GT in swine mandibles in the phantom experiment.
The GT measured by US was slightly lesser than the GT
measured by the invasive method. This difference may
have been evident because of the gingival compression
caused by direct contact with the probe. Another possi-
bility is that, during the second US, there was an echo
from the periosteum that covered the alveolar bone and
invasive measurements using the K-file needle could
have punctured through the periosteum to hit the bone.

This clinical study involved periodontally healthy in-
dividuals who were divided into two groups according to
sex. The premolar GT3 in the study sample group ranged
from 0.9 mm to 1.35 mm. This value is a little higher than
the 0.9 mm-to-1.06 mm range reported by Ganji et al [19]
using the A-mode US method at a location 3 mm apical
to the CEJ in the maxillary premolars and lower than the
1.9140.41mm reported by Gurlek et al [20] using CBCT
at the same locations analyzed in our study. Discrepan-
cies might be caused by differences in the methods, sam-
ple sizes and ages as Wara et al [21] reported that par-
ticipants in a younger age group had significantly thinner
mucosa than those in the older age group.

The buccal gingiva of maxillary premolars was thick-
er in men than that in women. This may be due to nat-
ural anatomical differences between the sexes [22,23].
However, not all studies have shown similar results.
For example, Vandana et al [24] analyzed the gingiva of
maxillary and mandibular anterior teeth by transgingival
probing and found that the gingiva was thinner in women
than that in men, although this result was only observed
in the mandible, not in the maxilla. These anomalies may
be due to different methods of measurements or other
confounding factors that influence GT, such as racial and
genetic factors that need to be further investigated [25].
It is important to investigate the thickness of buccal bone
for implant or periodontal treatment. In this study, the
ACT of maxillary first premolars in men was significant-
ly thicker than that in women. This result is consistent
with that of a recent study that utilized CBCT to demon-
strate that men had greater buccal bone thicknesses in
maxillary first premolars [26].

Volumetric changes in soft and hard tissues of the
maxillary-premolar region present a potentially unfavor-
able condition for surgical and non-surgical procedures in
oral healthcare. The use of 15 MHz B-mode US to com-
pare the relationship between GT3 and the corresponding

buccal ACT in the premolar region is the highlight of this
study. The results confirm that the correlation between
buccal GT3 and ACT is moderately positive. In this re-
spect, the results of this study may provide the clinicians
a reliable method to assess the risk involved and to help
in the selection of appropriate treatments for patients.

The limitations of our study include the modest sam-
ple size and narrow age range. Large-scale studies that
include larger sample sizes with wider age ranges are rec-
ommended to confirm these findings.

Conclusions

In summary, this study demonstrated that 15 MHz
B-mode US can yield accurate quantitative data by pre-
cisely assessing the periodontal structures of premolars.
A survey of the current literature found no other stud-
ies that systematically investigated the use of 15 MHz
B-mode US for measuring the buccal GT and ACT in
humans. From a clinical perspective, the findings of this
study suggest that 15 MHz B-mode US has superior di-
agnostic value in guiding appropriate periodontal treat-
ment, placement of dental implants, and precise plastic
surgical methods. The 15 MHz B-mode US could serve
as an effective diagnostic modality for analyzing the
periodontal tissues, which minimizes discomfort, use of
anesthesia, risk of infection, and damage caused by ra-
diation. Further research should be directed toward en-
hancing the complete understanding of US appearances
of periodontal structures in periodontal disease, implants,
and malocclusion.
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