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Abstract

The primary aim of this study was to demonstrate that periodontal ultrasonography is a reliable method with which to
identify and evaluate the attachment level of the gingival junctional epithelium. A secondary aim was to devise an automated
computer-assisted method that allows the examiner to more easily identify the gingival sulcus contour on ultrasound images.
Material and methods: This in vitro study was carried out on 36 sites on the lingual surface of eight pig mandibles. For each
site, periodontal ultrasonography was performed by the same examiner, using DermaScan C Cortex Technology (Denmark)
with a 20-MHz transducer. Subsequently, the mandibles were sectioned with a microtome and examined by direct microscopy.
To facilitate identification of the gingival sulcus on ultrasound images, a computational method was adopted. Results: Com-
puter processing of the ultrasound images slightly modified the contour of the gingival sulcus. The absolute mean differences
in the linear measurements of the Dermascan-automated computer-generated values and the corresponding values of micros-
copy, which is the gold standard, varied between 0.06 and 1.75 mm. Statistical analysis showed that with respect to the gingi-
val sulcus height, the correlation between the computer-processed ultrasound images and the direct microscopy images was
stronger than the correlation between the non-processed ultrasound images and those from direct microscopy. Conclusions:
Ultrasonographic examination of the periodontal tissues allows the examiner to localize the gingival epithelial attachment
level and provides substantial data regarding the soft gingival tissues.
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Introduction

Periodontal disease, with all its stages of evolution, is
extremely widespread in the adult population [1]. Gingi-
val bleeding is highly prevalent and advanced stages of
periodontal disease, with deep periodontal pockets (>6
mm), is seen in 10—15% of adults worldwide [1].

The anatomy of the marginal periodontium is com-
plex. At the bottom of the gingival sulcus lies the epi-
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thelial insertion of the gingiva on the tooth surface, also
called the junctional epithelium. The junctional epitheli-
um plays a key role in the evolution of periodontal dis-
ease. The diagnosis and monitoring of periodontal dis-
ease evolution are performed according to this epithelial
insertion. Clinical periodontal probing does not return a
depth equal with the histological one [2]. Damage to the
epithelial junction results in its inability to protect the
periodontal space, marking the onset of periodontal dis-
ease [3]. The margin of the gum has an extremely import-
ant role in protecting the tissues that support the teeth,
but also dental implants. If this margin loses its adhesion,
through epithelial insertion, then oral health is adversely
affected and periodontal disease develops [4]. The first
effects of an infection with Porphyromonas gingivalis
occur at the level of the epithelial junction, through al-
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terations in keratinization, the degree of desquamation,
and mitotic activity [5]. The concentration of P. gingiva-
[is is directly related to the onset of the destruction of the
epithelial barrier [6]. In response to the increased forces
(such as orthodontic forces) on the teeth, the epithelial in-
sertion becomes modified, setting off an immunological
response in addition to inflammation [7].

The junctional epithelium and the connective tis-
sue together form a protective barrier between the deep
periodontal tissues and the oral environment. These two
dimensions together form the biological width. The bio-
logical width is important in designing dental prostheses
and in establishing the diagnosis for periodontal diseases,
and must therefore be measured with high precision. In
individuals with a dental prosthesis, the biological width
must always be respected as the periodontal system re-
acts according to the contact area of the prosthesis with
the marginal periodontium [8,9].

The biological width and the epithelial junction length
have been very accurately measured only on autopsy
specimens, examining tissue sections under a microscope
[8,10,11]. In dental patients, clinical and radiological ex-
aminations are used to approximate the position of the
epithelial insertion [2,9].

The main periodontal structures can be evaluat-
ed by periodontal ultrasonography (US). For example,
in the evaluation of the alveolar crest, US was used to
estimate alveolar bone levels to monitor horizontal and
vertical bone resoption [12-14]. The gingival soft tissues
have been examined using 40-MHz periodontal ultra-
sound imaging, which included measurements of gingi-
val thickness [15,16]. However, the transducers needed
for this purpose are usually very large, and accordingly,
examination of the interdental area is difficult. With the
development of ultrasonic periodontal probes, interden-
tal areas can be included in the examination. In fact, ul-
trasonic periodontal probes are able to replace manual
periodontal probing [17-19].

The primary aim of this study was to demonstrate
that periodontal ultrasonography offers a reliable method
for identifying and evaluating the attachment level of the
gingival junctional epithelium and the gingival biologi-
cal width. A secondary aim was to devise an automated
computer-assisted method that allows the examiner to
more easily identify the gingival sulcus contour.

Material and methods

This in vitro study was carried out on 36 sites on the
lingual surface of eight mandibles from healthy young
pigs (age 10—12 months) with a body mass of 100-110
kg. The inclusion criterion was the teeth with healthy

periodontal tissue with no lesions. The pigs were raised
and slaughtered for alimentary purposes in farms organ-
ized according to European Union legislation and were
not experimental animals. Therefore, the Medical Ethics
Commission of the University of Medicine and Pharma-
cy of Cluj-Napoca, Romania, where the study was con-
ducted, waived the need for approval of the study (docu-
ment no. 5/16.01.2014).

Periodontal US

Gutta percha cones were glued onto the teeth at every
examination site, that is, on the lingual surface, parallel
to the longitudinal axis of the tooth, without touching the
periodontal tissue. A periodontal US examination was
then performed at each site indicated by the glued gutta
percha landmarks. Periodontal ultrasonography was car-
ried out using DermaScan C Cortex Technology (Den-
mark). The 20-MHz two-dimensional transducer was
positioned directly on the alveolar process, parallel to the
longitudinal axis of the tooth. Ultrasonographic images
were then recorded on the lingual surface of the alveolar
process.

Section preparation

Immediately after US examination, the mandibles
were sectioned with a microtome low-speed saw (Bue-
hler Isomet, Lake Bluff, Illinois, USA). The sections
were cut exactly through the gutta percha landmarks, par-
allel to the longitudinal axis of the tooth (fig 1). Longi-
tudinal sections in the frontal plane were thus obtained.

Direct microscopy

Direct microscopy of the sections was performed
using an Olympus CKX41 microscope (Olympus,
Waltham, Massachusetts, USA) at 4x magnification,
without refrigeration or further preparation of the tissue
sections.
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Fig 1. Longitudinal section through a swine
tooth. The gutta percha landmarks are glued to
the tooth.
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Computer-assisted identification of the gingival

sulcus

On the US images the examiner drew the gingival
sulcus contour.

To facilitate identification of the gingival sulcus on
US images with the gingival contour marked, a method-
ology comprising the following steps was adopted (fig
2): 1) The original image was converted to gray scale;
2) The k-means clustering method for image segmenta-
tion was employed to discover groups of pixels having
similar intensity levels and to better highlight the ana-
tomic elements of the image; 3) Active contour models
(“snakes”) were used for contour detection before and
after step 2, to detect the gingival sulcus epithelium con-
tour; the two methods of contour detection implementa-
tion were then compared; 4) Adaptive thresholding, using
the minimum Euclidean distance, computed between the
original and the target image [15], was performed on the
images obtained in step 2 to obtain the black-and-white
version of the image; the final purpose was an improved
visualization of the anatomic elements within the image;
5) Edge detection using both the horizontal and vertical
Sobel convolution kernels (averaged) [20] was carried
out on the image obtained at step 1, to better highlight
the margins and contours of the main anatomic structures
on the image. Both the k-means clustering method and
active contour models were implemented in Matlab; edge
detection and adaptive thresholding methods were imple-
mented in Visual C++.

The region corresponding to the gingival sulcus con-
sists of pixels having various image intensities of small
values. Thus, the active contour model applied to this
area of non-uniform color is directed at local minima. In
k-means clustering, groups (classes) of pixels similar in
intensity are assembled, labeling all corresponding pixels
with the same value (the class label) such that the risk of
local minima detection is reduced. Ultimately, the aim

| Original image ]

l

Conversion to gray-
scale

+—];-

Edge Detection

K-means
clustering

¥ L‘ Y

Adaptive Active Contour
thresholding Models (Snakes)

Fig 2. The flow of the image processing operations.

of the active contour models is to provide a highly ac-
curate identification of the gingival sulcus contour, even
on noisy or low-quality US images, when this contour is
difficult to detect by a clinician, even an experienced one.
The methods of adaptive thresholding and edge detec-
tion are applied in parallel, after conversion of the image
to gray scale, to better highlight the corresponding ana-
tomic structures.

After image processing, the method of two-dimen-
sional active contour models (“snakes”) was used to de-
tect the contours of the anatomic structures. This pow-
erful contour detection method is robust to noise in the
image and is based on energy minimization. It was con-
sidered appropriate in the detection of the gingival sulcus
epithelium because the corresponding contour is difficult
to detect by the human eye or by using classical edge and
contour detection methods [21,22].

Statistical analysis

Statistical analysis was performed using SPSS®
V.18.0 (SPSS Inc., Chicago, IL, USA) and Microsoft
Excel 2010. Descriptive statistics were calculated, and
values are given as means + standard deviation (SD).
A Spearman correlation index was used for correlations
between Dermascan, microscopy (as gold standard), and
computer-generated measurement. All variables were
continuous and had a normal distribution. For statisti-
cal validation of the data obtained by measurements, a
two-tailed Student’s t-test was employed to compare the
means of variables. Significance was defined at a p value
<0.05.

Results

All mandibles could be examined as planned and the
microtome sections were made exactly on the gutta per-
cha landmarks, which stayed in place after sectioning.

The following anatomic elements were identified on
the ultrasound images: enamel, tooth root, gingival sul-
cus, alveolar crest, cortical bone, attached gingival tissue,
and free gingival margin (fig 3). The enamel, cementum,
and cortical bone are hyperechogenic areas, with the
enamel brighter than the cementum. The connective tis-
sue is a darker hypoechogenic area. The gingival sulcus
is a hypoechogenic area well delimited by the tooth and
by the free gingival margin. The following distances were
measured using the Dermascan C software: the height of
the gingival sulcus (D-HGS), the distance between the
alveolar crest and cementum-enamel junction (D-AC-
CEJ), and the width of the periodontal space (D-PSW).

The same elements identified at US examination were
visualized by direct microscopy: enamel, tooth root, gin-
gival sulcus, alveolar crest, cortical bone, attached gingi-
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a)

Fig 3. Periodontal ultrasonography using 20-MHz DermaS-
can C Cortex Technology a) periodontal ultrasonography us-
ing 20-MHZ DermaScan C Cortex Technology; b) explanatory
drawing: gutta percha landmark (GL), enamel tooth crown (E),
gingival sulcus (GS), cementum-enamel junction (CEJ), tooth
root (R), aleveolar crest (AC), connective tissue (CT), gingival
tissue (G), free gingival margin (FGM), cortical bone (CB); a-
histological sulcus, b- epithelial attachment, c- connective tis-
sue attachment, biological width (b+c).

Fig 4. Direct microscopy (4x magnification): a) periodontal di-
rect microscopy using an Olympus CKX41 microscope, mag-
nification 4x; b) explanatory drawing: enamel tooth crown (E),
gingival sulcus (GS), cementum-enamel junction (CEJ), tooth
root (R), aleveolar crest (AC), connective tissue (CT), gingival
tissue (G), free gingival margin (FGM), cortical bone (CB); a-
histological sulcus, b- epithelial attachment, c- connective tis-
sue attachment, biological width (b+c).

val tissue, and free gingival margin (fig 4). The follow-
ing distances were measured using the Olympus CKX41
software: the height of the gingival sulcus (M-HGS), the
distance between the alveolar crest and cementum-enam-
el junction (M-AC-CEJ), and the width of the periodon-
tal space (M-PSW).

C Cortex Technology. Computer generation of a gingival sulcus
contour: a) Periodontal ultrasonography using 20-MHz Der-
maScan C Cortex Technology without gingival contour. The
gingival ligaments are attached to the tooth (GLi); b) The real
contour as traced by the medical expert; ¢) The final contour
detected on the gray-scale image and d) after the application of
k-means clustering (k=4).

The contour is initialized by the user and then auto-
matically evolves towards the real margins of the ana-
tomic structure (gingival sulcus), which according to the
“snakes” algorithm respects the condition of minimum
energy.

Figure 5 depicts the final contour obtained through
the “snakes” algorithm. The contour was determined di-
rectly from the gray-scale image, as well as from the im-
age obtained after the application of the k-means cluster-
ing algorithm (k=4).

To obtain the computer-generated measurements, of
the height of the gingival sulcus (C-HGS), the experi-
ments were performed on 36 ultrasound images of 150 x
150 pixels. The k-means clustering method was tested for
k parameter values of 2, 3, 4, and 5, with the best results
being those for 3 and 4.

For the active contour models, weights of 0.1, 0.09,
0.12, and 2 were assigned to the elastic energy, the bend-
ing energy, the balloon force, and the external energy, re-



Med Ultrason 2015; 17(3): 273-279 277

spectively, as they provided the best results. This method
was employed before and after the application of k-means
clustering, with the best results achieved after application
of the unsupervised classification algorithm. The results
obtained for segmentation through active contour models
were validated by their comparisons with the contours
traced manually by the medical expert.

After computer-assisted identification of the gingival
sulcus, the gingival sulcus height was measured on com-
puter processed ultrasound images (C-GSH).

There was a strong correlation between D-AC-CEJ
and M-AC-CEJ, and between D-PSW and M-PSW with
R coefficient = 0.854 (85%), respectively R =0.87 (87%).
The correlation between M-GSH and D-GSH measure-
ments was lower R = 0.557 (55.7%). The correlation be-
tween M-GSH which represented the gold standard and
C-GSH was higher than the one obtained before the ap-
plication of the computer algoritm with an R coefficient
=0.78 (78%).

Tables I and 1II list the mean values of the paired
statistics. The absolute mean differences of the linear
measurements obtained by Dermacan and the Dermas-
can-automated computer-generated values, and the cor-
responding values obtained by microscopy, as the gold
standard, varied between 0.06 and 1.75 mm. The abso-
lute values of the SD of these differences ranged between
0.09 and 1.75. Significant correlations (p<0.05) were
found between the values measured by all three methods
(Dermascan, computer, and microscopy).

Discussions
The biological width of the attached gingival tissue

is extremely important in diagnosing and tracking the
evolution of periodontal diseases. The biological width is

bordered by the bottom of the gingival sulcus and the cor-
tical bone (alveolar crest). The strong correlation between
D-AC-CEJ and M-AC-CEJ, and between D-PSW and
M-PSW showed that cortical bone is easily identifiable
on US images. As such, attention could then be focused
on identifying the gingival sulcus, the limits of which are
often difficult to determine on US images. The weakest
correlation was between D-GSH and M-GSH (R=0.557),
which justified computer processing of the US images.
Automated processing slightly modified the contour of
the gingival sulcus. Statistical analysis showed a stronger
correlation between C-GSH and M-GSH than between
D-GSH and M-GSH, demonstrating that the new con-
tour of the gingival sulcus was closer to the histological
contour determined on the gold-standard microscopy im-
ages. The other two dimensions, D-AC-CEJ and D-WPS,
or M-AC-CEJ and M-WPS, were measured because they
are the ones traditionally used in assessing horizontal and
vertical bone atrophy during periodontal diagnosis.

Both k-means clustering and active contour models
(“snakes”) have been implemented in other medical im-
age segmentation applications [23-25]. However, these
techniques have not been used for segmentation tasks
involving periodontal high-frequency ultrasound images.

To monitor periodontal evolution following treat-
ment, clinical parameters are often obtained by manual
probing [26]. The patient is followed over a short time
span (weeks, months) such that the development of minor
changes, which could be important in the long term, are
extremely difficult to detect. Moreover, the findings of
these examinations are influenced by the type and size of
the periodontal probes used [27] and by the pressure ex-
erted on the anatomic structure by the operator. Thus, for
these types of studies, as well as those in which orthodon-
tic treatment is monitored, i.e., where minor changes in

Table 1. Paired statistics of the Dermascan and microscopy (gold standard) measurements

Differences between microscopy and Dermascan measurements

Periodontium variables Mean difference SD R Significance (two-tailed)
Values in mm M-AC-CEJ — D-AC-CEJ —1.748 1.638 0.854 p =10.002

M-PSW — D-PSW -0.061 0.087 0.772 p <0.001

M-GSH — D-GSH —0.258 0.453 0.557 p=0.001

D-AC-CEJ, Dermascan distance between the alveolar crest and cementum-enamel junction; D-GSH, Dermascan gingival sulcus height;
D-PSW, Dermascan periodontal space width; M-AC-CEJ, microscopy distance between the alveolar crest and cementum-enamel junction;
M-GSH, microscopy gingival sulcus height; M-PSW, microscopy periodontal space width; R, correlation coefficient; SD standard deviation.

Table II. Paired statistics of the computer-generated values and the microscopy (gold-standard) measurements.

Differences between the microscopy and the computer-generated values
Mean difference SD R Significance (two-tailed)
—0.181 0.322 0.785 p=0.002

C-GSH, computer-generated gingival sulcus height; M-GSH, microscopy gingival sulcus height; R, correlation coefficient; SD standard
deviation.

Periodontium variable
Value in mm M-GSH - C-GSH
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gingival attachment could predict negative consequences,
assessment of the periodontal tissue with a high accuracy
imaging method is very useful for diagnosis purposes. In
their literature review, Marotti et al [28] concluded that
periodontal US is gaining increasing acceptance because
of the accuracy of the data and because it is a non-inva-
sive, painless, and inexpensive method. Moreover, it does
not involve the use of ionizing radiation, unlike radio-
logical examination of the periodontium, with exposure
of both patients and the medical staff. In addition, radio-
logical methods do not provide information on the soft
tissues, such as the fixed gum and free gingival margins.
Both X-rays and cone beam computed tomography yield
information only on vertical and horizontal bone atro-
phies. While cone beam computed tomography provides
more information than periapical X-rays [29], it cannot
be used for regular periodontal checkups because of the
high doses of radiation required for a proper evaluation.

The main disadvantage of US is that, in many situa-
tions, the images are difficult to interpret and certain areas
in the oral cavity are hard to examine because of the large
size of the transducers. An additional drawback occurs
when interpreting US images of the marginal periodontal
area, because the differences in the echogenicities of the
different tissues are small, and as such identification of
the gingival sulcus is difficult.

Until recently, US of periodontal tissues was used
mainly in an experimental setting. Zimbrean et al ex-
amined periodontal tissues at 40 MHz and were able to
measure dimensions related to gingival, dental, and bone
tissues with high accuracy [30]. Mahmoud et al, in an in
vitro study, successfully obtained three-dimensional US
reconstructions of mandible bone defects [31]. Tsiolis et
al concluded, after a study performed on pig mandibles
with a 20-MHz transducer, that US is a highly accurate
and repeatable technique for periodontal assessment and
can be used to image the main periodontal structures [12].

The novelty of our study lies in the identification and
visualization on US images of the gingival sulcus, with-
out the need for any other element that could influence
the gingival attachment level. Moreover, the computer
algorithm used in the analysis significantly increased the
accuracy of the measurements, as confirmed by the fact
that the values did not significantly differ from those ob-
tained by microscopy. Thus, the gingival tissues and corti-
cal bone position with respect to hard dental tissues can
be assessed very accurately, improving the precision and
quality of periodontal diagnosis and treatment monitoring.

The computerized method can be further optimized
by also considering textural features, which will pro-
vide better separation between the gingival sulcus region
and neighboring regions, with enhanced accuracy of the

method based on active contour models. With further de-
velopment, it can be used even by clinicians with less
experience in the field of ultrasonography.

The limits of the study consist of restricting the exam-
ined area at the lingual surface. The buccal one was im-
possible to be examined due to the high level of muscle
insertions, resulting in a surface of the alveolar process
smaller than the transducer footprint. Due to the size of
the trasducer and the low penetrability it was impossible
to examine human patients, therefore the study was per-
formed only on an animal experimental model. Further
research using devices with different size transducers is
necessary to allow application of the method in humans,
with the appropriate size transducer chosen according to
the difficulty and the area of the examination. Studies per-
formed with devices having variable frequencies (MHz)
would also be of interest, selecting the most appropriate
frequency for visualizing the periodontal tissues, in order
to obtain a high resolution of the images and to have a
penetrability which allows us to do the examinations.

Conclusions

Periodontal US allows precise examination and local-
ization of the gingival epithelial attachment level, while
providing substantial data on the soft gingival tissues.
Vertical and horizontal bone resorption can be evalu-
ated, which is extremely important in the diagnosis and
monitoring of periodontal diseases. Periodontal US was
further improved by the computerized processing of the
recorded ultrasound images.
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