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Summary

Purpose. In this study the temporal texture differentia-
tion associated with the bone formation properties,
around loaded oral implants after Platelet Rich Plasma
(PRP) employment, was investigated in Panoramic Radi-
ographs.

Materials and methods. Thirty eligible patients are ran-
domly assigned to two groups. The test group received
PRP application around new implants, while in the con-
trol group no PRP treatment was made. The bone-to-im-
plant contact region was analyzed in a clinical sample of
60 Digitized Panoramic Radiographs, 30 corresponding
to immediate implant loading (Class-l) and 30 after an 8
month follow-up period (Class-Il). This region was sam-
pled by 1146 circular Regions-of-Interest (ROIs), result-
ing from a specifically designed segmentation scheme
based on Markov-Random-Fields (MRF). From each ROI,
41 textural features were extracted, then reduced to a
subset of 4 features due to redundancy and employed as
input to Receiver-Operating-Characteristic (ROC) analy-
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sis, to assess the textural differentiation between two
classes.

Results. The selected subset, achieved Area-Under-
Curve (AUC) values ranging from 0.77-0.81 in the PRP
group, indicating the significant temporal textural differ-
entiation has been made. In the control group, the AUC
values ranged from 0.56-0.68 demonstrating lesser os-
seo integration activity.

Conclusion. This study provides evidences that PRP ap-
plication may favor bone formation around loaded dental
implants that could modify the dental treatment plan-
ning.

KEY WORDS: Platelet Rich Plasma; dental implants; medical image texture analy-
sis; implant segmentation; Markov Random Fields; radiography.

Introduction

Implantology has been the key factor in dentistry effective-
ness throughout the last few decades. Although a number of
restorative options for the treatment of missing teeth still ex-
ist, none have proven to be as functionally effective and ro-
bust as implants. In many cases, dental implants may be the
only consistent and successive choice for the restoration of
all necessary functionality of the teeth and supporting struc-
tures. The majority of dental implants in use today are made
from titanium or titanium alloy (1). Studies have shown a
five-year success rate of 95% for lower jaw implants and a
90% success rate for upper jaw implants. The success rate
for upper jaw implants is slightly lower because the upper
jaw (especially the posterior section) is less dense than the
lower jaw, making a successful implantation and osseointe-
gration potentially more difficult to achieve (2).

Despite the high success rate of dental implants, the osteo-
regenerative potential of the surrounding tissues (soft and
hard) that substantially affect the outcome of the overall sur-
gical procedure still remains an important issue. Several
studies have shown that the surgical placement of implants
in sites with poor osteo-regenerative properties has a de-
creased probability of success. A high degree of primary im-
plant stability (high value of insertion torque) seems to be
one of the prerequisites for a successful procedure (2). Den-
tal implants may break or become infected (like natural
teeth) and crowns may become loose. In order to promote
healing of end-osseous implants and bone grafts, various
procedures have been proposed. The majority of these pro-
posals concentrate on strengthening the bone-to-implant
contact area so as to accelerate the osseous healing. These,
include the application of Platelet Rich Plasma (PRP), bone
morphogenetic proteins (BMPs) and growth factors (3).
Platelet Rich Plasma is an autologous concentration of hu-
man platelets in a small volume of plasma. Due to its con-
centration of platelets, PRP consists of the 7 fundamental
protein growth factors proved to be actively secreted by
platelets. These growth factors include the three isomeres of
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platelet-derived growth factor (PDGFaa, PDGFB, and
PDGFap), two of the numerous transforming growth factors-
B (TGFB1 and TGFB2), vascular endothelial growth factor,
and an epithelial growth factor. All the aforementioned
growth factors possess anti-inflammatory and pro-regenera-
tive properties that permit tissue wounds to heal faster and
more efficiently. Additionally they can stimulate cell prolifera-
tion, matrix remodeling and angiogenesis (4, 5).

The use of these growth factors in order to enhance healing
is of a great interest to a large number of researchers and
clinicians. Their main approach is the PRP effect in bone re-
generation analyzing histological and histomorphometric da-
ta of animal and human tissue. The majority of these studies
report a significant enhancement of healing when PRP is
used with positive results in either or both bone and soft tis-
sue healing. In these studies an enhancement of bone re-
generation is also observed (6-8).

However, in disagreement with most of scientific evidences,
there have also been authors supporting the hypothesis that
there was little or no benefit from PRP treatment (9, 10). The
results of these studies could be affected by the design of
the experiment or by the too short follow-up period that has
not allowed to appreciate the real differences in new bone
formation induced by the addition of PRP.

The commercial exploitation of these growth factors has led
to the development of a wide range of preparation protocols,
kits and centrifuges. Most of these products were called
PRP, the same name as the original transfusion platelet con-
centrates, which does not allow distinction between the dif-
ferent systems and protocols employed (11, 12). Only a few
studies have attempted to quantify dental bone density and
the PRP effect in dental implantations (13-17). Gatti et al.
(13) investigated the bone density alteration, based on the
gray level values, around the implant in three different types
of dental implants which were placed in dogs. Youssif et al.
(14) presented a new approach of applying computer algo-
rithms to radiographic images of dental bone implantation
used for bone regeneration. This study is applied to two den-
tal cases at different follow up times so as to assess the rate
of bone density alterations by comparing the baseline radi-
ograph to the follow up images. The density changes at the
intra-bony affected area are assessed by means of a statisti-
cal analysis of parameters from the gray-level histogram and
have shown a 37.32% and a 63.37% increase in the bone
density by the end of the follow up period of about 12
months.

Barone et al. (15) analyzed the bone density around the
loaded oral implants by using a new volumetric CT scan and
compared it to unloaded implants. Four patients were select-
ed for this study. A total of 12 oral implants were placed. In
these patients six of these implants were loaded immediate-
ly, while six were left unloaded. Six months after the place-
ment of immediately loaded and unloaded oral implants, they
were analyzed by a volumetric CT scan by means of the
densitometric profile from para-axial slices (mean and stan-
dard deviation values). The differences observed between
the two groups of the oral implants (immediately loaded and
unloaded) were statistically significant (p<0.05).

Wilding et al. (16) also investigated the possibility that fractal
dimensions of bone images taken from routine orthopanto-
mograms could be used to observe and to monitor bone re-
modelling in response to dental implants. This study involved
18 patients who had received fixed implant-supported pros-
theses. A window of bone adjacent and distal to the most
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posterior implant was defined as the region of interest from
which the fractal dimension of the image was calculated in
order to evaluate whether there were any significant shifts in
fractal dimension during the recall period after implantation.
A significant increase in fractal dimension was found during
the period up to 2 years after implantation (p < 0.001).
Wojtowicza et al. (17) studied the regeneration of the maxil-
lary alveolar process after PRP use in a 17-year-old patient
who had lost the upper central incisors together with the
alveolar bone as a result of a car accident. The regenerated
bone was analyzed after 10 months and compared to the in-
tact bone using the Fourier and fractal analysis of radi-
ograms. Fractal analysis of intact and regenerated bone
showed a higher fractal dimension for the intact bone in
comparison with the regenerated bone, confirming a lower
complexity of the newly formed trabecular structures.

For the first time a randomized experimental case control
study, in terms of a computerized texture analysis, of
platelet-rich plasma (PRP) as a promoter of bone healing in
dental implants is carried out. The main objective was to
quantify any texture differentiation that occurred during the 8
month follow up period, into the bone-to-implant contact re-
gion, between the two classes (0 & 8 month follow up period)
and consequently to evaluate any statistical difference be-
tween test and control groups that can be attributed to the
PRP treatment. The texture analysis in association with bone
formation properties around the loaded oral implants was
employed in the panoramic radiographs by means of first or-
der, co-occurrence, run length textural features and Receiver
Operating Characteristic (ROC) curve analysis.

Materials and methods

Clinical dataset and surgical procedures

This study has undergone an ethics review by the University
of Patras Ethics Board. A clinical dataset of 30 patients was
selected for the study that was randomly assigned to two
groups (test group-15 patients, control group-15 patients).
Ages within the clinical dataset ranged from 25-65 years. Ex-
clusion criteria for participating in to the study were mainly dia-
betes, osteoporosis, cardiac and thoracic diseases, non-
smoking and cancerous patients. All patients that were finally
chosen had maxillary and mandibular tooth loss and had cho-
sen the surgical implant solution although they had been ad-
vised of an alternative treatment plan such as prosthetics.
They had all been informed of the requirements for participa-
tion in the study and had a consent form signed. The test
group received the PRP application around new implants and
within the surgical site whereas in the control group the new
implants were placed without PRP treatment. A follow up clini-
cal sample of 60 digitized panoramic radiographs, correspond-
ing to the 30 patients imaged immediately after implant load-
ing (Class I) and 8 months later (Class Il) were analyzed.

All surgical procedures were performed under local anesthe-
sia (Ubistesin forte - 1.7 ml). A number of 2 - 6 implants were
placed in each patient. The bone surface was exposed by of
type -H- Incision. Bone defects of 3.60 mm were created. Im-
plants 11.50 mm in length and 3.75 mm in diameter were then
placed (MF7-11375, MIS Implants Technologies Ltd, Israel)
after been immersed in PRP. PRP was also placed within
each surgical site before implant loading.

PRP was derived in the test group with the following proce-
dure: a 40 ml of autologous blood was drawn from each pa-
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tient the sample initially centrifuged at 2400 rpm for 10 min in
order to separate the PRP and the platelet-poor plasma (PPP)
from the red blood cells. Following both the PRP and PPP
were again centrifuged at 3600 rpm for 15 min to further sepa-
rate the PRP from the PPP. Platelet counts were then done
for each patient. Subsequently, the PRP was activated just
before application with a 10% calcium chloride solution (18).
An image dataset consisting of two panoramic radiographs for
both groups, the first one (Class |, 76 implants) was acquired
immediately after surgery (baseline panoramic radiograph)
and the second one (Class Il, 76 implants), eight months later
(19) leading to a total of 60 radiographs, is analyzed. All
(baseline) radiographs had a one-to-one correlation to those
obtained after the 8 month follow up period.

Regarding the standardization of the panoramic radiographs
all images were taken by the same technician according to a
standardized protocol for patient positioning and exposure pa-
rameter setting. In addition, in for each patient a registration
method (Matlab built-in intensity based algorithm that em-
ployed as input the output from the MRF-based segmentation
method introduced in this study) utilized the mean square er-
ror metric derived from the segmented implants in order to
compensate any minor geometrical misalignment between the
two panoramic radiographs of each patient (0 & 8 months).
The majority of the images (baseline and follow up) produced
a mean square error close to zero. As a result, all (baseline)
radiographs had a one-to-one geometrical correlation to those
obtained after the 8 month period.

The follow up period is within the time range of (6 to 12
months) as already proposed in most of the aforementioned
studies (clinical and quantitative) and has been considered
adequate for bone regeneration evaluation by the expert den-
tist participated in this study. Figure 1 highlights the region
from an implant in which the texture analysis has been em-
ployed along with relevant zoomed area indicating a radiologi-

Figure 1 - Oral implant of a dental panoramic radiograph. Zoomed
image part at arrow locations indicate the bone-to-implant regions in
which the texture analysis is applied. The differentiations in radiolog-
ic appearance patterns (increased gray tone illumination and variabil-
ity) of the bone-to-implant area are been considered towards efficient
segmentation.

Clinical Cases in Mineral and Bone Metabolism 2014; 11(1): 59-66

cal appearance of the patterns that were considered.

The panoramic x-ray equipment that utilized was the Or-
thophos C (Siemens co, AG Wittelsbacherplatz 2, 80333 Mu-
nich, Germany) and the radiographic parameters were set at
66-69 kVp and 16 mA. All panoramic radiographs were digi-
tized by the MicrotekScanMaker i800 (Positive film, 600 dpi,
16 bit grayscale) scanner (Microtec Industries, Silicon valley,
Taiwan). The software employed for digitization and storage
was the MicrotekScanwizard Pro V7.11. The provided digi-
tized images were in TIFF format (Tagged-Image File Format).
The x-ray equipment as well as the film digitizer performance
were evaluated, employing appropriate quality control proto-
cols, so as to ensure proper functioning of the medical equip-
ment and the high quality of the digitized images (20, 21).

Identification of bone-to-implant contact region (ROIs)

A specifically designed detection algorithm was targeted to
identify ROIs from panoramic radiographs so as to sample
the bone to implant contact region. This region encompasses
tissue in between and adjacent to implant windings, candi-
date for bone regeneration. Accurate ROI identification is
critical, as over-segmentation (inclusion of an implant bor-
der) or under-segmentation (loss of valuable information
within the implant’s windings) would compromise subsequent
texture analysis.

At first, the dental implant is extracted from the surrounding
tissue by means of the Markov Random Field (MRF) method
(22). MRF modeling combines conditional (local intensity dis-
tribution) with contextual (intensity similarity within small
neighborhoods) information under the Bayesian framework
in order to estimate the true intensities of the image rather
than those based only on the conditional information (23). It
assumes that the class probability of a pixel is only depen-
dent on class membership of its spatial neighbors (also
called lattice) which in turn reduces the possible influence of
noise and overlapping structures. The model assumption
that the conditional distribution depends on the pixels in the
near neighborhood is subject to the Bayesian framework
which states that the decision rule for labeling an image pixel
combines the conditional intensity distribution of an individ-
ual region with prior knowledge regarding that region.

Let us assume that P(X) is our prior knowledge and P(YIX) is
the probability of realizing the observed image given the dis-
tribution of regions in the image. The most widely used con-
ditional intensity distribution is the Gaussian distribution,
whose function, given the class xs is given by:

e
PY=y|X=x)= e (1)

\270?

where us and os are the parameters of the distribution of the
class xs.
Then, by Bayes’ theorem

PY | X)P(X) (2

PX N ==—p 0

where P(XIY) is our posterior.
Then xcan be obtained by taking the negative of the posteri-
ori estimate natural logarithm and minimizing it'8:

% =argmin(-log(P(X| Y))) (3)
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Simulated annealing and iterated conditional modes are the
two main approaches in order to solve the optimization prob-
lem. In this study the stochastic approach, simulated anneal-
ing (SA) was implemented (24).

The SA solves the minimization problem by sequentially up-
dating (i.e raster scanning the image) labels by minimizing
the following equation at each pixel s:

. . {(y-m
% = argmin, e, = .
o,

+ %log (2rol)+ BU(x, )}(4)

where U(xs) is the number of pixels in the neighborhood that
have the color xs.

After the dental implant boundary extraction, the particular
interface region (i.e. tissue in between and adjacent to the
implant windings) in the binary images was sampled by cir-
cular Regions Of Interest (ROIs) that were derived from the
specifically designed detection method based in morphologi-
cal closing by means of circular closing elements of varying
size. Finally, two ROI classes for both groups were created
corresponding to the radiographs acquired immediately after
the implant and 8 months later.

Texture and statistical analysis

Forty-one (41) textural features were automatically calculat-
ed from each segmented ROI. The textural features are re-
lated to the gray-tone structure for the bone-to-implant inter-
face and possess information relevant to the osseo-integra-
tion potential in that region. Four (4) features were computed
from the gray-tone histogram, while the mean and range of
Thirteen (13) second order statistic features, extracted from
the co-occurrence matrices and Five (5) features extracted
from the run-length matrices over four directions (00 , 459,
900 and 1359 and a distance of d=1 pixel, resulting in 26
and 10 features respectively (25, 26). Additionally, the fractal
dimension feature was also computed carrying information
regarding the degree of gray level complexity (Table 1) (27).
The selected feature set, provides significant information, re-
garding the evaluation of a possible change throughout the 8
month period of spatial and intensity dependencies of the
pixels within the bone-to-implant region that can be attrib-
uted to the osseo-regeneration procedure. Moreover, the
generated features must encode this kind of information in
order exhibit high separability attributes between the two
classes.

Ideally, all 41 features at hand should be utilized, but since a
number of them may be redundant due to mutual correla-
tions, an optimum number of them had to be selected to
achieve the highest discrimination. A common technique in
achieving this is the Stepwise Regression Analysis (SRA)
that led to a subset of features that is significant different
and carries the aforementioned discriminant properties (28).
SRA is a sequential feature selection technique specifically
designed for least-squares fitting in a multiple regression
model. It is based on an add/remove features scheme from a
multilinear model based on their statistical significance in a
regression. The stepwise regression procedure starts off by
choosing an equation containing the single best feature and
then attempts to build up with subsequent additions of other
features one by one as long as these features are ‘statistical-
ly significant’ or highly correlated with that feature.
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Table 1 - Textural features employed in the texture-based evalua-
tion of bone formation properties of PRP.

Textural Feature

Gray-Tone Histogram Features

1 Mean value (m)

2 Standard Deviation (std)
3 Skewness (sk)

4 Kurtosis (k)

Co-Occurrence Features

5 Angular Second Moment (ASM)

6 Contrast (CON)

7 Inverse Different Moment (IDM)

8 Entropy(ENT)

9 Correlation(COR)

10 Sum of Squares (SSQ)

11 Sum Average (SAV)

12 Sum Entropy (SENT)

13 Sum Variance (SVAR)

14 Difference Variance (DVAR)

14 Different Entropy (DENT)

16 Information Measure of Correlation (ICM1)

17 Information Measure of Correlation (ICM2)
Run-Length Features

18 Short Run Emphasis(SRE)

19 Long Run Emphasis(LRE)

20 Grey Level Non Uniformity (GLNU)

21 Run Length Non Uniformity (RLNU)

22 Run Percentage (RP)

23 Fractal Dimension (FD)

The order of addition is determined by using the partial F-
test values in order to select which feature should enter next.
The highest partial F-value is compared to a selected F-to-
enter value. A feature is considered significant and is added
provided that its highest partial F-value is less to the select-
ed F-to-enter value. After a feature is added, the regression
equation is examined to see if any feature already added in
the earlier stages of the procedure should be removed be-
cause of the relationship between it and other new added
variables now in the regression model. A feature is removed
if its highest partial F-value is greater than the selected F-to-
remove value. Stepwise regression has the advantage of re-
moving features that have been added or adding features
that have been removed during the regression process and
follows the “minimum redundancy - maximum relevance”
principle as adopted by several recently proposed feature
selection methods (29). The filter-based approaches for fea-
ture selection such as SRA provide the identification of the
discriminant features, instead of the so called wrapper ap-
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proaches such us Principal Component Analysis (PCA)
which can only estimate a good feature subset (30).
Statistical differentiation for the selected subset was exploit-
ed by means of ROC curve analysis. The ROC curve is a
plot of the true positive rate (sensitivity) versus the false pos-
itive rate (1-specificity) for different thresholds over the entire
range of each feature values and it is independent of class
distribution or error costs. The AUC can be statistically inter-
preted as the probability that a random (class |, Class II) pair
of feature values will be correctly discriminated (31). ROC
analysis has been utilized to assess the discriminant power
of each independent feature from the selected subset. Fea-
tures achieving the highest Area Under the Curve (AUC) are
capable of capturing the osseo integration enhancement due
to the PRP employment. The AUC values were obtained by
the binormal parametric method in order to approximate the
area (31). It computes the AUC by fitting two normal distribu-
tions to the data. Compared to the empirical ROC approach,
the binormal ROC is computationally more affordable and ro-
bust in small sample size cases (32).

Prior to calculation of textural features, normalization in each
ROI was implemented so as to compensate for the possibili-
ty that a segmented ROI might include some pixels from the
dental implant, which might in turn create outliers and an im-
balanced influence on features values. Each ROI intensity
values were normalized between u+30 where u was the
mean value of the gray levels inside the ROl and o the stan-
dard deviation. The gray levels that were located outside the
range [u—30, u+30] were excluded from further analysis.

Algorithm implementation

The ROI segmentation and registration methods as well as
the feature extraction computations and stepwise regression
analysis were all implemented in Matlab R2012 (MathWorks,
3 Apple Hill Drive Natick, Massachusetts 01760, USA). The
ROC analysis was performed with the NCSS, PASS and
GESS software package (NCSS, 329 North 1000 East,
Kaysville, Utah84037, USA). The computer used for pro-
cessing had a Dual Core AMD 64 Athlon processor running
at 2.8 GHz and 4 GB of RAM.

Results and discussion

Regarding the dental implant boundary extraction, the pro-
posed MRF model consists of two components: a random re-
gion labeling component (Figure 2a) which serves as the ini-
tialization step of the model and a combination of two textur-
al features that serve as input to the model. Image gray level
and local entropy values that represent textural information
for each pixel were employed as input to the MRF segmenta-
tion algorithm in order to fit the image data into the two final
clusters. The MRF algorithm provided as an output, a binary
image presenting two final clusters (i.e., one cluster concern-
ing the area that presents with a high x-ray reflectance (im-
plant) and a second cluster concerning the areas in the im-
age with a high x-ray absorbance (surrounding tissue and
bone — Figure 2b). The segmented implant border it depicted
in Figure 2c.

The main challenge in estimating the implant segmentation
performance is “ground truth”, i.e. defining implant borders.
In this study an expert observer, a dentist with seventeen
years of experience, has defined the ground truth by gener-
ating manual outlines of the implant. The degree of overlap
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between the two segmented areas, as derived by the ob-
server—“ground truth” and the computer, was used to assess
accuracy. Overlap is defined as the ratio of intersection over
the union of the two segmented areas, the ground truth and
the computer-generated one (33). The value of overlap is
bound between zero (no overlap) and one (exact overlap).
To assess the difference in the segmented border shape,
mean (dmean), root mean square (drms) and maximum (dmax)
distance between the computer- and manually-defined bor-
ders were calculated for the 96 implants included in the
dataset. The proposed implant segmentation method demon-
strated a high segmentation accuracy, corresponding to
overlap=0.934 + 0.010, dmean=2.172 = 0.345 pixels,
drms=3.826 + 0.301 pixels, and dmax=7.867+ 3.047 pixels.

To identify circular ROls from bone-to-implant contact re-
gion, sampling the tissue in between and adjacent to the im-
plant windings, the cluster corresponding to the implant
boundary was subjected to morphological closing using a cir-
cular closing element of varying size (7-10 pixels), from
whom the original MRF implant cluster was subtracted. This
result in the area segments (Figure 2d) of the bone to im-
plant contact region to which the circular sampling ROls
sizes were adapted (Figure 2e).

To improve ROI detection rate further, a home developed
Graphical User Interface (GUI) is introduced, on top of the
automated ROI identification system proposed, allowing for
manual placing of circular ROIs in the bone-to-implant con-
tact regions missed by the automated step (Figure 2f). The
radiologist exploring the GUI places 2 control points one cor-
responding to the center of bone-to-implant contact region
and the second one used to define the radius of the ROI.
The application of the proposed bone-to-implant contact re-
gion identification system resulted in 573 circular ROls of
Class | and 573 ROIs of Class Il (mean ROI area= 209.00
+81.49 pixels and pixel size=23.6 pm).

The stepwise regression analysis procedure in the feature
set (41 textural features) towards feature reduction was per-
formed utilizing the threshold of probability to enter and the
probability to remove 0.05 & 0.10 respectively, leading to a
subset of 4 features (Angular Second Moment, Correlation,
Long Run Emphasis and Gray Level Non Uniformity). Table
2 provide the results of the ROC analysis employed at both
(PRP and test) groups respectively for the selected feature
set. All features selected from the stepwise regression analy-
ses procedure achieved AUC values greater than 0.77 in the
PRP group, yielding increased differentiation capability for
the selected features. On the contrary, in the control group
the corresponding AUC values were smaller ranging from
0.56 — 0.68 (Table 2) indicating lesser osseo-integration ac-
tivity in the bone-to-implant regions compared with the PRP
group. The corresponding box plots of each feature from the
selected subset are depicted in Figure 3.

To our knowledge the only texture-based study that investi-
gated the bone regeneration properties in Dental implants af-
ter the PRP immersion was held by Wojtowicza et al. (17) by
means of Fourier and fractal analysis. That study, consid-
ered of a very limited dataset (1 patient), and had shown that
the fractal dimension feature exhibits a high performance in
the bone regeneration procedure evaluation. However, in our
clinical dataset this particular feature exhibited poor differen-
tiation performance (AUC=0.57). The other aforementioned
methods (13-16) studied bone remodeling in dental implants
in radiographs or CT scans without the use of PRP.

Texture analysis carried out in the present study has demon-
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Figure 2 a, b, ¢, d, e, f - (a) Ran-
dom image initialization, (b) MRF
clusters, (c) implant segmentation
(black outline), (d) areas of bone
to implant contact, (e) fitted circu-
lar sampling ROls (black color),
and (f) radiologists’ selected ROI
(gray color).

Table 2 - Subset of textural features after Stepwise Regression analysis & ROC analysis results in the PRP & CONTROL groups.

PRP GROUP

Textural Feature AUC
(LOWER — UPPER 95.0%

CONFIDENGE LIMIT)

CONTROL GROUP

AUC
(LOWER — UPPER 95.0%
CONFIDENGE LIMIT)

Angular Second Moment 0.80 0.66
(Average) (0,69 -0,87) (0,55 -0,69)

Correlation 0.78 0.61
(Average) (0,74 -0,82) (0,58 — 0,66)

Long Run Emphasis 0.77 0.56
(Average) (0,68 —0,83) (0,49 -0,61)

Gray Level Non Uniformity ' 0.81 0.68
(Range) (0.76 — 0.85) (0.59 - 0.73)

strated a significant difference in the selected texture subset
between the two groups. Regarding the PRP group, the four
selected image texture features in this study are capable of
capturing the increased temporal texture differentiation, com-
pared to the control group, in the bone to implant contact re-
gions that can be attributed to PRP effect to bone remodel-
ing. The presented results are in total accordance with previ-
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ous studies (6-8) that analyzed histological and histomorpho-
metric data of animal and human tissue in the same contact
regions. Angular Second Moment (ASM), Correlation (COR)
and Gray Level Non Uniformity (GLNU) features describe the
spatial dependencies, the degree of homogeneity and the
presence of large run lengths within the bone-to-implant re-
gion and take high values in regions with great variability.
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Figure 3 a, b, ¢, d - Box plots from the selected subset for both groups, (a) Angular Second Moment (ASM), (b) Correlation (COR), (c) Gray Lev-

el Non Uniformity (GLNU), and (d) Long Run Emphasis (LRE).

Long Run Emphasis (LRE) feature is indicative of long runs
and in contrast with the other features it takes low values for
areas with high variability.

All features in the selected subset from the PRP group carry
the temporal alteration of the gray value profile within the
bone-to-implant interface. The co-occurrence based features
(Angular Second Moment and Correlation) had a tendency
toward higher values in the PRP-treated cases, which in turn
suggest that a newly bone-regeneration procedure is active
within the implant windings. The run-length features (Long
Run Emphasis and Gray Level Non Uniformity) also demon-
strate the luck of the gray level uniformity during this time
period which also proves the variable state of the gray val-
ues due to the osteo-regererative procedure that takes place
within the bone-to-implant interface. In particular, GLNU pre-
sented relatively higher values in the cases where PRP was
applied, whereas LRE presented lower values due to high
variability in the bone-to-implant region (Figure 3a,b,c).

In the control group, the ASM, COR and GLNU features pre-
sented lower values compared to PRP group which in turn
suggest that the osteo-regererative procedure is less active.
In the same context the LRE values in control group exhibit-
ed higher values due to less variability of the gray value pro-
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file within the bone-to-implant interface (Figure 3d).

The proposed image analysis scheme attempts for the first
time to contribute to the current debate, whether PRP bene-
fits the bone regeneration or not, exploiting radiographic im-
age appearance. The present study exploits within a clinical
dataset (PRP and control group) an extended computerised
feature set in dealing with image appearance differentiation
between immediate implant loading (Class |) and after 8
month follow up period (Class Il) representing osseointegra-
tion or not. This effect is investigated by means of the ROC
analysis providing a more robust measure of differentiation.
Despite the fact that bone formation evaluation is carried out
mostly in Computed Tomography dental images, it is not the
first time that X-rays are employed in computerized analysis
towards either bone or other structure temporal alteration.
Even in a single plane (such as panoramic radiographs) the
sophisticated 2nd order textural features (co-occurrence and
run-length features) employed in this study have the poten-
tial to reveal any changes in the absorption of x-rays
throughout time. This implies that the quantification of any
absorption change could be attributed to bone density alter-
ation. We strongly believe that this study could provide new
knowledge regarding the debate around PRP.
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The outcome of the proposed method is of a significant clini-
cal interest because it reinforces the prevailing view of the
dental community, that PRP augments the osteo-regenera-
tive potential of surrounding tissues after dental implanting,
which in turn orients the daily surgical procedure towards
PRP employment.

Conclusion

The temporal texture differentiation associated with the bone
regeneration properties, around loaded oral implants, after
Platelets Rich Plasma (PRP) application, was investigated in
a follow up clinical sample of panoramic radiographs by
means of the differentiation of the image texture. The results
of the ROC analysis demonstrated that the addition of PRP
had a significantly positive effect on bone formation as cap-
tured by dental panoramic radiographs.

In terms of analyzing the information in widely used
panoramic radiographs, the proposed approach in PRP ef-
fect quantification and evaluation, highlights the potential of
appropriately designed image analysis methods, such as
segmentation and texture analysis, as essential auxiliary
tools, in an image based tissue parameterization and quan-
tification.
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