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Purpose: The purpose of this ex vivo study is to exhibit the inflammatory changes that 
occur within the gingival tissue by using optical coherence tomography (OCT) in periodontal 
patients with non-alcoholic fatty liver disease (NAFLD) and if NAFLD could influence the 
local periodontal inflammation.
Patients and Methods: Gingival tissue samples obtained from patients were divided into three 
groups – P (periodontitis), NAFLD+P (NAFLD+periodontitis) and H (healthy) groups - and were 
scanned using an OCT light beam, in order to perform a qualitative and quantitative analysis of 
images. The value of average pixel density has been associated with the degree of inflammation.
Results: The highest average pixel density was found in patients from the H group, while 
the lowest value of average pixel density was recorded in gingival tissue samples collected 
from patients with NAFLD+P. The image assessments from NAFLD+P group delivered 
lower values of average pixel density than those of P group, suggesting a possible influence 
of this disease on the inflammatory tissular changes produced by periodontal disease.
Conclusion: After comparing the OCT analysis results obtained for the three groups of patients, 
we can consider that NAFLD may be an aggravating factor for the inflammation of periodontal 
disease.
Keywords: periodontitis, non-alcoholic fatty liver disease, optical coherence tomography

Introduction
Periodontitis is a multifactorial chronic infectious disease that targets the tissues support-
ing the teeth.1 It is caused by the accumulation and aggressiveness of oral pathogenic 
bacteria of the dental subgingival biofilm that determine a chronic inflammation of the 
supporting structures of the teeth.2 Periodontitis is characterized by pocket formation with 
clinical attachment loss of the junctional epithelium, and if left untreated, eventual tooth 
loss.1,2 Certain systemic conditions act as risk factors for periodontitis, including coronary 
heart disease, atherosclerosis, pregnancy outcomes, but other disorders, such as diabetes 
mellitus, have been shown to share a bidirectional influence with periodontal disease,2 

while the possible influence of non-alcoholic fatty liver disease (NAFLD) on periodontal 
inflammation is still quite little studied.3

NAFLD is a chronic and progressive liver disease, characterized by a high 
accumulation of lipids in the liver, affecting individuals regardless of alcohol 
consumption, obesity being considered an important risk factor.4 NAFLD can 
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also be correlated with high levels of glycated haemoglo-
bin-A1c (HbA1c) due to insulin resistance that charac-
terizes this disease, consequently leading to type 2 
diabetes,5 therefore recently researchers proposed to 
change the nomenclature from NAFLD to metabolic asso-
ciated fatty liver disease (MAFLD).6 Clinically, NAFLD is 
often asymptomatic and linked to the alteration of lipid 
and lipoprotein metabolism, insulin resistance, therefore 
being associated with the metabolic syndrome.5

NAFLD can be classified into simple steatosis, that pre-
sents no significant inflammation and fibrosis, and non- 
alcoholic steatohepatitis (NASH), characterized by steatosis 
with hepatic inflammation and, frequently, with progressive 
fibrosis, ultimately leading to liver cirrhosis.4,7 From an epide-
miological point of view, 30% of the population in the Western 
countries is affected by NAFLD.8 Non-alcoholic fatty liver 
disease can be marked by increased serum levels of LDL 
cholesterol, triglyceride and hepatic transaminases serum 
aspartate transaminase (AST) and serum alanine transaminase 
(ALT),9 and high-density lipoprotein HDL cholesterol 
levels,10 that represent risk factors for cardiovascular disease 
(CVD).11,12 In many cases the ALT levels can be normal,13 and 
LDL level slightly elevated, making these parameters, in some 
cases, not relevant. Therefore, ultrasonography is the most 
useful diagnostic tool that determines the presence of 
NAFLD in asymptomatic patients.8

Optical coherence tomography (OCT) is a non-invasive 
diagnostic technique that provides optical cross-sectional 
images of biological tissues,14 and detects mechanical inter-
faces, relying on the differences in light reflection.15 Optical 
coherence tomography (OCT), which was first introduced by 
Huang et al, is based on low coherence interferometry resulting 
into a two-dimensional image of the studied tissue sample.16 

Optical coherence tomography (OCT) has a penetration depth 
of 2–3 mm within the studied tissue, depending on the structure 
being penetrable by light.16

The need for non-invasive and more precise diagno-
sis tools determined researchers to consider OCT an 
innovative imaging method, being used for medical pur-
poses, such as ophthalmology,17 dermatology,18 

cardiology,19 gastroenterology.20 Compared to classical 
radiology, OCT has important benefits, being suitable 
for the analysis of both soft and hard tissues. Because 
it uses near-infrared light, it does not produce any radia-
tion that can be harmful to the patient, such as the case 
of cone beam computed tomography (CBCT).21

In dental medicine, OCT has proven valuable contribu-
tions, being used for experimental purposes in different dental 

specialities.22 OCT could have applications in prosthetic den-
tistry, were it could help the preparation process of abutment 
teeth, by improving dentine and enamel thickness 
assessment.23 In odontology, OCT analysis can be used for 
tooth crack’s detection and assessment of dental fillings’ mar-
ginal adaptation.24 The OCT can also be used for a better 
visualization of the endodontic area of the tooth and also for 
the detection of inter-dental carious lesions.25 In periodontol-
ogy, the most studies use OCT for the ex vivo examination of 
periodontium but, recent ones try to validate in vivo OCT. It 
was used to visualize the subgingival calculus and measure the 
depth of gingival sulcus or periodontal pockets or the evaluate 
the microvascularization in the inflamed gingival tissue. OCT 
has a strong potential to display and assess dental plaque and 
gingiva in a clinical setting. Technological challenges remain 
to perform systematic longitudinal tracking and comparative 
analyses.26–29

The purpose of this ex vivo study is to illustrate the 
changes that occur within the gingival tissue, by using 
OCT, allowing to determine the pixel density of the obtained 
cross-sectional images. Based on the hypothesis that a lower 
pixel density could be associated with a higher degree of 
inflammation,30 we aimed to highlight the possible influence 
that NAFLD could have on the local inflammatory gingival 
changes in patients who suffer from these two conditions.

Materials and Methods
Patient Selection
The subjects included in the study were selected from the 
patients who addressed the Periodontology and Oral Surgery 
Departments of the University of Medicine and Pharmacy of 
Craiova, Romania. For the study, the Ethics Committee 
approval of the University of Medicine and Pharmacy of 
Craiova was obtained, registered with code number 49/ 
20.04.2018, as well as the written consent from all the partici-
pating patients. All participants were informed about the pur-
pose of the study and that it was conducted in accordance with 
the Declaration of Helsinki.

The diagnosis of the patients who reported having 
NAFLD was confirmed in the Gastroenterology Clinic of 
the University of Medicine and Pharmacy of Craiova, 
Romania. Ultrasonography was required for all subjects 
included in the study.

All periodontal patients included in the study, had at least 
one tooth in the lateral premolar-molar area with a periodontal 
pocket > 5mm, thus offering the possibility of standardized 
gingival tissue sampling at this level, during routine 
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periodontal surgical therapy. They had been diagnosed with 
periodontitis31 in the Periodontology Department, followed by 
the initial periodontal therapy, and, after the reevaluation, they 
underwent the surgical periodontal phase. All patients were 
periodontal examined by the same specialized practitioner in 
order to eliminate the individual variability.

To conduct this study, a number of 38 patients were 
selected, aged 36–58 years, 16 males and 22 females, 24 of 
them had indication for periodontal surgical treatment, after 
undergoing periodontal initial instrumentation, from the 
Periodontology Department, divided into: group P=12 patients 
with periodontal disease, group P+NAFLD=12 patients with 
periodontal disease and non-alcoholic fatty liver disease, as test 
groups and 14 healthy patients without periodontal or systemic 
diseases who had performed extractions for orthodontic pur-
pose at the Oral Surgery Clinic as control group H (Table 1).

Gingival Tissue Sampling
The gingival tissue samples were collected from the gingival 
wall of the periodontal pocket, during periodontal surgery as 
part of the routine periodontal treatment after undergoing 
periodontal initial instrumentation, in order to eradicate the 
periodontal pockets detected at the reevaluation (pockets > 
5mm), performed on the patients from groups P and P 
+NAFLD that suffered from periodontal disease. In the control 
group the samples were collected from the marginal gingiva of 
the teeth having no periodontal modifications that underwent 
extraction for orthodontic purposes. The gingival samples 
were sectioned to a size of 3×3 mm, then placed in 10% 
formalin solution and refrigerated at 8°C, until the time of 
examination.

OCT Analysis
For image acquirement, an OCT OCS 1300SS device 
(Thorlabs, USA) was used, with set-up and characteristics 
previously described.30 The device provides in air axial resolu-
tions of 12 μm and lateral resolution of 15 μm. The OCT 
investigation of the periodontal tissue was conducted as 

previously described by the same researchers,27 by sampling 
512 sections, in the form of JPEG images. Images were 
scanned in the following size: 2 mm x 2 mm x 2 mm (length 
x width x depth) and (1024x512x512) pixels, and according to 
Fernandes et al were calibrated using a refractive index of 
1.41.32 All the other parameters of the OCT investigation 
were kept constant for each measurement. The analysis of 
these images was done by using an image processing software 
ImageJ free license by National Institute of Health, USA. For 
the pixel density analysis, five consecutive images were 
selected for each sample from the total of 512 images, includ-
ing the median image (256), two previous images (254, 255) 
and two subsequent ones (257, 258), and the density was 
analyzed from the point of view of both pixels numbers and 
gray-scale values.

A measuring segment as a linear shape was placed perpen-
dicular to the centre of each image, from the upper edge of the 
gingival epithelium and down to the lower edge of the con-
nective tissue, and thus it was possible to measure the intensity 
of the pixels on the gray-scale (Figure 1). The length of the 
measuring segment was set to 0.75 mm, in order to cover the 
vertical dimension of the assessed tissues of the gingival sam-
ple. For standardization reasons, the same segment length was 
applied on all images.

The use of the ImageJ program resulted in a range of 
values, representing the intensities in gray-scale of the 
pixels, which included both the number of pixels present 
in each analyzed area, as well as the length and area 
occupied by the measurement segment, which were then 
saved in Microsoft Excel format. The pixel density (D) for 
each image was calculated by the formula:

I x 100/255 = D (I–intensity in measured gray tones). 
For each study group, the average values were calculated.

The study also included a qualitative analysis of the 
generated OCT images, in order to detect changes in aspect 
or shape, that might have occurred within the gingival 
epithelium or underlying connective tissue. The qualitative 
observation was mainly focused along the epithelial- 

Table 1 Age and Gender of Patients in Each Group

Group Age Gender F/M (n) Statistical Significance (p < 0.05)

Average± SD

H 44.25± 6.18 9/5 b

P 45.75± 6.20 6/6 a

P + NAFLD 51.62± 5.29 7/5 a,b

Notes: n – number of patients, a - statistical significant difference of age between P + NAFLD and P groups, p < 0.05; b - statistical significant difference of age between P + 
NAFLD and H groups, p < 0.05.
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connective tissue junction and on the shape of the connective 
tissue cristas, projecting into the gingival epithelium.

Statistical Analysis
In order to compare the obtained data, the t-Student test 
was used for the three study groups, and the statistical 
significance threshold having set the value p ˂ 0.05. 
Statistical correlation test

Pearson was performed for the age and pixel density 
parameters of the study groups, due to the small number of 
patients included in the study, it was not possible to make 
correlations according to gender.

Results
From the analysis of the images using the ImageJ software, it 
was observed that the images in group H presented the highest 
average density value in pixels, followed by those in group 
P and then group P+NAFLD, thus registering a significant 
difference between the average values of the densities of pixels 

between the three groups (p <0.05), as well as between groups 
P and P+NAFLD (p <0.05) (Tables 1 and 2).

After the qualitative analysis of the images obtained by 
scanning the samples with the help of OCT, a good representa-
tion of the conjunctive digitations and an obvious demarcation 
area between the connective tissue and the gingival epithelium 
was revealed in the H group, whereas in those from groups 
P and P+NAFLD, a wiped aspect of the conjunctive digitations 
and a blurred boundary between the connective tissue and the 
gingival epithelium were observed (Figure 2).

Discussion
The mostly used tool that helps to diagnose and evaluate 
NAFLD is ultrasonography which is an efficient and non- 
invasive technique, having a high accuracy,33 the most used 
in this cases being the conventional B-mode 
ultrasonography.34 The ultrasound parameters aimed for 
NAFLD diagnosis include hepatomegaly, parenchymal bright-
ness, and deep beam attenuation and liver-to-kidney contrast 
bright vessel walls.35 In order to better diagnose NAFLD, 

Figure 1 OCT cross-sectional image sample with linear shape measuring segment.

Table 2 Average Pixel Density for Each Study Group

Group Age Pixel Density Statistical Significance (p < 0.05) Statistical Correlation r

Average ± SD Average ± SD

H 44.25± 6.18 72.71± 2.26 – –

P 45.75± 6.20 50.73± 3.22 a −0.52

P + NAFLD 51.62± 5.29 40.88 ± 1.3 b, c −0.83

Notes: a- statistical significant difference of pixel density between P and H groups, p < 0.05; b - statistical significant difference of pixel density between P + NAFLD and 
P groups, p < 0.05; c - statistical significant difference of pixel density between P + NAFLD and H groups, p < 0.05; r – Pearson’s r for statistical correlation between age and 
pixel density.
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J. Moon et al assessed the LDs dynamic and cellular- and 
subcellular-level accumulation in hepatocytes, associated 
with the progression of hepatic steatosis, in an in vivo study 
conducted on mice, by using fluorophore SF44 and a custom- 
built video-rate laser scanning con-focal intra-vital microscopy 
system.36

For the diagnosis of periodontal disease, the frequently 
used investigations are periodontal probing, for periodontal 
pocket depth and loss of clinical attachment level assessment, 
together with the radiological examination. Because it is a non- 
invasive method, the OCT analysis method could attract 
increasing interest for evaluating the depth of the periodontal 
pockets and the loss of clinical attachment level (CAL), by 
using the obtained axial resolutions.37 The data obtained with 
in vitro OCT analysis method, can represent a reference for 
future appliance of the in vivo technique. Xiang et al showed in 
a previous study that OCT is also used to determine calculus 
deposition, making it easier to remove it and improving the 
efficiency of the periodontal treatment.1 A recent study also 
determined that by making the OCT instruments more ergo-
nomic, the in vivo applicability of this technique could be 
improved,31 facilitating diagnose and determination of the 
progression of the periodontal disease.21 Due to the evolution 
achieved in the recent years by OCT, this method, by using 
photonics, may also be considered, a sixth generation period-
ontal probe.14

The ex vivo analysis of the gingival tissue, in order to 
determine its density with the help of OCT in the cases of 
periodontal inflammation and to highlight the changes pro-
duced at this level, by using the density analysis in pixels, 

has been performed in periodontal patients associated with 
other systemic diseases, such as diabetes mellitus and chronic 
hepatitis C.30 The lowest pixel density was recorded in patients 
with diabetes mellitus, followed by those in periodontal 
patients with hepatitis C. The results of our study delivered 
higher pixel densities in periodontal patients with NAFLD than 
in periodontal patients with diabetes mellitus or chronic hepa-
titis C from previous study, but lower values than in systemi-
cally healthy periodontal patients. This suggests that the local 
impact of NAFLD on periodontal inflammation is significant, 
but not as severe as that of diabetes mellitus or chronic hepa-
titis C30.

In the 1960s, Gargiulo et al determined the dimensions 
for the dentogingival interface, on autopsy subjects, using 
histological measurements for supracrestal connective tis-
sue, junctional and sulcular epithelium.38 More recently, 
Tristão et al obtained histological measurements for supra-
crestal gingival tissue by analyzing the gingival tissues 
collected after tooth extraction.39

Modern technological advancements have shown that 
OCT is a useful and non-invasive tool for the evaluation of 
oral epithelial thickness of multiple sites within the oral 
cavity, in in vivo and real-time settings.40 In order to 
achieve an increased accuracy of oral mucosal diagnosis 
different other techniques was proposed41 as for the gingi-
val tissue volume, Wang et al, analyzed the gingival aver-
age thickness using a 3D OCT image analysis and applied 
a semi-automated registration and segmentation method.42

During periodontal inflammation, histological changes 
can be observed within the gingival epithelium, such as the 

Figure 2 OCT cross-sectional image of gingival tissue from patient with periodontitis and NAFLD. Ulcerative lesions of the gingival epithelium (see arrows).

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14                                               https://doi.org/10.2147/DMSO.S310314                                                                                                                                                                                                                       

DovePress                                                                                                                       
2939

Dovepress                                                                                                                                                            Surlin et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


appearance of leukocyte infiltrate, inflammatory oedema, 
vacuolar degeneration with the formation of vesicles, lead-
ing to necrosis of the gingival epithelium and, finally, to 
ulceration at this level (Figure 2).43 This histopathological 
inflammatory changes lead to a decrease in tissue density, 
as shown by OCT assessment performed on gingival tissue 
samples originating from periodontal patients. This 
decrease in tissue density, as shown by OCT analysis, is 
more significant when the periodontal patients also suffer 
from systemic conditions such as diabetes mellitus.30 Our 
results are similar to this finding, suggesting an association 
between tissue pixel density and the degree of periodontal 
inflammation.

The connective tissue physically and nutritionally sup-
ports the epithelial tissues. The connective tissue papillae 
(rete pegs) allow optimal nutritional exchanges between 
them, although variations of the tissue morphology may 
exist, depending on the age and gender of individuals, and 
also depending on the region of the oral cavity.43 Rete 
pegs are mostly frequently found within the gingival 
epithelium and its connective tissue (119 ± 27 rete pegs 
per mms).44 The progression of periodontal inflammation 
within the depth of the marginal gingiva leads to the 
deletion of the epithelial-connective tissue delimitation, 
thus inflicting disruptions to the basal lamina.45,46 Our 
qualitative analysis of the OCT images revealed a wiped 
appearance of the connective digitations and a blurred 
boundary between the two types of tissue, which was 
mostly evident in NAFLD affected patients of the P 
+NAFLD group (Figure 2). To prevent OCT analysis out-
puts alterations, the collected samples of gingival tissue 
from the lateral molar-premolar area (to avoid significant 
variations in its thickness) were placed in formalin solu-
tion, being stored at +8OC.47

The images of the gingival samples, obtained by OCT 
analysis, revealed that the pixel density of the epithelium 
and the connective tissue was lower in group P samples as 
compared to those of group H. This fact can be explained 
by the existing chronic periodontal inflammation in the 
P group patients. In addition, it was observed that the 
samples originating from the group P+NAFLD patients 
expressed a lower pixel density than the ones of the 
P and H groups. The fact that the samples from the 
group P+NAFLD exhibited a lower average pixel density 
compared to those from group P can be interpreted that 
NAFLD could increase the local periodontal inflammatory 
reaction (Table 2).

Regarding the age implications, our results reveal that 
the age is higher in the P+NAFLD group and statistically 
significant different from H and P groups (Table 1), in line 
with other findings that show the prevalence of NAFLD is 
higher in the elderly.48

The strong and inverse correlation between the age and 
pixel density associated to the degree of inflammation in P 
+NAFLD patients, while in group P the correlation was 
moderate, suggests the involvement of NAFLD in exacer-
bating the local inflammatory reaction with increasing age.

No statistical analysis regarding the patients gender, 
was made in our study, due to the small number of 
patients. The findings obtained by other studies revealed 
that the prevalence of

NAFLD in women increases with age, but does not alter 
with age in men, aging being considered as a risk factor for 
NAFLD in premenopausal women, independent of weight 
gain or influence of metabolic syndrome, so female-sex 
being no longer protective with increasing age.48,49

However, the study was limited in the number of 
participating patients, the purpose was to draw attention 
to the possible influence of NAFLD on the periodontal 
inflammation. The data obtained motivated to expand the 
study on this subject in vue to understand the linking 
pathway,50 making possible not only the treatment but 
the prevention of periodontal clinical changes in patients 
suffering from both diseases, improving the quality of life 
of these patients.

Conclusion
Within the limitation of this study, given the small number of 
patients, analysing the images obtained by OCT technique, 
we could conclude that the non-alcoholic fatty liver disease 
may have a negative effect of aggravating the local period-
ontal inflammatory reaction in patients with periodontal dis-
ease, by increasing the inflammation of the gingival tissues.
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