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Medicine and

Research Article

SHEAR BOND STRENGTH OF DIFFERENT CALCIUM
SILICATE BASED CEMENTS TO COMPOSITE AND

COMPOMER

Fatih OZNURHAN '* and Fatma Kiibra ALTINAY 2
1 Department of Pediatric Dentistry, Faculty of Dentistry, Sivas Cumhuriyet University, Sivas/TURKIYE
2 Kiitahya Oral and Dental Health Training and Research Hospital, Kiitahya/TURKIYE
*Correspondence: fatihozn@hotmail.com

ABSTRACT

Objective: Shear bond strength (SBS) of different calcium silicate cements (CSC) with different adhesive
systems and restoratives was evaluated.,

Materials and methods: NeoMTA2, NeoPutty and TheraCalPT were used as CSC.120 acrylic blocks with a
hole in the middle were prepared and divided into three groups (n=40) depending on the CSC used. CSCs
were placed in the prepared cavities. All groups were divided into two subgroups and adhesives
(Prime&BondNT) and Universal adhesive (Scotchbond) were applied. Then, composite (n=10) and
compomer (n=10) were applied and polymerized. The prepared samples were kept at 370C in a 100% humid
environment for 24 hours and SBS tests was performed with an universal testing device. Fracture types were
evaluated with SEM and stereomicroscope.

Results: TheraCalPT had statistically significant increased SBS values when compared to other
materials(p<0.05). On the other hand, SBS values of NeoMTA and NeoPutty were insignificant(p>0.05). The
difference between the adhesive systems and the restorative materials themselves was not significant
(p>0.05).

Conclusion: The ease of use of TheraCal PT and its strong bonding ability with resin restorative materials
may provide support for the idea that it is suitable for pulp therapies. However, since in vitro environmental
conditions do not reflect intraoral conditions, it must be supported by clinical studies to understand the

actual performance and clinical usability.

Keywords: NeoMTA, NeoPutty, TheraCal PT, composite, compomer, shear bond strength
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INTRODUCTION

Vital pulp treatment aims to eliminate microbial irritation by placing a impermeable dental biomaterial
to protect the exposed dentin and pulp from external stimuli, through appropriate caries management, and
thus prevent any new bacterial damage that may occur. The material to be placed on the pulp must be a
biocompatible material that can maintain the vitality of the pulp, prevent bacterial leakage, be resistant to
forces during restoration placement and function, and ensure the formation of a dentin bridge. In this way, it
is aimed for the pulp to heal itself and maintain its vitality and function (1).

The search for an ideal pulp capping agent for vital pulp treatments has continued for many years, and
in this process, calcium hydroxide, dental bonding agents, formocresol, ferric sulfate, mineral trioxide
aggregate (MTA) and MTA-like biomaterials such as calcium silicate, calcium phosphate and calcium
aluminate-based cements have been suggested (2).

Calcium hydroxide (Ca(OH)2) has been the first preferred material in vital pulp treatment for many
years. The advantages of calcium hydroxide are its antibacterial properties, its effect on pulp healing and
repair, its stimulation of dentin formation, its ability to activate alkaline phosphatase by neutralizing acid
products, its low cost and ease of use (3). However, calcium hydroxide has some disadvantages such as high
solubility, water absorption and dissolution in the presence of moisture, low modulus of elasticity, low
compressive strength and low thermal conductivity, poor adhesion to dental structures, restorative materials
and dentin, superficial pulp necrosis, tunnel defects in the dentin bridge and degradation after acid etching.
Due to the inadequate physical properties of calcium hydroxides, it has brought about the need to investigate
new materials that have better sealing properties, are easier to use, and can stimulate the complete dentinal
bridge formation. For this reason, biomaterials have been developed as alternatives for direct pulp capping in
the last two decades (4).

Calcium silicate-based materials have been considered the most suitable material for pulp capping as a
surface-active hard tissue substitute due to its excellent bioactivity and biocompatibility. Calcium silicate-
based materials began their development with Portland cement (PC) in 1878, and their use became widespread

with the invention of MTA in the 1990s. Portland cement, which constitutes the main component of MTA,

338



A
L
N 4
B [
E L L
W w n

MEANDROS

MEDICAL AND DENTAL JOURNAL Meandros Medical and Dental Journal
December 2024 (4):337-350 doi: 10.69601/meandrosmdj. 1562662

contains tetracalcium aluminoferrite, dicalcium silicate, tricalcium aluminate, tricalcium silicate, and gypsum
and bismuth oxide as a radiopaque substance. MTA is accepted as the gold standard material in vital pulp
treatments due to its properties such as biocompatibility, bioactivity/biomineralization, low solubility and
desirable biological properties such as hydrophilicity. Its antibacterial activity thanks to its high pH value,
stimulation of reparative dentin formation, low solubility, high sealability, non-mutagenic, genotoxic,
carcinogenic, biocompatible and bioactive material have made MTA an attractive material. In addition to these
advantages, different MTA formulations have been developed due to the disadvantages of MT A such as long
hardening time, difficulty of use, coloration and high cost (5).

NeoMTA 2 (NuSmile Avalon Biomed, Bradenton, FL, USA) is a bioactive material that stimulates hard
tissue formation by releasing Ca+2 and OH- ions, like calcium hydroxide and other calcium silicate-containing
cements, and provides antibacterial activity at alkaline pH. It triggers the healing process by stimulating
hydroxyapatite in dentin (5, 6).

To reduce the effect of hand mixing on the setting reaction and to simplify clinical application, premixed
calcium silicate cements have been developed as an alternative to traditional powder-liquid cements.
Premixed tricalcium silicate and dicalcium-based NeoPUTTY is used as a retrograde filling material in vital
pulp procedures, apexification, root resorption and perforation repair (6). NeoPUTTY, which is easy to use
and has high bioactivity, is a resin-free bioceramic. The material stimulates the formation of hydroxyapatite
by releasing Ca+2 and OH- ions from the surface. It has an alkaline pH when applied, thus providing
antibacterial activity (7).

Because MTA and similar hydraulic calcium silicate-based materials exhibit a water-based chemical
structure and therefore create insufficient micromechanical adhesion to the overlying resin restoration, new
light-curing resin-modified tricalcium silicate materials are being formulated for pulp treatment procedures.
For this purpose, TheraCal PT (ThPT; Bisco Inc., Schaumburg, IL, USA), a new dual-cured resin modified
calcium silicate material designed for pulpotomy, has recently been introduced into clinical use with its

biocompatibility, radiopacity, ease of use and calcium release feature (8).
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Versatile universal adhesive (UA) systems introduced to the market are designed to provide bonding
to tooth structures with both etch-and-rinse (ER) and self-etch (SE) techniques.

Glass ionomer cements and resin modified glass ionomers are frequently used for permanent
restorations to be applied after vital pulp treatment, especially in pediatric dentistry, due to their chemical
adhesion to dental tissues, fluoride release properties and the fact that they do not require much sensitivity in
their application. However, in cases where chewing forces are intense or aesthetics are important, composite
and compomer resins are the first choice (9).

Our research; It aims to comparatively evaluate the shear bond strength (SBS) of three different calcium
silicate containing vital pulp treatment materials, with two different adhesive systems, to composite and
compomer restorative materials frequently used in the clinic.

The null hypotheses of this research are (a) the bond strength of TheraCal PT, a resin-containing material,
is significantly higher than the other two materials, (b) there is no significant difference in bond strength
between NeoMTA 2 and NeoPUTTY, (c) the bond strength of groups using the ER adhesive system is
significantly different from groups using the universal adhesive system, (d) there is no significant difference

between the bond strength of the materials to the composite and the bond strength to the compomer.

MATERIALS AND METHODS

Materials Used
In our research, 3 different biomaterials (Group 1: NeoMTA 2, Group 2: NeoPUTTY, Group 3: TheraCal PT),

2 different restorative materials (compomer and composite resin) and one self-etch and one universal adhesive

material were used.
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Table 1. Materials used in the study

Material Content Type /| Manufacturer
Application
Method
NeoMTA 2 Di and Tricalcium silicate / Tantalum oxide / tricalcium | Powder-liquid NuSmile, Houston,
aluminate gel TX, USA
NeoPutty Di and Tricalcium silicate / calcium aluminate / | Premixed paste NuSmile, Houston,
Tantalum oxide / Tricalcium aluminate / calcium TX, USA
sulfate / proprietary organic liquid and stabilizers
TheraCal PT Base: Silicate glass mixed cement / polyethylene glycol | Syringe Bisco Inc.,
/ dimethacrylate / BisGMA / barium zirconate Schaumburg, 1L,
Catalyst: Barium zirconate / ytterbium fluoride / USA
initiator
Prime&Bond NT | Di and Trimethacrylate Resins / PENTA /Bis-GMA/ | Etch&Rinse Dentsply, Caulk,
Nanofillers - Amorphous Silicon Dioxide /| Adhesive Germany
Photoinitiators / Stabilizer / Cetylamine Hydrofluoride
/ Acetone
Scotchbond 10-MDP monomer / dimethacrylate resins / HEMA / | Universal 3M ESPE Dental
Universal Methacrylate modified polyalkenoic acid copolymer / | Adhesive Products, St. Paul,
Filler / Ethanol, Water / Initiators / Silane MN, USA
Compoglass F | UDMA / Polyethylene glycoldimethacrylate / | Refill Ivoclar  Vivadent,
Compomer CADCADMA / Silanized mix oxide / Ytterbium | compomer/ gun | Schaan,
trifluoride / Ba-Al-Fluorosilicatecam / (silanized) | application Liechtenstein
Catalysts / Stabilizers / Pigments
3M ESPE Filtek | Bis-GMA, UDMA, Bis-EMA / PEGDMA / TEGDMA / | Nanohybrid 3M ESPE, St. Paul,
7550 composite | Zirconia and Silica fillers composite MN, USA

Preparation of Samples

For the SBS test, 120 acrylic blocks with cylindrical cavities (depth: 2 mm, diameter:4 mm) were
prepared. NeoMTA 2 was prepared according to the manufacturer's instructions and placed in the space in
the middle of the acrylic molds. NeoPUTTY was placed into the molds with appropriate hand tools. In order
for the hardening reaction to occur, the molds where these two materials were applied were covered with
moist cotton pellets. In accordance with the manufacturer's recommendations, it was kept at 37°C, 100%
humidity for 48 hours. TheraCal PT was applied to the molds and hardened by irradiation with the Elipar™
Deepcure-L Light Device for 20 seconds. Before the adhesive application, the biomaterials were left for at least
5 days without any force to complete their hardening.

Each biomaterial group was divided into 2 subgroups for adhesive application. After acid application,
Prime&Bond NT adhesive agent was applied to 20 of them according to the manufacturer's instructions. 3M
Scotchbond universal adhesive agent was applied and polymerized to the other 20 according to the

manufacturer's instructions.
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A cylindrical polyethylene mold (diameter: 2 mm, height:2 mm) was used to place the restorative
materials to be applied on the biomaterials. Each biomaterial sample was divided into 2 groups, with 10
samples in each group, according to the restorative material to be applied; Ivoclar Compoglass F compomer
was placed in one group and 3M Filtek Z550 composite was placed in the other group and polymerized by

irradiating with a LED light device for 20 seconds.

Evaluation of Shear Bond Strength

To measure SBS values, the samples were fixed on the universal testing device (LF Plus, LLOYD
Instruments, Amatek Inc, UK). An approach speed of 1 mm/min was applied and waited until rupture
occurred. Later; The test was stopped automatically and the results were calculated by the computer in
Newtons. The values obtained on the test device were converted to MPa after being saved to the computer.
After fracture, the fracture surfaces of all samples were examined with a stereomicroscope (SMZ 800, Nikon,
Tokio, Japan) under 25x magnification. After examination, the fracture types of the samples were determined
and recorded. Five of the broken samples from each biomaterial group were examined at various

magnifications on the Tescan Mira3 SEM device.

Statistical Evaluation

To analyze data SPS522.0 (SPSS, Inc., Chicago, IL, America) program was used. Since parametric test
assumptions could not be fulfilled in the evaluation of the data (Shapiro-Wilk Test), Kruskal-Wallis Test was
used when comparing measurements obtained from more than two independent groups. When the
significance decision was made as a result of the analysis, the Mann-Whitney U Test was used to indicate
which group the difference originated from, and the Mann-Whitney U Test was used when comparing the
measurements obtained from two independent groups. Our data were stated in the tables as arithmetic mean,

median, standard deviation, minimum value, maximum value, and the error level was taken as 0.05.

342



‘lllk Alllh
B A0 .. |
B [ | |
E L [ N |
W w n

MEANDROS

MEDICAL AND DENTAL JOURNAL
December 2024 (4):337-350

Meandros Medical and Dental Journal
doi: 10.69601/meandrosmdj.1562662

RESULTS

The mean SBS values of the groups are shown in Table 2. According to these results, TheraCal PT

showed significantly higher values than the NeoMTA 2 and NeoPUTTY groups (p<0.05). No statistically

significant difference was detected between NeoMTA 2 and NeoPutty groups (p>0.05).

Table 2. Mean and std. dev of shear bond strength of the groups without subdividing them

Groups MeanzStd. Deflection
Group 1 (NeoMTA2) 13.51+4.88
Group 2 (NeoPUTTY) 11.58+6.93
Group 3 (TheraCalPT)* 31.90+9.57%

Among all groups, the highest average SBS value was in the TheraCal PT-UA-compomer group (34.93
+ 8.53 MPa), and the lowest average SBS value was in the NeoPUTTY-UA-compomer group (8.00 + 6.30 MPa)
was observed (Table 3).

When all groups were compared in terms of bonding strength to the composite and compomer, the
difference between the groups was found to be insignificant (p>0.05). When all groups were compared in terms
of bond strength of UA and SE adhesive systems, the difference between the groups was found to be

insignificant (p>0.05) (Table 3).

Table 3. Mean and std. dev. values of shear bond strength for subgroups

MeanzStd. Dev
Groups
Composite | Compomer
ER | 14.59+4.75 | 15.16x3.93
NeoMTA2 UA | 1280+5.69 | 11.48+4.86
ER | 1292+7.03 | 13.63+6.25
NeoPUTTY | UA | 11.76 +7.68 | 8.00 +6.30
ER | 31.63+7.58* | 29.02+12.83*
TheraCalPT* | UA | 32.03+9.11* | 34.93 +8.53*

When the types of ruptures between the biomaterial and the restorative material were evaluated, it was

seen that all (100%) of the fractures were cohesive ruptures within the biomaterial. In the SEM analysis
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performed on randomly selected broken sample surfaces from biomaterial groups, only the material surface
could be examined because all the breaks were cohesive within the material. It was observed that TheraCal PT
(Figure 3) had a more homogeneous structure and its surface was more regular and less porous than the
surface of NeoPUTTY (Figure 2) and NeoMTA 2 (Figure 1). The structure of NeoMTA 2 was seen to be more

hollow and heterogeneous than NeoPUTTY.

x250 x3500

NeoMTA2

NeoPUTTY

Theracal PT|

Figure 1. SEM images of NeoMTA 2, NeoPUTTY and TheraCal PT (250x, 500x, 1000x, 5000x)

DISCUSSION

Vital pulp therapy (VPT) procedure is a treatment performed by removing carious and infected tissue
and placing a protective, healing, biocompatible and good covering material on the healthy and vital pulp.

For the success of the treatment, a permanent restoration must be placed immediately after the treatment to
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ensure and maintain good coverage. In addition, in reducing bacterial microleakage and in the long-term
success of vital pulp treatment, the bond strength between the pulp material and the restorative material must
be high (10).

Biomaterials containing calcium silicate have come to the fore with their advantages such as better
physical properties and higher clinical success, and with the discovery of MTA, their use for many treatments
and VPT has become widespread (11). The good covering ability of MTA, which is a biocompatible material
with its high impermeability, low solubility, high alkaline structure, antibacterial activity and dentinogenesis
properties, has a significant impact on the success of VPT. However, MTA has disadvantages such as long
hardening time, difficult manipulation, and high cost. In addition to these disadvantages, problems such as
being difficult to remove after hardening and the negative effect of etching on the bonding of MTA to increase
the adhesion of resin-containing filling materials have led to the development of different MTA formulations
(12).

NeoMTA 2, one of these developed materials, has a structure that is resistant to washing, unlike MTA,
it is more radiopaque and contains tantalum oxide instead of bismuth oxide for radiopacity. The fine particle
structure of the powder and the gel form of the liquid facilitate the manipulation of the material and provide
comfortable working (13).

Pre-prepared calcium silicate cements have been developed as an alternative to traditional powder
liquid cements in order to eliminate the mixing process of powder liquid materials, reduce their effect on the
hardening reaction, facilitate their use and provide a homogeneous structure (14). Since NeoPUTTY, a
premixed cement, is formulated with an organic liquid that does not contain water, its manufacturer reports
that it is minimally affected by air humidity and has a longer shelf life than its counterparts (15). NeoPUTTY,
which has a non-sticky, firm consistency, is resistant to washing, which creates an advantage in that there is
no problem in contact with water after it is applied to the cavity (16).

Resin modified calcium silicate cements have been developed to eliminate the disadvantages of MTA
and similar hydraulic cements, such as their inability to provide adequate adhesion with the placed resin

restoration and the delay of the permanent restoration to complete the hardening of some MTA derivatives.
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TheraCal PT, which the manufacturer statesthat it is designed for pulpotomy, is a resin-modified calcium
silicate material and thanks to its dual cure nature, it prevents the problem of insufficient polymerization due
to application thickness. The fact that this material contains resin provides better adhesion with resin
restorations and has a positive effect on sealing (8).

The long-term success of VPT depends on many features of pulp capping agents, as well as providing
good sealing, strong adhesion with the permanent restoration, and thus high sealing. This adhesion strength
is routinely determined by shear bond tests (12).

When the literature information on the SBS of calcium silicate-based biomaterials was examined, it was
seen that there were few studies (15, 17) on TheraCal PT, NeoMTA 2, NeoPUTTY. In our study, TheraCal PT
showed high bond strength in both adhesive systems and restorative materials. NeoPUTTY exhibited the
lowest average shear bond value in all groups.

Yavuz et al. (17) evaluated the SBS of three different calcium silicate cements (TheraCal PT, NeoPUTTY,
Biodentine) with three different universal adhesive systems and reported that TheraCal PT showed the highest
values and NeoPUTTY showed the lowest values. Ozata et al. (15) in their study with TheraCal LC, NeoMTA
2 and NeoPUTTY; They reported the average bond strengths as TheraCal LC (23.32 Mpa), NeoMTA 2 (12.17
Mpa) and NeoPUTTY (11.37 Mpa), respectively. Ipek et al. (18) evaluated the bond strength of Biodentine,
MTA Repair HP and NeoPUTTY to root dentin and stated that NeoPUTTY showed low bond values. Ipek et
al. 19), in another study, evaluated the bond strength of NeoPUTTY, Biodentine and MTA Cem LC to two
different bulk fill composites with and without fiber content and reported that NeoPUTTY showed the lowest
bond values in both composite groups. Alqahtani et al. (20) evaluated the immediate and delayed (7 days)
bonding of 4 different biomaterials (NeoPUTTY, NeoMTA 2, TotalFill BC RRM™ and ProRoot MTA) to resin-
modified glass ionomer cement and flowable composite. They reported that ProRoot MTA (14.65 MPa)
showed the highest average bond strength in delayed bonding in flowable composite groups, and NeoPUTTY
(8.03 MPa) showed the lowest average bond strength. Sismanoglu et al. (21) in their study investigating the
bond strength of five calcium silicate cements (MTA Angelus, Biodentine, NeoMTA, TheraCal LC, Well Root

ST) to the composite with ER and SE adhesive systems, reported that the highest bond strength values
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belonged to TheraCal LC, which is a resin-containing material. Akbiyik et al. (22) reported that resin-
containing coating agents (Calcimol LC, ApaCal ART, TheraCal LC) showed higher bond strength than others
in the shear bond test they conducted with different pulp capping materials (TheraCal LC, Dycal, ProRoot
MTA, Calcimol LC, Biodentine, ApaCal ART) and different adhesive systems. It was found that the resin-
containing biomaterials exhibited the highest bond strengths in these studies and that TheraCal PT, a resin-
containing dual cure material, showed the highest bond strengths in our study. Thus, our first hypothesis
regarding TheraCal PT was accepted. The success of TheraCal PT in the SBS test is thought to be due to the
resin monomer in its forming a strong adhesion by establishing a chemical bond with the adhesive resin (17).

When the bond strength studies in the literature about the NeoPUTTY group, which showed the lowest
SBS values in our research, were examined, it was reported that the NeoPUTTY material showed low bond
strength, consistent with our study (17-19). When applied clinically, NeoPUTTY is a material that hardens by
absorbing moisture and water from the dentinal tubules and surrounding tissues. The low binding values of
NeoPUTTY in in vitro studies can be considered as the inability to achieve ideal hardening because it cannot
find sufficient moisture and water when placed in acrylic molds (17). Further in vitro and in vivo studies are
necessary which tests the binding success of NeoPUTTY.

When studies evaluating the bonding of biomaterials with adhesive systems were examined, different
results were found. While there are studies reporting that MTA shows more successful results with ER
adhesive systems (23-25), there are also studies reporting that the etching process weakens the physical
properties of MTA and reduces its bonding strength (26-28). In our research, the bond strength averages of
NeoMTA 2 and NeoPUTTY's ER adhesive applied samples were higher than the bond strength averages of
UA applied samples; It was observed that the average of UA values of TheraCal PT groups was higher than
the average of ER adhesive values.

There are a few studies comparing the bond strength of calcium silicate-containing materials to
compomer and composite (25, 29, 30). Keles et al. (29) reported in their study that composite resin showed
significantly higher bond strength than compomer, while Tung et al. (25) and Tulumbaci et al. (30) ) reported

that there was no significant difference between the two restorative materials in their studies. In our study,
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when composite resin and compomer were compared in all NeoMTA 2, NeoPUTTY and TheraCal PT groups,
no statistically significant difference was seen between the two restorative materials (p>0.05). Therefore, our
hypothesis regarding composite and component materials was accepted.

In our research, cohesive type rupture was observed in the biomaterial in all materials. For this reason,
when classifying our rupture types, we classified them as deep cohesive rupture and superficial cohesive
rupture. We think that another reason for the cohesive rupture in this biomaterial is the non-homogeneous
stress distribution. The majority of the ruptures observed in the NeoPUTTY material were observed as
superficial cohesive ruptures. We attribute the cause of superficial cohesive ruptures to the low bonding values
of the material itself and the inability to complete the hardening reaction. In addition, the fact that NeoMTA 2
and NeoPUTTY materials exhibit lower values and more superficial ruptures compared to TheraCal PT may
be due to the fact that MTA is water-based and has a particulate, granular and brittle structure. We think that
the reason why deep cohesive breaks are mostly observed in TheraCal PT samples and SBS values are higher
than previous studies may be due to the difference in surface preparation and environmental conditions. Deep
breaks suggest that the bonds within the material are also strong.

When the SEM images were examined, it was seen that the surfaces of TheraCal PT and NeoPUTTY
were more regular and homogeneous than the surface of NeoMTA 2. It is thought that this is because manual
mixing cannot provide sufficient homogeneous mixing.

One of the limitation of this study is that in vitro environmental conditions do not reflect intraoral
conditions and in vivo studies are necessary to see these effects on bonding strength values. Another limitation
of this study was that one of the tested material “TheraCal PT” is a light cured material, but there is no other

material that can be light cured in order to compare as calcium silicate based material.

CONCLUSION

According to the findings of our research, it is thought that TheraCal PT, a resin-containing material,
can prevent treatment failure due to microleakage thanks to its high bond strength to resin restorations, and

its use can be recommended. However, since our study only tests the mechanical and physical properties of
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the material, more biological and histological in vitro and in vivo studies are needed for this material to be
placed on the pulp. Although the average SBS values of NeoPUTTY and NeoMTA 2 materials are below the
clinically accepted SBS value of 17-20 MPa (31, 32), since in vitro environmental conditions do not reflect
intraoral conditions, they need to be supported by in vivo studies to understand the real performance and

clinical usability of the materials.
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ABSTRACT

Objective: Cell-free DNAs (cf-DNAs) are released into the bloodstream through cell apoptosis, necrosis, or
active secretion, often originating from cancer cells. These cf-DNAs have been associated with cancer
development and metastasis, although their precise role remains under debate. DNase I, an enzyme that
degrades extracellular DNA, has shown potential to impact cf-DNAs and influence cancer progression. This
study investigates the effects of ovarian cancer cells on the proliferation and viability of non-tumorigenic
breast cells, with a focus on DNase I's role.

Materials and Methods: Human ovarian cancer cells (OVCAR-3) and normal human breast cells (MCF-
10A) were cultured under standard conditions (37°C, 5% CO,). Co-culture experiments were conducted by
incubating cells separately in plates and inserts, with or without DNase I, for 72 hours. Cell viability was
assessed using the trypan blue exclusion test, while proliferation and adhesion were measured with an XTT
assay.

Results: DNase I significantly reduced OVCAR-3 proliferation (p<0.001) and adhesion (p<0.01) without
affecting MCF-10A cells. DNase I also decreased OVCAR-3 cell viability but did not significantly impact
MCF-10A viability. Genetic analysis identified p53 exon 7 mutations and methylation of APC1A, APC1B,
and RASSF1A genes in OVCAR-3 cells, which were unaffected by DNase I. No mutations or methylation
were detected in MCF-10A cells.

Conclusion: The results suggest that the impact of DNase I on the proliferation and viability of cancer cells
is significant and warrants further investigation. The potential effects of prolonged exposure between

different cell types could yield even more compelling findings.

Keywords: cf-DNA, OVCAR-3, MCF-10A, Cancer, DNase I
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INTRODUCTION

DNA fragments, known as cell-free DNAs (cf-DNAs), can be released into the bloodstream through
processes such as apoptosis, cell death, or active secretion by living cells, including those from cancerous
tumors. Research has suggested that cf-DNAs shed by tumor cells into the bloodstream may contribute to
cancer spread(1). It has long been recognized that cancer cells can disseminate throughout the body via
metastatic processes. Free DNAs, discovered in 1948, have been shown in various in vivo studies to integrate
into the genome of certain cells through horizontal gene transfer (2-4). Data from 1982 suggested that dominant
oncogenes found in tumor cells could be transferred to normal cells (5). This led to the hypothesis that "cancer
metastasis might occur through the transfection of cell-free DNAs containing dominant genes from the
primary tumor into susceptible cells in the target organ"(3). The finding that cell-free DNAs can reflect the
invasive and prognostic characteristics of the original cancer spurred laboratory research into their clinical
potential. Studies have shown that DNA fragment levels, which are usually low, increase as malignancy
progresses(5). These observations underscore the role of cell-free DNA in cancer development and metastasis.
Research focusing on the relationship between tumor-specific DNA changes in primary tumors and blood
samples has emphasized alterations in methylation, microsatellites, oncogenes, and tumor suppressor
genes(6-8) .

Point mutations or changes in chromosomal integrity within various genomic regions of tumor cells can
influence oncogenes, tumor suppressor genes, and genes related to metastasis, such as HIF-1 (Hypoxia-
Inducible Factor-1) (9). It is reported that over 50% of human cancers carry gene mutations (10). Mutations in
exons 5-8 of the p53 gene are commonly found in primary tumors and are frequently detected in plasma as
well (2). Mutant p53 plays a crucial role in the development of metastasis by either blocking or activating
downstream target genes, leading to DNA damage and the activation of multiple oncogenes. For example,
OVCAR-3 cells exhibit a specific mutation (743G>A) in exon 7 of the p53 gene (11, 12).

Mutations in cancer-related genes are typically not due to regulatory abnormalities alone. Metastasis is
also facilitated by epigenetic modifications, such as chromatin remodeling in CpG islands and gene silencing

errors related to hyper-methylation (13). DNA methylation-induced gene silencing leads to gene inactivation
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at the transcriptional level (14, 15). While CpG islands in the promoter regions of approximately 50% of genes
remain unmethylated in normal cells, CpG dinucleotides in repetitive sequences are methylated. In cancer
cells, widespread hypo-methylation across the genome is often observed, along with hyper-methylation of
CpG islands in promoter regions, resulting in gene silencing crucial for the inactivation of tumor suppressor
genes (16). The inactivation of these genes, such as the RASSF1A gene, is vital for cancer progression. One
significant epigenetic mechanism implicated in the development of ovarian cancer is the methylation of tumor
suppressor genes. Research has shown that patients with primary or metastatic breast cancer exhibit RASSF1A
methylation in their plasma and serum (16).

In normal cells, CpG islands in the promoter regions of about half of all genes remain unmethylated,
while CpG dinucleotides in repetitive sequences are methylated. Cancer cells frequently display widespread
genome-wide hypo-methylation along with hyper-methylation of CpG islands in promoter regions, leading
to gene silencing and the inactivation of tumor suppressor genes, which is crucial for cancer development (16).
The inactivation of tumor suppressor genes like RASSF1A is essential for cancer progression. Epigenetic
mechanisms, such as RASSF1A methylation, have been identified in the plasma and serum of patients with
primary or metastatic breast cancer, underscoring their role in cancer development.

Studies have indicated that promoter hyper-methylation and the reduced expression of the tumor
suppressor gene adenomatous polyposis coli (APC) play significant roles in cancer development. The
association between ovarian cancer and APC promoter hyper-methylation has been well-established. Research
has shown that APC promoter hyper-methylation is more prevalent in ovarian cancer patients than in healthy
and benign controls, suggesting that this could increase the risk of developing ovarian cancer (17). It has been
proposed that RASSF1A and APC genes could serve as epidemiological biomarkers in individuals at risk for
breast cancer due to the high incidence of promoter hyper-methylation in cancers (18).

DNase I, a member of the endonuclease enzyme class, breaks down phosphodiester bonds between
sxrch has shown that metastases can form due to the leakage of free DNA from tumor cells into the circulation.
Numerous studies have investigated the role of DNase I in metastasis formation. This study aimed to

determine whether certain genes and structural features of OVCAR-3 tumor cells can be transferred to healthy
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MCE-10A cells via free DNA. Additionally, the differences between the presence and absence of DNase I in

these two cell types (cancerous and non-cancerous) were explored for the first time in the literature.

MATERIALS AND METHODS

Cell Culture

The human ovarian cancer cell line OVCAR-3 (ATCC, HTB-16, Washington D.C., USA) was cultured in
25 cm? and 75 cm? flasks (Thermo Fisher Scientific, USA) using RPMI-1640 medium (ATCC, Washington, USA)
supplemented with 20% FBS (Gibco, UK) and 0.01 mg/ml bovine insulin (Sigma, USA), and maintained in a
humidified incubator at 37°C with 5% CO2 (Sanyo, Japan). The human normal breast cell line MCF-10A
(ATCC, CRL-10317, Washington D.C., USA) was cultured in Dulbecco's Modified Eagle's Medium (DMEM,;
Gibco, UK), which was supplemented with 10% Fetal Bovine Serum (Gibco, UK) and 2 mM L-Glutamine, in
25 ¢cm? and 75 cm? flasks (Thermo Fisher Scientific, USA). These cells were incubated under the same

conditions at 37°C with 5% CO: (Sanyo, Japan).

Table 1. Experimental Groups

Group no Groups

1 OVCAR-3
OVCAR-3 DNase I
MCF10A
MCF10A DNase I
Co-culture OVCAR-3
Co-culture MCF10A
Co-culture OVCAR-3 DNse I
Co-culture MCF10A DNase I

|| |G [W(N

DNase I Treatment
A DNase I stock solution (10 mg/ml) was prepared by dissolving 10 mg of powdered DNase I (Sigma-

Aldrich, Germany) in 1 ml of the appropriate medium. Cells were then treated with DNase I at a final
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concentration of 0.1 mg/ml for 72 hours. For co-culture experiments, sterile inserts (Thermo Scientific, USA)

with a 6.5 mm diameter and a pore size of 0.4 um were placed in a 24-well plate.

Proliferation Assay

Cell proliferation was assessed using the XTT assay (Biological Industries, Israel). A 5 ml reaction
solution, containing 100 ul of activation solution, was prepared, and 50 pl of this mixture was added to each
well containing the cell samples. After a 2-hour incubation at 37°C, absorbance was measured at 450 nm using
a Multiskan GO spectrophotometer (Thermo Scientific, USA). The proliferation rates were determined using

raw data and standard curves. Each experiment was conducted at least three times for consistency.

Adhesion Assay

The cells were detached from the flask surface using trypsin, counted, and 7x103 cells were transferred
to 7 separate wells of 96-well plates for each group. The cells were incubated for 24 hours to allow adhesion to
the flask surface. After performing the appropriate procedures for each group in the wells designated for
adhesion, the cells were washed three times with PBS, and 100 pl of fresh medium was added. Then, the XTT
assay was applied. The adhesion of the cells was determined by substituting the results into the formula.[1-

(absorbance of unwashed well- absorbance of washed well)]/absorbance of unwashed well)]

Cell Viability Assay

Cell viability was assessed using the trypan blue exclusion method. After trypsinization, a portion of
the cell suspension was mixed with 10 pl of trypan blue dye (Biological Industries, Israel), placed on slides,
and analyzed using a cell counter (JuLI™ Br, Nanoentek Inc., Seoul, Korea), with results expressed as the

percentage of viable cells.

DNA Extraction
DNA extraction was performed using the Direct PCR kit (Thermo Fisher Scientific, USA), following the

manufacturer’s instructions. Dilution buffer and DNA release solution were added to the cells and media,
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followed by vortexing. The mixture was incubated at room temperature for 5 minutes, then heated to 98°C. A
PCR mixture was prepared using the supernatant, and DNA concentrations were measured with a Multiskan

GO spectrophotometer (Thermo Scientific, USA). Samples were stored at -20°C until further analysis.

Primer Design and PCR Protocols

APCI1A and APC1B Methylation Analysis: Methylated and unmethylated primers were designed for the
APC1A and APCIB gene regions. The forward primer sequences for APCIA were
5-TATTGCGGAGTGCGGGTC-3’ (methylated) and 5-GTGTTTTATTGTGGAGTGTGGGTT-3’
(unmethylated), while the reverse primer sequences were 5-TCGACGAACTCCCGACGA-3’ (methylated)
and 5-CCAATCAACAAACTCCCAACAA-3 (unmethylated). For APC1B, the forward primer sequences
were 5-TAGAATAGCGAACGAGTGTTC-3' (methylated) and 5-GATAGAATAGTGAATGAGTGTTT-3'
(unmethylated), and the reverse primer sequences were 5-TCCGACGACCACACCCCG-3’ (methylated) and
5-CTTCCAACAACCACACCCCA-3 (unmethylated). A 25 pl reaction mixture was prepared using 12.5 ul of
One Taq Quick-Load 2x Master Mix (BioLabs, UK), 2 ul of forward primer, 2 pl of reverse primer, 2 pl of
bisulfite-converted DNA, and dH2O to reach the final volume. The PCR conditions included an initial
denaturation at 95°C for 15 minutes, followed by 35 cycles of denaturation at 95°C for 15 seconds, annealing
at 60°C for 45 seconds, and extension at 72°C for 30 seconds. A final extension step was performed at 72°C for
10 minutes.

RASSF1A Methylation Analysis: For the RASSF1A gene, methylated and unmethylated primers were
designed. The forward primer sequences were 5'-CGAGAGCGCGTTTAGTTTCGTT-3" (methylated) and
5-GGGGGTTTTGTGAGAGTGTGTTT-3" (unmethylated), while the reverse primer sequences were
5-CGATTAAACCCGTACTTCGCTAA-3" (methylated) and 5-CCCAATTAAACCCATACTTCACTAA-3
(unmethylated). The PCR reaction setup and cycling conditions were identical to those used for APC1A and
APC1B analysis. PCR products were separated on a 2% agarose gel at 120V for 30 minutes and visualized

using a SynGene UV imaging system.
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p53 Exon 7 Mutation Analysis: Primers targeting p53 exon 7 were used, with the forward primer
sequence  5-TCCTAGGTTGGCTCTGACTGT-3* and the reverse  primer sequence  5'-
AGTGGCCCTGACCTGGAGTCT-3". The reaction mixture consisted of 12.5 pl of One Taq Quick-Load 2x
Master Mix, 2 pl of forward primer, 2 pl of reverse primer, 2 pl of the DNA sample, and dH20 to complete a
25 ul volume. The PCR protocol included an initial denaturation at 95°C for 5 minutes, followed by 40 cycles
of denaturation at 94°C for 1 minute, annealing at 62°C for 1 minute, and extension at 72°C for 1 minute. A
final extension step was performed at 72°C for 10 minutes. After PCR amplification, samples were mixed with
95% formamide, heated at 80°C for 10 minutes, and chilled on ice. A 30% polyacrylamide gel electrophoresis

was performed at 120V for 4 hours at 4°C, and the bands were visualized using a silver staining method.

Statistical Analysis

The normality of the quantitative data was evaluated using the Shapiro-Wilk test. For groups that
exhibited a normal distribution, one-way analysis of variance (ANOVA) was used, followed by Tukey HSD
test for multiple comparisons. Statistical significance was determined for p-values less than 0.05. The results
were reported as mean + standard deviation in tables and graphs. All statistical analyses were performed using

IBM SPSS Statistics 21.0 software.

RESULTS

Proliferation Analysis

A statistical difference was observed between the groups (p<0.001). DNase I significantly reduces the
proliferation of OVCAR-3. The untreated OVCAR-3 cells had a proliferation rate of (32,581 + 4,784), while
DNase I-treated OVCAR-3 cells (OVCAR-3 DNase I) showed a reduced proliferation rate of (22,714 + 4,059)
(p<0.05). This demonstrates that DNase I effectively decreases cancer cell proliferation. In contrast, the MCE-
10A cells (non-cancerous breast cells) showed minimal impact from DNase I, with MCF10A having a

proliferation rate of (31,445 + 3,469) and MCF10A DNase I exhibiting (32,909 + 3,969) (p>0.05). (Table 2).
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Table 2.Determination of Proliferation in Cells

Groups| Mean # standard deviation p value Clovrlr?;ziﬂlsin
1 32581 + 4784
2 22714 + 4059
3 31445 + 3469
4 32909 + 3969 <0001 2:2 gzggi
5 27090 + 5199
6 26571 £ 6618
7 26895 + 5736
8 35152 + 4499
Adhesion Analysis

A statistically significant difference was observed between the groups (p<0.01). DNase I had a strong
effect on the adhesion of OVCAR-3 cells. Untreated OVCAR-3 cells had an adhesion value of (69,126 + 8,500),
while DNase I-treated OVCAR-3 cells (OVCAR-3 DNase I) showed a significantly lower adhesion value of

(47,925 + 10,028) (p<0.01) (Table 3).

Table 3.Determination of Adhesion in Cells

Groups | Mean * standard deviation | p value Multiple Comparison
1 69126+8500
2 47925+10028
3 63291+3584
4 5713246195
p<0.01 1-2: p<0.01
5 60443+6556
6 65229+6443
7 56471+10549
8 63639+4683

Cell Viability

Cell viability analysis shows that DNase I selectively impacts cancer cells. Untreated OVCAR-3 cells

had a viability rate of 87.2%, which significantly dropped to 68.1% after DNase I treatment. In contrast, MCF-
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10A cells (non-cancerous breast cells) remained largely unaffected by DNase I, with untreated cells showing
81.3% viability and DNase I-treated cells at 77.5%. This indicates that DNase I effectively targets cancer cells

while preserving the viability of non-cancerous cells (Table 4).

Table 4.Determination of Viability in Cells

Groups Viability %
1 % 87,2
2 % 68,1
3 % 81,3
4 % 77,5
5 % 80,4
6 %83,3
7 %71,6
8 %82,2

Gene Mutation and Methylation Analysis

Gene mutation analysis showed that p53 exon 7 mutations were present in OVCAR-3 cells, confirming
their cancerous nature, while no mutations were found in MCF-10A cells. Additionally, APC1A, APC1B, and
RASSF1A gene methylation was detected in both untreated and DNase I-treated OVCAR-3 cells, indicating
DNase I may degrade hyper-methylated cfDNA in cancer cells. In contrast, no methylation was observed in
MCE-10A cells, showing that DNase I selectively affects cancer cells without impacting non-cancerous cells

(Table 5).
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Table 5. Gene Mutation and Methylation Analysis

Condition p53 APC1A APC1A APC1B APC1B RASSF1A RASSF1A
Exon 7 | Methylated | Unmethylated | Methylated | Unmethylated | Methylated | Unmethylated

+ + - + - + -

OVCAR-3
Untreated
OVCAR-3 + +
DNase 1
Treated
MCEF-10A
Untreated
MCEF-10A
DNase I
Treated
Co-culture " +
OVCAR-3
Untreated
Co-culture " + . +
OVCAR-3
DNase I
Treated
Co-culture
MCF-10A
Untreated
Co-culture
MCEF-10A
DNase I
Treated

DISCUSSION

Molecular diagnostic markers have become indispensable tools for detecting cancer metastasis and
tumor formation, significantly contributing to personalized cancer treatments. These markers provide detailed
insights into the tumor's genetic profile, essential for selecting appropriate therapies such as chemotherapy or
surgery. Circulating free DNA (cfDNA) is a promising non-invasive biomarker that reflects cancer's invasive
and prognostic characteristics. Studies have emphasized its importance in understanding cancer progression
and metastasis, highlighting its potential in clinical research and tailored treatment approaches (20-23).

cfDNA is released from tumor cells primarily through apoptosis and necrosis, carrying mutations and
epigenetic modifications that may drive metastasis. A pivotal study using a rat model of colon cancer
demonstrated that oncogenic material from tumor cells could be transferred to normal cells, contributing to
metastatic processes. The transfer of the CAT marker gene to lung tissues after injecting plasma from cancer-

bearing rats was one of the first experimental validations of cfDNA-mediated metastasis, often referred to as
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"genometastasis" (2, 4). These findings have been supported by more recent studies, confirming that cfDNA
can promote the dissemination of oncogenic DNA, leading to cancer spread in distant organs (20, 22).

DNase I, an enzyme traditionally associated with nucleic acid metabolism, has gained attention for its
potential therapeutic role in cancer treatment due to its ability to degrade cfDNA. Early studies presented
conflicting evidence regarding its effectiveness, but recent research confirms DNase I's capacity to reduce
cancer progression by breaking down hyper-methylated cfDNA, a feature of cancer cells. This enzymatic
degradation prevents the transfer of oncogenic material to healthy cells, limiting metastasis. Our study focused
on the selective targeting of hyper-methylated cfDNA fragments by DNase I, revealing its potential as a cancer
treatment tool (24). The enzyme's ability to degrade cfDNA makes it a promising candidate for future cancer
therapies aimed at reducing tumor metastasis (25).

DNA methylation is a key epigenetic process involved in cancer development, as it often silences tumor
suppressor genes. CpG dinucleotides, which constitute over 70% of vertebrate DNA, are frequently
methylated in cancer cells, leading to the inactivation of critical genes such as APC and RASSF1A (26). These
genes play essential roles in controlling cell proliferation and apoptosis, and their silencing contributes
significantly to cancer progression (27). DNase I's ability to degrade hyper-methylated cfDNA fragments
suggests it may reverse gene silencing, reactivating tumor suppressor genes and inhibiting tumor growth (25).
This therapeutic potential offers a promising avenue for epigenetic cancer therapies, particularly when
combined with other targeted treatments.

One key finding in DNase I research is its selective action on cancer cells. Previous studies demonstrated
that DNase I effectively reduced the viability of MDA-MB-231 breast cancer cells without harming healthy
bone cells. This specificity is linked to the hyper-methylation of APC1A, APC1B, and RASSF1A genes in cancer
cells, while healthy cells remain unaffected (28). Our study expanded on this, showing that DNase I's
effectiveness may vary depending on the cellular environment. For example, no significant differences in gene
methylation were observed between MCF-10A and OVCAR-3, suggesting that the enzyme’s activity may be

cell-type specific. These findings indicate DNase I could be developed as a targeted therapy for specific cancer

types.
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Despite DNase I's promising results in degrading cfDNA and selectively targeting cancer cells, further
research is needed to fully understand its potential as a cancer therapy. In particular, studies should explore
its long-term effects, especially when combined with other epigenetic therapies, to determine its efficacy across
different cancer types and genetic profiles (24). Additionally, interactions between cancer and healthy cells,
particularly how cancer cells influence normal cell proliferation and viability, remain critical areas for future
research (26). DNase I's ability to reverse gene silencing by degrading hyper-methylated c¢fDNA fragments
could pave the way for novel cancer treatments, but more comprehensive studies are required to confirm these

findings.

CONCLUSION

In conclusion, molecular diagnostic markers like cfDNA have proven essential in understanding cancer
metastasis and guiding personalized treatment plans. DNase I has emerged as a promising therapeutic tool
for targeting hyper-methylated cfDNA, potentially reactivating silenced tumor suppressor genes and
inhibiting cancer progression. While further research is required to validate DNase I's long-term efficacy, its

selective action on cancer cells offers hope for developing more effective cancer therapies in the future.
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ABSTRACT
Objective: This study examines the association between traditional inflammatory biomarkers, soluble
urokinase plasminogen activator receptor (suPAR) levels in elderly and young myocardial infarction
patients, and coronary artery disease severity.
Materials and Methods: In this study, 332 participants, including 227 acute myocardial infarction (AMI)
patients and 107 controls, underwent evaluation through Syntax Score analysis, suPAR, and high-
sensitivity C-reactive protein (hs-CRP) level assessments. AMI patients were divided into young and
elderly groups based on age. Syntax Score was utilized to ascertain the severity of coronary artery disease.
Results: suPAR plasma concentrations were significantly higher in AMI patients compared to controls, with
values of 2.76 (2.32-3.56) in the young MI group and 3.33 (2.43-4.41) in the elderly MI group, versus 2.33
(1.94-3.11) in the control group (p<0.001). Additionally, hs-CRP levels were notably elevated in the elderly
MI groups (p<0.001). The ROC analysis identified threshold values for suPAR at 3.10 pg/mL and hs-CRP at
6.5 mg/dL to predict a Syntax Score of 23 or higher, with suPAR showing 74.7% sensitivity, 69.9% specificity,
and an area under the curve (AUC) of 0.811 (p<0.001). The sensitivity of hs-CRP was 65.8%, the specificity
was 60.2%, and the AUC was 0.700 (p<0.001).
Conclusion: Our study reveals a pivotal relationship between inflammatory markers, particularly suPAR,
and Syntax Score in MI patients, suggesting its potential in refining cardiovascular risk assessment and
informing future diagnostic and therapeutic approaches for coronary artery disease management.

Keywords: suPAR, hs-CRP, Young myocardial infarction, Elderly myocardial infarction
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INTRODUCTION

The complex pathophysiology of acute myocardial infarction (AMI); includes inflammation, myocardial
structural change, and myocardial injury as a result of myocardial stress (1). Biomarkers involved in this
complex process help infarct size, myocardial dysfunction, identification of risky patients, treatment and
follow-up (2).

In particular, traditional biomarkers reflecting inflammatory processes, such as high-sensitivity C-
reactive protein (hs-CRP) and erythrocyte sedimentation rate (ESR), have been associated with an increased
risk of cardiovascular disease and AMI (3). Known to be involved in the inflammatory process, soluble
urokinase plasminogen activator receptor (suPAR) has been associated with newly discovered cardiovascular
disease risk and all-cause mortality (4,5).

SuPAR can be found in a variety of cell types, including monocytes, endothelial cells, activated T

lymphocytes, macrophages, fibroblasts, megakaryocytes, smooth muscle cells, keratinocytes, and some tumor
cells (6,7). uPAR consists of three sites and is involved in immune system activation. The release of suPAR
occurs when the membrane-bound uPAR is cleaved, leading to its presence in various bodily fluids such as
plasma, cerebrospinal fluid, serum, blood, and urine. The concentration of suPAR in bodily fluids can vary
depending on the level of immune system activation (8).
Recent studies have revealed that patients with AMI have significantly higher suPAR levels which can be used
as a predictor of cardiac events (9-11). It is also known that the suPAR level increases with age (12). The risk
of AMI also increases with age. However, it is still unknown about suPAR values based on the age of the
patients who have AML

The main objective of this study was to compare the traditional inflammatory biomarkers and suPAR
levels in elderly and young myocardial infarction (MI) patients with those in patients who had been
determined not to have coronary artery disease (CHD). Furthermore, this research aimed to investigate the

correlation between suPAR concentrations and the extent of CHD severity.
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MATERIALS AND METHODS

This study encompassed 243 patients admitted to the intensive care unit with an initial diagnosis of
AMI, who were scheduled for coronary angiography between April 2019 and January 2020. Of these, 14
patients, initially diagnosed and set to partake in the study, declined to undergo coronary angiography,
leading to their exclusion. Furthermore, two individuals from the control group were also excluded on account
of rheumatological diseases. The study further categorized patients based on age: those 55 years and younger
were classified as the 'young' group, while those older than 55 years were designated as the 'elderly’ group.
The control group consisted of patients who underwent coronary angiography for indications other than AMI
and had less than 50% coronary artery stenosis.

The study excluded patients presenting with active infections, malignancies, autoimmune disorders,
hyperthyroidism, or those on immunosuppressive medication. Additionally, individuals with chronic kidney
disease, rheumatological conditions, those who had undergone revascularization with fibrinolytic therapy, or
had a history of pulmonary embolism were also excluded.

The study's intended participants were given information about the study and given the option to
volunteer for it after receiving their consent. Ethical clearance was granted by Sel¢uk University's Ethics
Committee (Decision No: 2019/92, Date: 08.05.2019). The study received funding support from the Selguk

University Scientific Research Projects Coordinatorship, under the project identifier 19102049.

Blood samples

At the time of hospitalization, 5 ml of blood were drawn from the patients upon admission to the
intensive care unit with the diagnosis of AMI, and from the control group after coronary angiography. Then,
those blood samples were placed in eppendorf tubes to study the suPAR level and stored at -80°C after
centrifugation at 4000 rpm for 5 minutes.

In the biochemistry laboratory, blood samples such as creatinine, HDL cholesterol, triglyceride, LDL

cholesterol, sodium, potassium, and hs-CRP in the BECKMAN COULTER AU5800 autoanalyzer, complete
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blood count (hemoglobin, platelet, leukocyte) in the COULTER DXH 800 blood count device. Sedimentation
was measured in the ALIFAX device, and the results were recorded separately for each patient.

Plasma suPAR levels were measured on an automated BMG LABTECH CLARIOSTAR instrument
utilizing the suPARnostic AUTO Flex ELISA kit for determination, based on the instructions provided by the

manufacturer (ViroGates A/S, Birkered, Denmark).

Syntax score analysis

Catheterization images were evaluated using the Syntax Score system. All lesions causing a reduction
in luminal diameter of 50% or more in coronary vessels with a diameter equal to or greater than 1.5 mm were
accounted for in the Syntax Score computation. For this calculation, we utilized the dedicated software
available at http://www.syntaxscore.com (13). The evaluation of the Syntax Score was independently
conducted by two interventional cardiologists who were not informed of the study protocol or the patient

demographics. Intermediate-high risk was determined as 23 and above.

Statistical analysis

Statistical analyses were conducted using SPSS version 29.0 (SPSS Inc., Chicago, IL, USA). The normality
of distribution for numerical variables was verified through the Kolmogorov-Smirnov test. These variables
were presented as mean + standard deviation and median (with interquartile range from the 25th to 75th
percentile). Categorical variables were expressed in terms of frequencies and percentages. The comparison of
numerical variables among the three study groups was performed using either one-way ANOVA or the
Kruskal-Wallis test, depending on the suitability for parametric analysis. The chi-square test was applied for
the assessment of categorical variables. For the analysis of bivariate relationships among continuous variables,
Spearman's rank correlation coefficient was employed. The efficacy of the Syntax Score in predicting the

severity of coronary artery disease was evaluated using Receiver Operating Characteristic (ROC) curve
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analysis, with a particular focus on establishing a diagnostic threshold for a Syntax Score greater than 23 and

above. Two-sided p values less than 0.05 were considered statistically significant.

RESULTS

Basic characteristics of patients

This investigation included a total of 332 participants, who were allocated into three groups: a young
myocardial infarction (MI) group with 100 patients, an elderly MI group encompassing 127 patients, and a
control group consisting of 105 individuals, as outlined in Table 1.

The median age in the group of young patients with MI was 49 years (44.2-53), in the group of elderly
patients with MI the median age was 66 years (62-74), and in the control group the median age was 59 years
(53 -66), showing a statistically significant difference (p<0.001). Compared to the control group, both groups
of AMI patients had a higher proportion of men (88% in the young MI group, 65.4% in the older MI group,
45.7% in the control group, p<0.001). However, there was no statistically significant difference in body mass
index (BMI) between the groups (p=0.77).

Diabetes Mellitus (DM) appears to be homogeneously distributed in all three groups (p=0.07). Among
the young MI group, 52% presented with ST-segment elevation MI (STEMI), and in the elderly MI group, 41.7%
had STEMI In the AMI population compared to the control group, left ventricular ejection fraction as
determined by Simpson's formula in echocardiography was significantly lower (49.68+9.84 for the young MI

group, 44.84+9.58 for the elderly MI group, 54.27+7.35 for the control group, p<0.001).

Laboratory findings

The laboratory test results of patients participating in this study are presented in Table 1. The suPAR
plasma concentration value was 2.76 (2.32~3.56) for the young MI group, 3.33 (2.43~4.41) for the elderly
MI group, and 2.33 (1.94~3.11) for the control group. In comparison to the control group, a significant increase

was seen in the AMI population (p<0.001). In theelderly MI group, hs-CRP and ESR were
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significantly higher (p<0.001). In comparison to the control group, the AMI population had significantly

higher levels of syntax score, white blood cell, triglycerides, and LDL-C (p<0.001).

Table 1. Patient characteristics and serum parameters

Variable Young MI Elderly MI Control p value
n=100 n=127 n=105

Age, year 49(44.2~53) 66(62~74) 59(53~66) <0.001

Sex (male), n (%) 88/88 83/65.4 48/45.7 <0.001
Body Mass Index (kg/m2) | 27.6(26.1~29.4) | 27.5(25.4~29.8) | 28.4(24.9~31.2) | =0.774

DM n (%) 19/19 41/32.3 31/29.5 =0.07
STEMI n (%) 52/52 53/41.7 <0.001
LVEF % 52(45~58) 46(38~54) 58(54.25~58) <0.001

suPAR 2.76(2.32~3.56) | 3.33(2.43~4.41) | 2.33(1.94~3.11) | <0.001

Hs-CRP 5(2.6~9.2) 8.7(3.6-21) | 3.66(1.57~6.94) | <0.001

ESR 8(4~12.7) 13(7.5~23.5) 9(4.5~15) <0.001

Syntax Score 12(8~18.75) 22(19~28) <0.001

Hgb, g/d1 14.7(13.7-15.5) | 12.7(11.1~14.2) | 13.6(12.3~15) | <0.001

White Blood Cell, 10%ul | 10.8(9.2~12.9) | 10.4(7.7-11.5) 7.3(6~8.4) <0.001
Platelet, 103/l 227(185~262) 213(163~253) 239(207~286) =0.001
Creatinine, mg/dl 0.74(0.67~0.86) | 0.81(0.67~0.99) | 0.72(0.63~0.84) | =0.003
HDL, mg/dl 38(31.2~43) 38(33~44) 43(38~51) =0.015

LDL, mg/dl 130+39.2 119.70+39.15 112.56+32.80 <0.001

The values are presented as n (%), mean + standard deviation, or median (25th and 75th percentiles). LDL: low-density lipoprotein,
HDL: high-density lipoprotein, Hgb: hemoglobin, Na*: sodium, K*: potassium, suPAR: soluble urokinase plasminogen activator receptor,
Hs-CRP: high-sensitivity C-reactive protein, ESR: erythrocyte sedimentation rate, LVEF: left ventricular ejection fraction, STEMI: ST-
segment elevation myocardial infarction, DM: diabetes mellitus

The assessment of all three groups within the analyzed patient cohort is summarized in Table 2.
Significantly higher suPAR plasma concentrations were observed in the elderly MI group compared to the
young MI group (p=0.002). Additionally, in the elderly MI group, both hs-CRP and ESR values were
significantly elevated when compared to the young MI group (p=0.003, p<0.001, respectively). In contrast, the
young MI group exhibited significantly higher suPAR plasma concentrations than the control group (p=0.008).

However, no significant differences were observed in the concentration of Hs-CRP and ESR between the group

with young MI and the control group (p=0.725, p=0.658, respectively).
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When the elderly MI group was compared to the control groups, in the elderly MI group, the suPAR
plasma concentration was significantly higher (p<0.001). In the elderly MI group, Hs-CRP and sedimentation

values were significantly higher when both groups were compared (p<0.001 for both).

Table 2. Comparison of groups

Young MI Elderly MI Control p value® | p value® | p valuec
n=100 n=127 n=105
suPAR | 2.76(2.32~3.56) | 3.33(2.43~4.41) | 2.33(1.94~3.11) | 0.002 0.008 <0.001
Hs-CRP | 5(2.6-9.2) 8.7(3.6~21) | 3.66(1.57~6.94) | 0.003 0725 | <0.001
ESR 8(4~12.7) 13(7.5~23.5) 9(4.5~15) <0.001 | 0.658 | <0.001

The values are presented as medians (25th and 75th percentiles). suPAR: soluble urokinase plasminogen activator receptor, Hs-
CRP: high-sensitivity C-reactive protein, ESR: erythrocyte sedimentation rate, 2 p value for comparison of young MI and elderly MI, *p
value for comparison of young MI and control groups, <p value for comparison of elderly MI and control groups

Table 3. Correlations of suPAR with other parameters

suPAR

Coefficient(r) | p value
Hs-CRP 0.291 <0.001
ESR 0.234 <0.001
Syntax Score 0.533 <0.001
Age 0.157 =0.004
LV EF % -0.336 <0.001
Hgb, g/dl -0.127 0.023
White Blood Cell, 10%/ul 0.338 <0.001
Creatinine, mg/dl 0.209 <0.001
HDL, mg/dl -0.262 <0.001
LDL, mg/dl -0.087 0.118

LDL: low-density lipoprotein, HDL: high-density lipoprotein, Hgb: hemoglobin, suPAR: soluble urokinase plasminogen activator
receptor, Hs-CRP: high-sensitivity C-reactive protein, ESR: erythrocyte sedimentation rate, LVEF: left ventricular ejection fraction

Table 3 summarizes the correlation analysis between suPAR and commonly used clinical biomarkers.
The results revealed several important relationships. Notably, suPAR was significantly correlated with hs-
CRP (r=0.291, p<0.001), grammar score (r=0.533, p<0.001), white blood cell count (r=0.338, p<0.001) and ESR (r=
0.234, p<0.001), age (r=0.157, p=0.004) and creatinine (r=0.209, p<0.001). On the other hand, negative
correlations were observed between suPAR and hemoglobin (r=-0.127, p=0.023), left ventricular ejection

fraction (LVEF) (r=-0.336, p<0.001) and high-density lipoprotein (HDL) . (r=-0.262, p<0.001).
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In the logistic regression model assessing age, SUPAR, and Hs-CRP as predictors of intermediate-high

Syntax Scores (223), all three variables showed a significant association in the univariate analysis with a p-

value of <0.001. In the multivariate analysis, age remained significant with a p-value of 0.002, Hs-CRP with a

p-value of 0.003, and SuPAR with a p-value of <0.001. ESR had a significant association in univariate analysis

(p<0.001), but it had no significant association in multivariate analysis (p=0.424). WBC had a significant

univariate effect (p=0.038), but it had no significant impact on the multivariate analysis (p=0.146). The

association between DM, gender and obesity was considered, but this did not have a significant impact on the

statistics (Table 4).

Table 4. Binary logistic regression analysis aiming to determine independent variables associated with

intermediate-high SYNTAX score (=23)

Univariate Analysis Multivariate Analysis
Variable | OR 95% CI P OR 95% CI P
SuPAR | 3.134 | 2.219-4.428 | <0.001 | 2.436 | 1.508-3.937 | <0.001
Hs-CRP | 1.067 | 1.036-1.099 | <0.001 | 1.025 | 1.025-1.122 | 0.003
ESR 1.043 | 1.018-1.069 | 0.001 | 1.007 | 0.972-1.040 | 0.424
Age 1.107 | 1.048-1.170 | <0.001 | 1.160 | 1.057-1.273 | =0.002
DM status | 0.952 | 0.447-2.028 | 0.899
Gender | 1.679 | 0.900-3.130 | 0.103
BMI 1.070 | 0.994-1.153 | 0.073
WBC 1.104 | 1.005-1.213 | 0.038 | 1.146 | 0.953-1.378 | 0.146
HDL 0.961 | 0.929-0.994 | 0.023 | 0.978 | 0.921-1.037 | 0.454
LDL 1.002 | 0.995-1.009 | 0.552

LDL: low-density lipoprotein, HDL: high-density lipoprotein, suPAR: soluble urokinase plasminogen activator receptor, Hs-CRP:

high-sensitivity C-reactive protein, ESR: erythrocyte sedimentation rate, DM: Diabetes mellitus

Table 5: Assessing the predictive value of SuPAR and Hs-CRP in determining the severity of coronary artery

disease: An evaluation of intermediate-high syntax scores (>23)

P AUC | Cutoff | Sensitivity | Specificity
suPAR | <0.001 | 0.811 3.10 74.7% 69.9%
Hs-CRP | <0.001 | 0.700 6.5 65.8% 60.2%

suPAR: soluble urokinase plasminogen activator receptor, Hs-CRP: high-sensitivity C-reactive protein,
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In the ROC analysis, the established threshold values for suPAR and hs-CRP for forecasting a Syntax
Score of 23 or higher were identified as 3.10 pg/mL and 6.5 mg/dL, respectively. These thresholds exhibited
sensitivities of 74.7% for suPAR and 69.9% for hs-CRP, and specificities of 65.8% and 60.2%, respectively.

The respective area under the curve (AUC) metrics were calculated as 0.811 (p<0.001) for suPAR and

0.700 (p<0.001) for hs-CRP, as depicted in Figure 1 and Table 5.

ROC Curve
10
0.8
2 957
-
=
1]
c
L5
D g
0.2+
—suPAR
—Hs-CRP
Reference Line
00 T T T T
00 02 04 05 08 10

1 - Specificity

Figure 1. Assessing the predictive value of SUPAR and Hs-CRP in determining the severity of coronary artery
disease: An evaluation of intermediate-high syntax scores (>23)

DISCUSSION

Our main findings from this study indicate that suPAR levels were significantly higher in patients with
MI compared to healthy controls. Additionally, it was observed that suPAR concentrations were notably
higher in the elderly MI group in comparison to the younger MI group. In a similar vein, Hs-CRP levels
demonstrated an increase in the elderly MI group. However, the comparison between the young MI group

and the control group did not reveal any statistically significant rise in Hs-CRP levels. A strong positive
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correlation was observed with the suPAR syntax score. Levels of suPAR and hs-CRP have been associated
with predicting intermediate and high Syntax scores. In this context, ROC analysis revealed that new threshold
values of suPAR and Hs-CRP could be useful in predicting an intermediate-high syntax score (=23), suggesting
their potential as simple and repeatable diagnostic tools for assessing the severity of coronary artery disease.
Therefore, our findings contribute further to the existing literature on the relationship between suPAR, syntax
score, and AMI patients. To our knowledge, this is the first study examining the relationship between suPAR
levels and syntax scores in patients with AMI.

An increased syntax score is a globally applied and well-established scoring system that indicates the
severity of coronary artery disease. Previous studies have shown that an elevated syntax score is associated
with increased cardiovascular mortality and morbidity (14,15). Chronic inflammatory processes have also
been shown to contribute to the increase in Syntax Score (16). Chronic inflammation is linked to endothelial
dysfunction, vasculopathy, and atherosclerosis (17). In a study by Corban et al., a relationship between suPAR
and endothelial dysfunction was established (18). Another study by Hindy et al. demonstrated that suPAR
triggers monocyte modulation, thereby inducing atherosclerosis (19). In research conducted by Goodchild et
al., suPAR plays a key role in the pathophysiology of atherosclerosis by stimulating pro-inflammatory
cytokines and activating neutrophils, monocytes, and endothelial cells (20).

Similarly, previous studies involving hs-CRP have also established its association with endothelial
dysfunction, vasculopathy, and atherosclerosis. Research conducted by Zaghloul et al and Mario et al
demonstrated the relationship between endothelial dysfunction and hs-CRP (21,22). Additionally, studies by
Niknezhad et al, Yu et al, and Swastini et al have linked hs-CRP with the development of atherosclerosis (23-
25).

Previous studies have examined the relationship between hs-CRP and the syntax score. In the studies
by Rezk et al. and Karadeniz et al., increased hs-CRP levels have been associated with an elevated syntax score
in patients with ACS (26,27). Karadeniz et al. found that in patients with ACS, hs-CRP at a cut-off value of 5.77
mg/dL predicted an intermediate-high risk syntax score (>23) with 75% sensitivity and 69% specificity (27). In

our study, similarly, hs-CRP at 6.5 mg/dL was found to predict an intermediate-high syntax score,
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demonstrating 65.8% sensitivity and 60.2% specificity (p<0.001). However, SuPAR levels were superior to Hs-
CRP in both regression and ROC analyses for predicting moderate-to-high Syntax Scores.

In contrast to hs-CRP, it has been demonstrated that the level of suPAR in plasma is not influenced by
circadian rhythms and remains more stable under acute stress conditions (8,28). Additionally, suPAR has been
shown to be superior to hs-CRP in predicting in-hospital mortality in patients with severe sepsis and septic
shock (29).

Numerous studies involving coronary artery disease have emphasized the significance of suPAR.
Persson et al.'s research found that elevated plasma suPAR levels are linked to a higher incidence of
cardiovascular disease (30). Lyngbeek et al. demonstrated that in patients with AMI, plasma suPAR levels are
predictive of all-cause mortality and recurrent MI (28). Furthermore, Eapen et al. revealed that plasma suPAR
levels are indicative of the presence of Coronary Artery Disease and can predict future adverse events (31).
Importantly, this study also established that in predicting MI and mortality, suPAR operates independently
of hs-CRP.

Botha et al. observed a significant increase in suPAR levels over a five-year follow-up in South African
black individuals who developed hypertension, indicating an independent association of baseline suPAR
levels with the hypertensive group (32). Tahhan et al. found that individuals with peripheral artery disease
have higher plasma suPAR levels compared to those with only coronary artery disease, correlating the
prevalence of the disease with increased suPAR levels (33). Persson et al. also noted an increase in plasma
suPAR levels in patients with carotid plaque, significantly elevating the risk of ischemic stroke and coronary
artery disease (34).

In our study, we examined the relationship between suPAR and SYNTAX score. Although it has been
shown that suPAR triggers endothelial dysfunction, stimulates pro-inflammatory cytokines, and ultimately
leads to atherosclerosis, to our knowledge, there are no studies demonstrating a relationship between suPAR
levels and the SYNTAX score, which is used to indicate the severity of coronary artery disease. In this study,
suPAR was found to be a strongly independent predictor of an intermediate-high syntax score (=23). The cut-

off for suPAR was identified at 3.10 pg/dl, demonstrating a sensitivity of 74.7% and specificity of 69.9%.
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Our study has several limitations. Firstly, its cross-sectional design suggests a need for larger, more
comprehensive studies in the future to expand upon our results. Secondly, the age cutoff of 55 years used for
grouping patients, while not a definitive boundary, has been utilized in some studies (35-38). The median age
in the young MI group was 49, and in the elderly MI group, it was 66, indicating a significant age difference
between the two groups. Thirdly, we recognize a major limitation in the gender distribution within the groups,
particularly the predominance of male patients in the young MI group. This imbalance is a concern, though it
is well-known that the incidence of AMI in younger ages is much higher in males (39,40).

The principal strength of our research, likely to be of significant interest to clinical practitioners, lies in
its provision of novel evidence concerning the pronounced impact of suPAR on the syntax score in predicting
intermediate-high risk scenarios. This finding introduces a critical line of inquiry in the realm of cardiovascular

risk assessment and management.

CONCLUSION

Our study contributes valuable insights into the relationship between inflammatory markers and the
syntax score in MI patients. The strong correlation of suPAR with intermediate-high syntax scores offers a
novel perspective in cardiovascular risk assessment. Despite its limitations, this research paves the way for
future investigations, emphasizing the need for larger, more diverse cohorts to fully elucidate these
relationships. Ultimately, these findings could have significant implications for the development of more

nuanced diagnostic tools and targeted therapeutic strategies in the management of coronary artery disease.
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ABSTRACT

Objective: This study used finite element analysis to evaluate temperature changes in the periodontal
ligament due to various thermoplasticized gutta-percha obturation techniques.

Materials and Methods: Mandibular premolar models were created in SolidWorks software, simulating
carrier-based obturation (CBO) and continuous wave of condensation with backfill obturation
(CWC+BFO).

Results: Upon analyzing seven models, the study revealed that the CWC+BFO models with the highest
temperature settings (Models 4 and 7) recorded the highest maximum temperatures, nearing 127°C. In
contrast, the CBO model (Model 1) exhibited the lowest maximum temperature at 47.835°C. These
temperatures were primarily measured at the apical region. The duration exceeding 10°C above body
temperature was highest in Models 4 and 7. CBO caused a brief 10.835°C rise for 0.43 s, deemed safe, while
all CWC+BFO techniques exceeded 10°C above body temperature, lasting up to 14.40 s. Lower temperature
settings, particularly during CWC, are recommended for safer CWC+BFO application.

Conclusion: The CBO technique caused minimal temperature increase and appears safe. However, the CWC
technique with BFO resulted in significantly higher temperatures, potentially harming the periodontal
ligament. The authors recommend using lower temperatures with both techniques, especially with the CWC

technique, and applying the BFO technique in multiple layers to minimize risks.

Keywords: Backfill obturation, carrier-based obturation, continuous wave of condensation, periodontal

ligament, Ttemperature rise
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INTRODUCTION

Thermoplasticized filling techniques employ heat to plasticize the gutta-percha, achieving greater
homogeneity and enhanced canal adaptation (1). However, warm gutta-percha obturation techniques have
the disadvantage of causing high temperatures on the external root surface (2). Dental treatments that raise
the temperature of the outer root surface beyond the established critical threshold of 10°C have the potential
to cause damage to the periodontal tissues, as demonstrated in a classic study of implant dentistry conducted
by Eriksson and Albrektsson. Their research, involving rabbit tibia exposed to temperatures exceeding 47°C,
revealed fat cell replacement and irreversible bone resorption (3,4). According to another source, the upper
limit of acceptable temperature is suggested to be 53°C (16°C increase) and surpassing this limit has been
proposed to lead to bone necrosis potentially (5,6). Some previous studies mentioned that an increase of 10°C
above body temperature for 1 minute is considered the safety threshold for periodontal tissues (7-9). It is
widely accepted that limiting any temperature increase on the root surface to within 10°C is essential to
prevent periodontal ligament and bone injury (4).

Carrier-based obturation (CBO) aims to reduce working time and ensure predictable
thermoplasticization and gutta-percha flow using a specialized oven with precise temperature control. CBO
simplifies the procedure by eliminating the need for instruments like spreaders, pluggers, heaters, and
compactors in complex root canals (10). In the continuous wave of condensation (CWC) technique, a single
master cone and a heat source are used to obturate the root canal by applying pressure from a heated plugger
(11). When the CWC method is chosen as a canal filling technique, the limitations of the technique are usually
overcome by using the backfill obturation (BFO) technique.

Various precise methodologies, including thermistor (12), infrared cameras (13), finite element analysis
(FEA) (4,14,15), and thermocouples (13,16), have been used to quantify the heat produced within the root canal
and its dispersion to the periodontium and bone. In the present investigation, FEA has been utilized to
evaluate the alterations in temperature on the external root surface. FEA is a well-established technique for
evaluating stress and temperature distribution in teeth under in vitro conditions (4,15). It is a faster and more

reliable alternative to physical measurement devices for measuring temperature (14). The finite element
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method offers significant advantages, as complex structures that are either difficult or costly to investigate
experimentally can be readily modeled (15).

To the best of our knowledge, although there are a few studies in the existing literature (4,14,15) that
evaluate the effect of warm gutta-percha obturation techniques on the tooth and surrounding tissues using
finite element analysis, there is currently no study that compares CBO and CWC+BFO techniques using FEA.
Therefore, this FEA study aimed to assess the temperature increases in the PDL generated by two different
thermoplasticized gutta-percha obturation techniques (CBO and CWC+BFO) on a simulated mandibular

premolar tooth model.

MATERIALS AND METHODS

Creation of the FEA models

A mandibular second premolar tooth with supporting tissues was created, and the geometric and
anatomical dimensions of the models were established based on the existing literature (17). The surrounding
tissues and bones were also included, and the enamel, dentin, periodontal ligament (PDL), cancellous bone,
and cortical bone regions were identified. The assumed width of the periodontal ligament was 0.3 mm, while
the alveolar bone was created 2 mm below the cemento-enamel junction. The thin cementum layer was
neglected, and the hard tissue of the roots was assumed to be dentin only. The root canal's working length
was supposed to be 12 mm. It had undergone root canal instrumentation before the filling procedure (taper:
6%, master apical file size: 40). All the mentioned processes and thermoplasticized gutta-percha (GP) canal
fillings were performed using the SolidWorks software program (SolidWorks Corp, Waltham, MA, USA). The
heating process applied to the GP layers was performed using ANSYS software (version 18.1; ANSYS,

Canonsburg, PA).
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Thermoplasticized GP techniques

Carrier-based obturation (CBO) technique (soft-core)

In this technique, it was assumed that a well-fitted Soft-Core (Kerr, Romulus, MI, USA) carrier-based
gutta-percha obturator (Size #40) was heated in a Soft-Core oven (Kerr Endodontics) to a temperature of 110°C
(18). The obturator cone was inserted into the root canal with apical pressure until reaching the apical stop,
and this insertion process took one second. When the obturator cone had cooled, it was assumed that the
handle and insertion pin were removed, and the gutta-percha was compacted vertically by hand plugger

(Figure 1).

Continuous wave of condensation (CWC) technique followed by backfill obturation (BFO) (elements
IC) technique (CWC+BFO)

In this study, the CWC technique is evaluated with two different BFO layering approaches, each with
three different temperature settings. First, it was assumed that a well-fitted master gutta-percha cone (size:
#40, taper: 6%) was placed into the root canal at the working length, and a heat plugger was advanced towards
the apex by approximately 4 mm with CWC technique at 140°C, 200°C or 400°C using down pack unit of the
Elements IC device (Kerr, Culver City, CA, USA), according to the description by Buchanan (11). It was
assumed that this process took 3 seconds. Subsequently, the heat was turned off, and a 10-second wait was
allowed for cooling. After this waiting period, an additional 1 second of heat was applied to the heating
plugger to retrieve the cooled gutta-percha (at the temperature at which the down pack procedure was
performed). The time elapsed while removing the heat plugger from the canal (1 second) and the condensation
of apical GP into the canal using the appropriate Buchanan’s hand plugger (5 seconds) was considered a total
of 6 seconds. Then, the BFO procedure was initiated.

The first approach performed BFO in a single layer (SL). For this purpose, the remaining 8 mm portion
of the canal was filled with flowable GP using the backfill unit of the Elements IC Device (Kerr) at 100°C, 170°C,
or 230°C, and it was assumed that this process took 3 seconds. BFO was performed in two layers (TL) in the

second approach. The 4 mm portion in the middle third of the canal was filled with flowable GP (1.5 seconds)
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at 100°C, 170°C or 230°C. It was assumed that 4 seconds were required for condensing GP into the canal using
hand pluggers. Subsequently, the 4 mm portion in the coronal third of the canal was filled with flowable GP

(1.5 seconds) (at the temperature at which the first layer of BFO was performed) (Figure 1).

A

0,000 5000 10,000 {mm)
2500 7,500

CWC+ BFO/Si T CWC+ BFO

Figure 1. A) Finite element models of carrier-based obturation (CBO) and continuous wave of condensation

technique followed by backfill obturation (CWC + BFO) techniques. B) A meshed model containing elements and nodes.

The preferred temperature settings were determined considering the default temperature setting (DefTS)
(200°C/170°C) provided by the Elements IC device (Kerr) and the minimum and maximum down pack and
backfill temperature settings (MinTS and MaxTS) (140°C/100°C, 400°C/230°C) that the device can offer (19).

Consequently, a total of seven models were assessed in this study:

Model 1 (M1): CBO at 110°C.

Model 2 (M2): CWC followed by single-layer BFO with minimum temperature settings (140°C-100°C).
Model 3 (M3): CWC followed by single-layer BFO with default temperature settings (200°C-170°C).

Model 4 (M4): CWC followed by single-layer BFO with maximum temperature settings (400°C-230°C).
Model 5 (M5): CWC followed by two-layer BFO with minimum temperature settings (140°C-100°C-100°C).
Model 6 (M6): CWC followed by two-layer BFO with default temperature settings (200°C-170°C-170°C).
Model 7 (M7): CWC followed by two-layer BFO with maximum temperature settings (400°C-230°C-230°C).

Root canal sealer was not used for obturation due to its negligible thickness and to minimize the number
of variables, as in the study by Zhou et al (14). In all FEA models, temperature changes were monitored from
the start of heat application until 13 seconds after the procedures were completed.

Geometric models were meshed with 10-node tetrahedral elements with quadratic displacement shape

functions and 3 degrees of freedom per node, with an average size of 0.2 mm (Figure 1). The preferred
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modeling type between different tissues/materials was the "bonded" interface. Additionally, the accuracy of
the FEA models was validated through a convergence test. The CBO, CWC+BFO/SL, and CWC+BFO/TL finite
element models were created using nodes and tetrahedral solid elements, with approximately 429,226 nodes
and 242,906 elements, 455,795 nodes, and 247,999 elements, and 454,051 nodes and 247,406 elements,

respectively. It was assumed that the materials under consideration were homogeneous and isotropic.

Table 1. The thermal properties of dental materials.

Specific heat[J / (g . °O)] The[I;/I(l;:nC:ISIt'i‘:lét;]VIty Density [g/mm?]
Enamel 0.75366 9.2114E-04 2.9E-03
Dentin 1.17236 6.2805E-04 4E-03
Cancellous bone 1.84228 5.8618E-04 1.3E-03
Cortical bone 1.84228 5.8618E-04 1.3E-03
Periodontal ligament 4.817 5.8618E-04 1E-03
Gutta-percha 1.828 1.53E-04 0.97E-03

The thermal properties of the elements utilized in FEA were sourced from the existing literature (Table
1) (14,20,21). All dental components within the tooth model were assumed to have a standard body
temperature of 37°C and the ambient air was set at a constant 22°C (14). Additionally, the process assumed
transient heat conduction throughout the tooth elements. Furthermore, free heat convection from the tooth
crown to the surrounding ambient air occurred during the process. For this purpose, a heat convection
coefficient of h = 6E - 06 [J/(mma2. s. °C)] was used (22). Temperature measurements started at the moment of
applying the heat source. The temperature changes in the dentine and surrounding tissues were analyzed and

recorded using ANSYS v.18.1 software (Canonsburg, PA, USA).

RESULTS

The durations from the initiation of root canal obturation to the onset of post-procedural cooling were
14, 37, and 41 seconds for the CBO, CWC+BFO/SL, and CWC+BFO/TL techniques, respectively. The time-

dependent temperature changes in all tested FEA models are illustrated in Figure 2.
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Figure 2. Time-dependent temperature changes in periodontal ligament tissue in each FEA model. The initial peaks in
temperature represent the application of CWC and CBO techniques, while the second and third peaks indicate the
application of the BFO technique for CWC + BFO models, respectively.

During the CWC technique (down pack), the highest maximum temperatures in the PDL were recorded
in the apical regions of the M4 and M7 models (~127°C). For approximately 14 seconds, the temperature levels
remained above 10°C higher than the body temperature. The M1 model exhibited the lowest maximum
temperature of 47.835°C in the apical region of the PDL, surpassing a 10°C difference from the body
temperature in less than 1 second (0.43 seconds). In the BFO application, the highest PDL temperature was

observed in the M4 model (74.323°C), lasting 12.24 seconds, while the lowest maximum temperature was

detected in the M5 model (44.504°C), which never exceeded 10°C above the body temperature; and these
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changes were observed in the middle thirds of the roots. The distributions of maximum temperatures induced

by various stages of the tested warm gutta-percha obturation techniques in the PDL are illustrated in Figures

3 and 4.
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Figure 4. Maximum temperatures observed in BFO applications in the FEA models from Model 2 to Model 7.
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In addition, temperature distributions 13 seconds after the completion of the obturation process in all

models are shown in Figure 5.
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Figure 5. The maximum temperatures detected 13 s after the completion of thermoplasticized gutta-percha obturation
procedures in the FEA models.

After a cooling period of 13 seconds, no temperature levels capable of causing damage to the PDL were
observed in any model. Data regarding temperature changes and time parameters for all experimental models

are provided in Tables 2 and 3.

Table 2. The maximum temperatures detected in the periodontal ligament, the maximum temperature increase in
the periodontal ligament relative to body temperature, and the maximum temperature after cooling for 13 s in the tested
FEA models.

Maximum temperatures Maximl.lm temperature Maximum temperatures
O . inerease after cooling (°C)
according to body temperature (°C)

Model 1 47.835 10.835 37.837

Model 2 62.812 25.812 39.307

Model 3 77.79 40.79 42

Model 4 127.97 90.97 44.376

Model 5 62.6 25.6 38.3

Model 6 77.512 40.512 39.8

Model 7 127.22 90.22 41

387



L
W w n

MEANDROS

MEDICAL AND DENTAL JOURNAL Meandros Medical and Dental Journal
December 2024 (4):379-395 doi: 10.69601/meandrosmdj.1541566

Table 3. The durations (seconds) above the increase of 10°C.

Obturation Phase
Carrier-Based Continuous Backfill Obturation | Backfill Obturation
Obturation (s) | wave of Condensation (s) |  (First Layer) (s) (Second Layer) (s)
Model 1 0.43 - - -
Model 2 - 4.68 2.24 -
Model 3 - 8.43 8.74 -
Model 4 - 14.40 12.24 -
Model 5 - 4.68 _ -
Model 6 - 8.44 3.58 -
Model 7 - 13.94 6.37 4.80
DISCUSSION

Premolars were selected to ensure compatibility with other studies in the literature, facilitating result
comparison (2). Additionally, mandibular premolars offer several advantages, such as a more rounded root
morphology, consistent dentin thickness throughout most of the root, and generally curvature-free roots. In
our study, the Soft-Core (Kerr) system was used as a reference to replicate the CBO technique. Following the
manufacturer's instructions, the Soft-Core (Kerr) system operates at 110°C (18), thus, our simulation for this
model was conducted at 110°C. For the CWC+BFO technique, the wireless Elements IC device (Kerr), currently
widely used in clinical practice, was chosen as a reference. This device is being evaluated because it allows a
broad range of temperature adjustments in the CWC and BFO stages. In this regard, the minimum
temperatures provided by the device (140°C for CWC, 100°C for BFO), the preset temperatures that come with
the device (200°C for CWC, 170°C for BFO), and the maximum temperatures it can achieve (400°C for CWC,
230°C for BFO) were included in this study. Notably, the maximum temperatures offered by this device align
with a temperature range that has not been previously explored in the literature.

According to the findings of our study, the highest temperatures in the PDL were detected at the apical
third of the roots in all tested models (Figure 3). As the distance from the apex of the root to the coronal third
of the root increased, the maximum temperatures in the PDL decreased gradually (Figure 4). One of the
reasons for this is that the root narrows. The remaining dentin thickness decreases as the apex of the root is
approached (23). Thus, the applied heat can more readily be emitted to the PDL, inducing undesirable

temperature increases in these regions. Lipski et al. reported that the temperature rise on the root surface
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depends on the remaining radicular dentin, and they mentioned that the temperature elevation was three
times higher on mandibular incisors with thin root walls compared to maxillary incisors (24). McCullagh et al.
stated that the most elevated temperatures recorded on the external root surface are associated with the final
position reached by the tip of the heat carrier in the root canal (13). The findings of these studies are consistent
with our findings. In accordance with the laws of thermodynamics, all systems in nature strive to reach
equilibrium, leading to the occurrence of heat transfer (25). When there is a temperature difference, heat
transfer takes place from the warmer environment to the cooler one to achieve thermal equilibrium. In this
study, based on these laws, cooling begins from the outermost layer and progresses toward the warmer
environment.

When Figure 3 is examined, the most noticeable observation is that CWC application causes higher
temperature increases in the PDL than CBO and BFO applications. Among the CWC applications, the most
elevated maximum temperatures were observed in models M4 (127.97°C) and M7 (127.22°C), while the lowest
maximum temperatures were obtained in models M2 (62.812°C) and M5 (62.6°C). The default settings
determined by the device manufacturer resulted in a temperature increase between the temperature increases
caused by these minimum and maximum temperature settings (77.79°C for M3, 77.512°C for M6).
Consequently, the heat intensity applied during the CWC phase appears to be a determining factor in the
temperature increase in the PDL. The CBO technique, on the other hand, caused a maximum temperature of
47.835°C, which is approximately at the threshold of potential harm to the PDL. The reason CBO causes lower
temperature increases than CWC applications may be due to the lower applied temperature (110°C) and the
shorter application time (1 second) compared to the 3-second application time of CWC. Ulusoy et al. examined
temperature changes during root canal filling, comparing techniques with and without simulated internal
resorption. They assessed injectable gutta-percha (Obtura II, 160°C), carrier-based (Soft-Core, 110°C), and
continuous wave of condensation (System B, 200°C). High-temperature methods (System B and Obtura II)
exceeded the critical 10°C threshold with internal resorption, while the carrier-based (Soft-Core) technique
remained within safe limits regardless of resorption (2). Our study findings were also consistent with their

study.
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When reviewing relevant literature, Venturi et al. used thermocouples to examine temperature
variations within gutta-percha during vertical compaction using a System-B Heat Source heated to 250°C.
Their findings indicated that the System-B Heat Source could be safely employed for vertical compaction, as
it did not substantially elevate gutta-percha temperature and posed no risk to periradicular tissues (16).
However, in our study, particularly in CWC techniques with higher temperature settings, we observed
potentially harmful temperature increases in the periodontal ligament. These discrepancies may be attributed
to differences in experimental conditions, such as the types of teeth used, dentin thickness, and methodological
variations. Er et al. assessed the temperature variations in a maxillary canine using finite element analysis on
the adjacent periodontal tissues and bones during the continuous wave of condensation technique (System-
B). The maximum temperature observed in the periodontal ligament was 43.5°C. The continuous wave of
condensation technique did not generate temperature levels considered potentially harmful (15). While our
study identified higher temperatures, especially in the apical region, when the CWC+BFO technique was used.
These discrepancies may result from differences in tooth morphology and the thermal properties of tissues
modeled in the studies. On the other hand, McCullagh et al. discovered an average temperature increase of
13.9°C on the root surface when employing the continuous wave of condensation technique with the System-
B heat carrier system for root canal obturation (13). Which is consistent with our findings of elevated
temperatures in the CWC models. Using finite element analysis, Cen et al. compared two dental filling
techniques (System-B and Obtura II). They found that without blood flow, both techniques could reach
potentially elevated temperatures (50-52°C) in a molar tooth. However, with simulated blood flow, peak
temperatures dropped below 47°C, suggesting blood effectively cools the tooth during both procedures (4).
While our study did not simulate blood flow, the observed temperature increases align with their findings.

BFO applications also led to harmful temperature levels (up to 74.323°C), mainly when used at higher
temperatures. The difference of BFO applications from CBO and CWC applications lies in their impact on the
middle and coronal thirds of the root rather than the apical third. Before initiating the BFO application, there
is some cooling opportunity for the apical PDL, and the newly applied backfill layers mainly affect the PDL,

corresponding to the regions where they are used. All CWC+BFO/SL models exhibited temperatures higher
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than the maximum observed in CBO during the BFO phases. In the two-layer backfill models, relatively lower
maximum temperatures were observed in both backfill layers of CWC+BFO/TL MinTS and the second backfill
layer of CWC+BFO/TL DefTS compared to those detected in CBO. Our findings regarding the BFO technique
are consistent with the results reported by Ulusoy et al., who compared the injectable Obtura II system with
Soft-Core and System-B and said that this system could lead to elevated temperatures in the PDL (2).

Additionally, it is observed that the maximum temperature values in models with a two-layer backfill
are lower than those in models with a single-layer. The reason for this could be the application of hot GP for
shorter durations and smaller masses, allowing for a cooling period by being exposed to room temperature
between the two layers. Zhou et al. used finite element analysis to measure temperature increases in the
periodontal ligament and apical gutta-percha in a mandibular molar tooth model. The apical thirds of the
canals were filled using a continuous wave of condensation. The remainder was backfilled with injected gutta-
percha in 2 segments (using Obtura II), and during the obturation procedure using Obtura II, the temperature
at the periodontal ligament remained below 47°C (14). Another aspect related to BFO is the observation of
maximum temperatures being lower in BFO applications in each model compared to CWC. Possible reasons
for this situation include the application of less heat in BFO than in CWC and a thicker dentin layer in the
teeth's middle and coronal root thirds compared to the apical third.

The carrier-based obturation technique caused a maximum temperature rise (10.835°C) near the
threshold of potential harm for 0.43 seconds. Additionally, all CWC applications resulted in excessive
temperature increases (up to 90.97°C), surpassing 10°C above body temperature, lasting up to 14.40 seconds.
Among the BFO applications, the CWC+BFO/SL MaxTS model caused a temperature rise of 37.323°C above
body temperature, lasting 12.24 seconds. In the CWC+BFO/TL MinTS model, hazardous temperatures were
never reached during the BFO stage. In all other CWC+BFO models except the CWC+BFO/TL MaxTS model,
dangerous temperatures did not occur during the second layer backfill process. It is essential to avoid
prolonged exposure to temperatures above 47°C, which can harm teeth. Previous studies have suggested that
an increase of 10°C above body temperature for 1 minute is considered the safety threshold for periodontal

tissues (7-9). In light of these data, among all tested models, only the M1 model (CBO) appears to have the
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potential to be safe for the periodontal ligament (PDL), as it marginally and briefly exceeded the harmful
temperature limit. This finding is per the study of Ulusoy et al., further supporting the safety profile of the
carrier-based obturation technique (2).

In thermoplasticized obturation techniques, as the duration of heat application increases, the
temperature also rises in the root and surrounding tissues. Lipski and Wozniak used the thermoplasticized
core techniques (Thermafil system) for root canal obturation and employed the continuous wave of
condensation with System B heat source for 5- and 8-seconds during retreatment procedures. They observed
temperatures ranging from 26.7°C to 46.0°C, potentially causing harm to the periodontal tissues (26). Zhou et
al. investigated continuous wave of condensation filling in mandibular molars for 3 and 4 seconds. They found
that, when filling for 3 seconds, the periodontal ligament temperature reached 46.9°C, and extending the
activation time to 4 seconds caused a temperature increase of more than 10°C. In conclusion, they advised
against exceeding the 3-second activation time (14). Therefore, the duration of heat application did not exceed
3 seconds in this study.

A monitoring period of 13 seconds was established following the completion of root canal filling
procedures in the tested finite element models, as the models exhibited a trend of returning to non-harmful
temperatures after 10 seconds. Temperature changes in the models were tracked until the end of this
monitoring period. After this cooling period, maximum temperatures in the PDL were measured, and no
destructive elevated temperatures were observed in the PDL and bone in any of the models (Figure 5).

Finally, the maximum temperature values observed in our study are generally higher than other studies
in the literature (4,14,15). This may be attributed to methodological differences such as the teeth used in the
studies, differences in dentin thickness, and variations in operator application.

One of the limitations of this study is the standardization of the working length of the teeth to 12 mm
for the finite element analysis (FEA). This was done to ensure consistency across the models and to minimize
variability in temperature distribution due to root length differences. However, in clinical practice, root
lengths vary, and this variation may influence the heat transmission to the periodontal ligament (PDL) and

surrounding tissues. In teeth with shorter roots, the proximity of the heat source to the apical region and
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surrounding tissues may lead to faster heat transmission, potentially increasing the risk of thermal injury.
Conversely, in teeth with longer roots, the greater distance between the heat source and the PDL may act as
an insulator, reducing the amount of heat transmitted to the surrounding tissues. These factors could impact
the safety thresholds of the tested thermoplasticized obturation techniques. Future studies should consider
evaluating the effects of these techniques on teeth with varying root lengths to provide a more comprehensive
understanding of temperature dynamics in clinical conditions.

The cementum layer was omitted in our study to simplify the model and reduce computational
complexity, focusing primarily on the heat transfer within the root and surrounding tissues. Given the thinness
and low thermal conductivity of the cementum, we believed its impact on temperature distribution in the
periodontal ligament (PDL) would be minimal. Cement layer had not been modeled in previous studies in the
literature (4,14,27). However, we recognize that in clinical settings, the cementum may act as an insulator,

slightly affecting heat dissipation.

CONCLUSION

This study compared two warm gutta-percha obturation techniques using FEA method. The CBO
technique remained within safe temperature limits, with only a brief and minimal temperature rise of 10.835°C
above body temperature, making it a safer option. In the CWC+BFO technique, models with higher
temperature settings (200°C-400°C for CWC and 170°C-230°C for BFO) exceeded the critical 10°C temperature
rise, lasting up to 14.40 seconds, which could pose a risk to the PDL. The two-layer backfill (TL) approach at
minimum temperature settings (140°C/100°C for CWC+BFO) was found to be the safest variant of the
CWCH+BFO technique, with temperatures staying within safer limits. The authors recommend using lower
temperatures with both techniques, especially with the continuous wave technique, and applying the

backfilling technique in multiple layers to minimize risks.
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ABSTRACT

Objective: Breast cancer (BC) is the most common cancer in women and the second leading cause of cancer-
related deaths. MicroRNAs (miRNAs) are short, non-coding RNA molecules that regulate gene expression
post-transcriptionally and play a central role in the dysregulation of gene expression associated with
carcinogenesis, cancer cell proliferation and metastasis. Twistl is a transcription factor that binds to E-box
motifs and controls the transcriptional activity of genes as a positive or negative regulator decisive in the
cellular mechanisms. Accordingly, Twist1 also regulates the expression of miRNAs that are associated with
cancer progression. In the present study, we aimed to investigate the expression changes of possible
miRNAs directly regulated by Twistl in triple negative breast cancer (TNBC) MDA-MB-231 cells.
Materials and Methods: In this study, a total of 43 miRNA genes were evaluated that predicted might be
associated with TNBC. To determine the Twistl-targeted miRNA genes, endogenous high-level Twistl
expression was suppressed through the antisense oligonucleotides in MDA-MB-231 TNBC cells. Differential
miRNA expression levels were analyzed using quantitative real-time PCR (qQRT-PCR) in Twist1-suppressed
cells compared to the control group.

Results: Twistl suppression resulted in increased expression of miR-1-1 and miR-210-3p, while the
expression of miR-193b-3p, miR-181b-5p, and miR-148a-3p decreased.

Conclusion: This study shows that the expression levels of certain miRNAs linked to invasion, metastasis,

and apoptosis are controlled by Twistl in TNBC cells.

Keywords: Breast cancer, MDA-MB-231, microRNA, Twist1
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INTRODUCTION

According to global statistics, breast cancer (BC) is identified as the most frequently detected cancer
worldwide, affecting individuals across all genders (1). Clinically, this type of cancer is divided into different
subtypes based on the status of specific receptors: the human epidermal growth factor receptor 2 (HER2),
which promotes aggressive tumor growth; the progesterone receptor (PR), associated with hormone-driven
tumor development; and the estrogen receptor (ER), a key factor in hormone-dependent BC (2). The major
subtypes include luminal A, which is generally hormone receptor-positive with a slower growth rate, luminal
B, known for its higher proliferation rate and possible HER2 positivity, and triple-negative breast cancer
(TNBC), which lacks hormone receptor expression. TNBC constitutes approximately 15-20% of total BC
diagnoses and is marked by its aggressive behavior and poor prognosis (3). MDA-MB-231, which is derived
from human breast adenocarcinoma, is an epithelial cell type that is classified as TNBC because of the absence
of HER2, PR and PR expression on its cell membrane (4). The identification of breast cancer-specific miRNAs
and the determination of their mechanisms of action in cellular signaling pathways are important for cancer
diagnosis and treatment. The effects on miRNA profile in cancer cells are being studied and their importance
is increasing day by day (5, 6).

MicroRNAs (miRNAs) are short, non-coding RNA sequences that exert pivotal functions in post-
transcriptional gene regulation by modulating the degradation and translational efficiency of specific target
messenger RNAs (7). These miRNAs participate in numerous biological functions, including development,
cell differentiation, growth, and programmed cell death, acting as crucial modulators of gene activity (8). In
healthy cells, miRNAs are tightly controlled to maintain homeostasis (9), while dysregulation of miRNAs
occurs in many diseases, including cancer (10). Studies indicate that miRNA dysregulation contributes to
cancer development and progression, with miRNAs acting either as oncogenes or tumor suppressors,
influencing different stages of tumorigenesis. In the field of cancer gene therapy, focusing on particular
miRNAs has demonstrated potential as an effective approach in the management, detection, and prediction

of disease outcomes (11).
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Twistl, a transcription factor, has a significant function in several molecular pathways, especially
contributing to cancer advancement. Twistl participates in tumor formation, development, spread, and
epithelial-mesenchymal transition (EMT) across different cancer types, including lung, breast, gastric, and
prostate cancer (12). In addition, Twistl has been identified as a master regulator in BC progression by
controlling multiple genes in different metabolic pathways (13).

Previous research has examined how miRNAs contribute to controlling both metastasis and
angiogenesis via the Twistl gene in MDA-MB-231 TNBC cells. Nevertheless, the miRNA profile related to the
antisense inhibition of Twist] gene expression remains unexplored. This study seeks to analyze the alterations
in miRNA expression levels in MDA-MB-231 TNBC cells after Twist]l gene activity is suppressed using an

antisense approach.

MATERIALS AND METHODS

Cell culture and transfection

The TNBC cell line derived from humans, MDA-MB-231 (American Type Culture Collection, HTB-26),
was preserved in Dulbecco's Modified Eagle Medium (DMEM) (Gibco™, catalog #11965092) supplemented
with 10% fetal bovine serum (FBS), 1% penicillin-streptomycin, and L-glutamine. The cell line was cultivated
at 37 °C in a humidified environment with 5% carbon dioxide. Before cell transfection, cells were plated one
day earlier to achieve approximately 70% confluence.

A transfection reagent (Lipofectamine 2000, catalog no. 11668-027, purchased from Thermo Fisher
Scientific, USA) was used for transfection of TwistlAS-pcDNA3.1 vector cloned with Twistl anti-sense
complementary DNA (cDNA), and pcDNA3.1 empty vector as a control into MDA-MB 231 TNBC cells.
Following 72 hours post-transfection, cell selection was carried out using G-418 at a concentration of 0.4
mg/mL (Invitrogen #10131) until the wells reached 80-90% confluency. Then, the RNA samples of each well

were obtained and quantified by Nanodrop.
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miRNA Isolation

Total RNA, including miRNAs, was extracted and purified from control and Twist1-silenced cells using
the RTA Total miRNA Isolation Kit (lot: AR2264118) according to the manufacturer’s instructions. Briefly, 350
ul of lysis solution and 20 ul of proteinase K were added to each cell sample, followed by incubation in an IKA
dry block heater at 60°C for 30 minutes. Afterward, 350 ul of binding solution was added, and the mixture
was transferred to spin columns and centrifuged at 11,000 rpm for 1 minute. The washing step involved
adding 500 pl of wash solution, followed by centrifugation at 10,000 rpm for 1 minute.

For elution, 40 pl of pre-warmed elution solution (65°C) was applied to the center of the miRNA spin
column and incubated at room temperature (20-25°C) for 1-3 minutes. Eluted miRNA was collected by
centrifugation at 8,000 rpm for 1 minute and stored at -20°C. Relative miRNA expression was evaluated using

the comparative CT (ACT) method, with SNORDA44 as a reference gene.

Quantitative Real-Time PCR (gRT-PCR)

qRT-PCR assays were conducted using a BrightGreen 2X Qrt-PCR Master Mix on a LightCycler® 96
real-time PCR system. Each reaction mixture (20 ul) contained 5 pl of 2X Master Mix, 0.5 ul of forward and
reverse primers (300 nM), 1.75 ul of cDNA, and 2.25 pl of nuclease-free water.

The qRT-PCR program included an initial denaturation at 95°C for 10 minutes, followed by 40 cycles of
denaturation at 95°C for 10 seconds, annealing at 60°C for 15 seconds, and elongation at 72°C for 30 seconds.
A melting curve analysis was performed to ensure the specificity of the amplification, increasing the
temperature from 50°C to 95°C in 0.5°C increments every 30 seconds. The primers for Twist]l were; Forward:
CGA CGA CAG CCT GAG CAA CA, Reverse: TGC AGC TCC TCG TAC GAC TG. The aim of this study was
to compare miRNA expression levels between control cells and cells transfected with the Twistl antisense
clone (TwistlAS-pcDNA3.1 vector). miRNA analysis was performed in duplicate for both groups, with

SNORDG68 as the internal control for the 43 miRNAs analyzed.
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Bioinformatics Analysis Using DIANA Tools

To identify the miRNAs potentially regulated by Twist1, bioinformatics analyses were performed using
the DIANA Tools platform (http://diana.imis.athena-innovation.gr). Specifically, the DIANA-microT-CDS
tool was used to predict the interactions between miRNAs and their potential target genes, focusing on
regulatory elements such as E-box motifs within the 3" UTR regions. Additionally, the DIANA-miRPath v3.0
tool was employed to evaluate the impact of these miRNAs on biological pathways, using KEGG (Kyoto
Encyclopedia of Genes and Genomes) pathway analysis. These analyses facilitated the identification of 43

miRNAs that may play significant roles in TNBC biology.

Statistical Analysis
Data are expressed as means + standard errors. Statistical analysis was performed using Student’s t-test
in GraphPad Prism 8 software. The significance of the results was determined at a probability level of p <0.05.

Each experiment was conducted in triplicate across three independent experiments.

RESULTS

To investigate whether Twistl drives miRNA expression under normal physiological conditions, a
cloned Twistl antisense oligonucleotide was utilized. Initially, an empty vector (pcDNA3.1) was used as a
control, and the Twistl-AS vector was transfected into cells known to express high levels of endogenous
Twistl. The transfected cells were then selected using G-418-containing medium. Subsequently, the cells were
analyzed for endogenous Twistl expression, and their morphology was examined using an inverted

microscope.
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Figure 1 The Twist1 suppression level of Twist1-AS vector transfected cells compared to control cells (empty vector)
resulted in the loss of their original mesenchymal morphology and transformation into epithelial morphology.

(**p<0.001)

Cells with decreased Twist1 expression (a 2.7-fold reduction) due to antisense oligonucleotides lost their
mesenchymal appearance and adopted an epithelial morphology. This finding aligns with the widely

recognized role of Twistl as a crucial regulator of epithelial-mesenchymal transition (EMT).

Table 1. CT values of up-regulated or down-regulated miRNAs in Twistl-silenced cells compared to the control, with a

statistically significant difference (p < 0.05).

CT CT ACT CT reference ACT
average reference average CT average average average
(control average (control (transfectio (transfection (transfecti -AACT
roup) (control roup) n group) roup) on group)
group group) | 5P group group
hsa-miR-1-1 33,7 24,02 9,67 29,28 24,08 5,2 4,47
?;a'mlR'l%b' 25,19 24,02 1,17 26,77 24,08 2,69 -1,52*
?;a'mlR'lglb' 23,65 24,02 0,37 25,7 24,08 1,62 -1,99*
gga'mlR'MSa' 29,55 24,02 5,525 31,3 24,08 7,22 1,69*
?;a'mlR'm' 23,96 24,02 -0,06 22,11 24,08 1,96 1,9*

hsa, homo sapiens, *p<0.05
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These results suggest that efficient downregulation of Twistl promotes the mesenchymal-epithelial
transition (MET) process in cells (as shown in Figure 1). In this study, 43 miRNAs were analyzed (Supplement
1). Among them, 2 miRNAs (miR-1-1 and miR-210-3p) were upregulated, while 3 miRNAs (miR-193b-3p, miR-
181b-5p, and miR-148a-3p) were downregulated. The cycle threshold (CT) was determined using the following
formula (Table 1):

[AACT= ACT (target sample) - ACT (reference sample)] (14).

DISCUSSION

In this study, changes in the expression levels of 43 miRNAs, previously characterized as either
oncogenic or tumor suppressive, were investigated following Twistl gene knockdown. These miRNAs were
identified through in silico analyses and a comprehensive literature review, focusing on their potential roles
in TNBC biology. Among these, miR-193b-3p, miR-1-1, miR-210-3p, miR-181b-5p, and miR-148a-3p were
selected for further analysis due to their significant expression changes following Twistl inhibition. These
miRNAs play crucial roles in key biological processes associated with TNBC, including metastasis,
angiogenesis, and apoptosis. Notably, miR-210-3p and miR-1-1 are linked to adaptation to hypoxia and
cellular energy metabolism, with miR-1-1 generally exhibiting tumor-suppressive effects by reducing
proliferation and metastasis in cancer cells (15, 16). Similarly, miR-193b-3p has been reported to suppress
metastatic processes (17), while miR-181b-5p exhibits either oncogenic or tumor-suppressive roles in BC (15,
16). miR-148a-3p acts as a tumor suppressor in various cancers, including BC, where its low expression levels
are associated with cancer progression (17).

Given their significant expression changes and established roles in TNBC, this study focuses on these
five miRNAs to investigate the biological impact of Twist1 suppression on their regulatory pathways. Ongoing
research underscores the potential of miRNAs as biomarkers for early BC detection and prognosis
determination, highlighting the importance of identifying specific miRNAs and understanding their

mechanistic roles in cellular signaling pathways (18).
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Twistl is an essential regulator of cancer progression and spread (19). It plays a key role in the
promotion of EMT, cellular invasion, metastatic spread, and maintenance of cancer stem cell properties (20,
21). The importance of Twistl has been highlighted in several cancers, including BC, prostate cancer and lung
cancer (22-24). Additionally, Twistl is associated with drug resistance in cancer cells (25). Twistl promotes
cancer cell invasion and metastasis by suppressing genes such as Foxal, with its downregulation contributing
to EMT, invasiveness, and metastasis in BC (13).

Twistl functions as a regulatory factor in highly aggressive cells, including TNBC cells like the MDA-
MB-231 line. Its interactions with specific DNA recognition sites can either upregulate or downregulate
miRNAs. Twistl activity influences the expression of miRNAs such as miR-34a, miR-373, miR-424, miR-129-
5p, miR-20a, miR-448, miR-10, and miR-200, all of which are linked to invasion and metastasis. Research shows
that Twistl suppression reduces oncogenic miRNA expression while enhancing tumor-suppressive miRNA
levels (26-29).

Li et al. found that inhibition of Twistl affects apoptosis through nuclear factor kappa B (NF-«B)-
dependent p53 activation by impairing the expression of miR-10a (26). Similarly, Yu et al. demonstrated that
increased miR-129-5p levels suppress EMT, while its downregulation enhances EMT in BC cells. They showed
that Twistl directly represses miR-129-5p expression, with low miR-129-5p levels linked to poor clinical
outcomes. Yeh et al. identified miR-151-3p, which targets Twist1 to limit BC cell motility, modulating Twist1
via its interaction with the 3’ untranslated region (3'UTR). This regulation inhibits motility and infiltration
by promoting E-cadherin production (30). These investigations have shown that suppression of the Twistl
gene leads to a reduction in oncogenic miRNAs and an elevation in tumor-suppressive miRNAs.

miRNAs like miR-145a-5p, miR-300, miR-337-3p, miR-720, miR-151-5p have also been studied in
relation to Twist1 inhibition (28, 29, 31). u et al. demonstrated that miR-300 directly targets Twist1 at its 3’ UTR,
with elevated miR-300 levels inhibiting cell invasion in vitro and reducing experimental metastasis in vivo.
An inverse relationship between miR-300 and Twistl expression was observed in clinical samples, where
reduced miR-300 levels correlated with higher metastatic potential (31). Activation of miR-720 significantly

reduced BC cell migration both in vitro and in vivo. miR-720 directly targets Twistl, inhibiting metastasis by
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suppressing its activity, with a negative correlation observed in human BC tissues (32). Nairismagi et al.
reported that Twistl’s 3' UTR is highly conserved, with miR-151-5p significantly inhibiting Twist1 expression,
particularly when paired with miR-337-3p or miR-145a-5p (29).

However, previous studies have not comprehensively investigated the full miRNA expression panel
following Twistl knockdown. This study addresses this gap by selecting 43 miRNAs not previously associated
with Twistl in BC to provide new insights for future research. The data revealed that Twistl inhibition in
MDA-MB-231 cells led to increased expression of miR-1-1 and miR-210-3p, while the expression of miR-193b-
3p, miR-181b-5p, and miR-148a-3p decreased.

Yamasaki et al. identified miR-1-1 as a member of the miR-1 family and demonstrated that in carcinomas
of epithelial origin, such as bladder cancer, the expression of miR-1 family members is significantly
downregulated. They showed that protmosin-a and purine nucleoside phosphorylase are directly regulated
by miR-1 family members. Silencing these two genes led to a marked inhibition of cell proliferation and
invasion while significantly promoting apoptosis in cancer cells (33). Liu et al. reported decreased expression
of miR-1 family members in BC tissues, which inhibited proliferation and impaired apoptosis in BC cells. miR-
1 family members were shown to function as tumor suppressors by targeting K-ras and metastasis-associated
lung adenocarcinoma transcript 1. Patients with low miR-1 family expression levels were found to have
shorter survival times compared to those with high expression levels (34).

In a study analyzing miRNA expression profiles in metastatic BC cases, miR-1 was identified as a
miRNA linked to distant metastasis, with its expression in breast carcinoma associated with aggressive cancer
phenotypes, serving as a strong prognostic factor (35). In this research, silencing Twistl gene expression
resulted in a 4.47-fold increase in miR-1-1 expression levels. Using the TargetScan platform
(http://www.targetscan.org/vert_72/) for target prediction, it was found that CXC chemokine receptor 4
(CXCR4), a metastasis-associated gene, may represent a common signaling pathway. It was hypothesized that

Twistl gene inhibition could upregulate miR-1-1 via this shared pathway (36).
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The data obtained by silencing the Twist1 gene in this study showed that miR-1-1, previously identified
as a tumor suppressor, was upregulated. It is hypothesized that Twistl gene silencing inhibits metastasis,
proliferation, motility, and apoptosis in cancer cell lines.

miR1-1 is primarily expressed in heart and skeletal muscle, where it is regulated by muscle
differentiation factors during heart development. It functions within serum response factor-myocardin-
dependent pathways in cardiac progenitor cells and is controlled by key muscle differentiation factors such as
serum response factor, myoblast determination protein 1, and myocyte enhancer factor-2 (37). miR-1 regulates
several critical genes involved in muscle and heart function, including kruppel-like factor 4, heat shock protein
60, heart and neural crest derivatives expressed 2 (a transcription factor essential for cardiomyocyte
development), stanniocalcin 2, and components of the Transforming Growth Factor-beta (TGF-f3) signaling
pathway (38).

Dysregulation of miR-1-1 has been linked to various cancers, including liver cancer, lung cancer, BC,
colon cancer, medulloblastoma, glioblastoma, and pancreatic cancer. In particular, downregulation of miR-1
is common in TNBC and is associated with poor prognosis and lower survival rates in BC. Additionally, miR-
1 has been implicated in chemotherapy-induced cardiotoxicity, particularly in BC patients treated with
anthracyclines, including epirubicin (38).

Functionally, overexpression of miR-1-1 in BC cells decreases cell proliferation and invasion while
promoting apoptosis through the downregulation of B-cell lymphoma 2 (BCL2), Slug, and metastasis-
associated lung adenocarcinoma transcript 1 (MALAT1), ultimately reducing tumor growth (38). The
expression of miR-1-1, which has been shown to play a tumor-suppressive role, increases upon the
suppression of Twistl. Therefore, Twistl may be considered a key regulator of miR-1-1 in TNBC progression.

miR-193b-3p is recognized as a tumor suppressor in BC and various cancer cell lines, playing a critical
role in regulating metastatic processes. miR-193b-3p has been shown to be significantly downregulated in
MDA-MB-231 and MCF-7 cells. Silencing of miR-193b-3p in BC abrogates the inhibition of several proteins

associated with metastatic genes, potentially conferring metastatic properties to the cells. These findings are
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supported by pathway analyses using KEGG (Kyoto Encyclopedia of Genes and Genomes) and IPA (Ingenuity
Pathway Analysis) tools, which identify key signaling pathways linked to poor prognosis in patients (39).

In our study, miR-193b-3p expression levels decreased by 1.52-fold. Given the data, this unexpected
reduction in tumor suppressor miRNA aligns with previous findings suggesting that miRNA expression levels
can exhibit oncogenic or tumor-suppressive behavior depending on their mechanisms of action. The results
from this study further support the hypothesis that miR-193b-3p can induce diverse behaviors in cancer cells.

miR-193b targets estrogen receptor-alpha to inhibit estrogen-induced growth in BC cells, with its target
genes involved in cell signaling and steroid hormone production. This suggests that miR-193b plays a role in
inhibiting steroid-dependent growth in BC (40). Additionally, miR-193b reduces lipid accumulation and
adipogenic marker expression in cultured cells, though its knockdown after differentiation has minimal
impact. miR-193b expression also inhibits the differentiation of mouse C2C12 myoblasts into multinucleated
myotubes and serves as a key regulator of brown fat differentiation, partially by repressing myogenesis (41).
Based on these results, Twistl may potentially regulate miR-193b-mediated myogenic differentiation in BC
cells.

miR-181 is aberrantly expressed in tumor tissues and plays a significant role in cancer progression. The
overexpression of miR-181b-5p downregulates E-cadherin by interacting with various transcription factors,
thereby promoting invasion and metastasis. These findings indicate that miR-181b-5p modulates TGF-{31-
induced EMT by directly targeting E-cadherin (42, 43). In this study, a marked decrease in miR-181b-5p
expression was observed following the suppression of Twist]l gene expression. Mechanistic analysis revealed
that the interleukin 6 (IL-6) pathway and NF-kB activity were particularly prominent. The signal transducer
and activator of transcription 3 (STAT3), along with miR-21-5p and miR-181b-5p, has been shown to directly
influence IL-6 expression (44). The absence of a significant change in miR-21-5p expression levels in this study
suggests that Twistl affects miR-181b-5p through a pathway other than IL-6.

Previous research has demonstrated that miR-181b-5p, which exhibits epigenetic oncogenic behavior,
can inhibit NF-kB activity, potentially mediating the epigenetic link between inflammation and cancer. It is

hypothesized that a shared pathway exists between the epigenetic mechanisms of Twistl and the regulation
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of NF-xB activity by miR-181b-5p. This shared pathway indicates that the inhibition of Twistl may
downregulate miR-181b-5p expression.

miR-181b is a critical regulator of the phosphatidylinositol 3-kinase (PI3K) pathway, playing a key role
in cellular metabolic adaptations that support high proliferation rates during development. It modulates the
expression of phosphatase and tensin homolog (PTEN) to regulate PI3K signaling. Mice deficient in miR-181b
exhibit severe defects in lymphoid development and T-cell homeostasis, which are linked to impaired PI3K
signaling (45). Based on this literature, we propose that the Twist1 transcription factor could regulate the PI3K
pathway through miR-181b by modulating PTEN expression in TNBC cells.

miR-148a-3p can function as either an oncogene or a tumor suppressor, depending on the context (46,
47). In our study, a significant decrease in miR-148a-3p expression was observed following the suppression of
Twistl. The miR-148a/152 family has been identified as a key regulator of DNA methyltransferase 1 (DNMT1),
playing a crucial role in epigenetic modifications and gene expression control (48). Our findings suggest that
DNMT1 expression may be influenced by the epigenetic mechanisms of Twistl, potentially affecting the
regulation of miR-148a-3p expression. This aligns with Xu et al.'s (2013) findings, which demonstrate DNMT1's
role in epigenetic modifications and gene expression control (40). Inhibition of the Twistl gene may impact
cancer cell differentiation and survival by altering the expression of key regulatory miRNAs, including miR-
148a-3p.

miR-148a acts as a negative regulator of the innate immune response and the antigen-presenting
capacity of mouse dendritic cells (DCs). Its expression is upregulated in mouse DCs during maturation and
activation induced by agonists of Toll-like receptor (TLR) 3, TLR4, and TLR9. Overexpression of miR-148a
inhibits the production of cytokines, including IL-6, IL-12, tumor necrosis factor (TNF), and interferon-{3. It
also suppresses the upregulation of major histocompatibility complex class II (MHC II) expression and DC-
initiated, antigen-specific T-cell proliferation. This inhibition occurs through the targeting of Camk2a
expression. Liu et al. (2010) proposed that miR-148a fine-tunes the innate immune response (49). In light of
these findings, further analyses are warranted to investigate the potential roles of Twistl in the innate immune

system and its implications for breast cancer progression.
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miR-210-3p may have an effect on cancer cell survival and metastasis (50). In this research, suppression
of the Twistl gene led to a significant increase in the expression level of miR-210-3p. Based on previous studies,
this increase in miR-210-3p expression may be mediated by the fibroblast growth factor receptor through the
RAS signaling pathway, which modulates the RAS-mitogen-activated protein kinase signaling cascade (51,
52). It is proposed that the inhibition of Twist1 through this common signaling pathway may elevate miR-210-
3p expression. Notably, miR-210-3p has previously been classified as a tumor suppressor. Therefore,
suppression of the Twist]l gene may hinder cancer cell survival and metastasis by upregulating miR-210-3p.

miR-210 expression progressively increases in human umbilical vein endothelial cells (HUVECs) upon
exposure to hypoxia. Overexpression of miR-210 in normoxic endothelial cells stimulates the formation of
capillary-like structures in a 3D gel and enhances vascular endothelial growth factor (VEGF)-induced cell
migration. Conversely, miR-210 inhibition via anti-miRNA transfection suppresses hypoxia-induced
capillary-like structure formation and reduces cell migration in response to VEGF. While miR-210
overexpression does not affect endothelial cell growth, anti-miR-210 transfection inhibits cell growth and
induces apoptosis under both normoxic and hypoxic conditions (53).

miR-210 downregulates ephrin-A3 expression, and the expression of an miR-210-resistant ephrin-A3
allele prevents miR-210-mediated stimulation of tubulogenesis and chemotaxis. Fasanaro et al. (2008)
concluded that miR-210 plays a key role in the endothelial cell response to hypoxia (53). Antisense-mediated
downregulation of miR-210 has been reported to suppress cell viability, induce GO/G1 phase arrest, increase
the apoptotic rate, and enhance radiosensitivity in hypoxic human hepatoma cells. Reporter assays indicate
that miR-210 targets the 3’ UTR of apoptosis-inducing factor, mitochondrion-associated 3 (AIFM3), leading
to the downregulation of AIFM3 expression. Human hepatoma cells expressing antisense miR-210 and AIFM3
small interfering RNA exhibit reduced apoptosis following irradiation compared to control cells, suggesting
that miR-210 typically downregulates AIFM3-mediated apoptosis (54).

Based on this information, a detailed investigation into the hypoxia-related angiogenesis and cancer
development processes regulated by miR-210, modulated by Twistl in TNBC cells, could elucidate the precise

role of Twistl in miR-210-mediated pathways.
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CONCLUSION

In summary, the findings of this research provide novel insights into the regulatory role of Twistl in
modulating miRNA expression patterns within TNBC cells. The miRNAs identified in connection with Twist1
signaling pathways represent potential candidates for the development of new therapeutic strategies targeting
TNBC. Further investigation is required to elucidate the underlying molecular mechanisms and to validate

the clinical relevance of these findings in patients with TNBC.
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ABSTRACT

Objective: As a demyelinating disease of the central nervous system, multiple sclerosis (MS) can be marked
by tiredness, ataxia, sensory complaints, attention, and motor speech, as well as weakness in the arms and
legs. Cortical symptoms, cognitive decline, hearing loss and epileptic seizures are typical symptoms. The
aim of this study is to determine the impact of MS on the auditory and vestibular pathways.

Materials and Methods: MS patients mental abilities were assessed in this study, accounting for vestibular
and auditory function. Fifteen MS patients and fifteen healthy controls were recruited. The experimental
and patient groups underwent vestibular and audiological testing and the results from these two groups
were compared. The patients underwent simultaneous impedance audiometry.

Results: The data from our study showed significant results for the right and left ears of MS patients when
we used pure tone audiometry. In the Auditory Brainstem Response (ABR) test, unilateral sensorineural
hearing loss was observed in seven patients. On the Video Head Impulse Test (VHIT), the vestibulo-ocular
reflex (VOR) gains of 9 MS patients were outside normal limits, while the VOR gains of one patient were
low in the left lateral canal. On the Vestibular evoked myogenic potentials test, wave latencies were delayed

in 12 of the patients and the left P1 and N1 waveforms were not observed in two patients.
Conclusion: Based on the findings of our study, we can say that auditory and vestibular functions are
significantly impaired in MS patients. We can recommend that studies with larger patient populations

should be developed.
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INTRODUCTION

Multiple Sclerosis (MS) is a chronic, inflammatory, demyelinating disease that is usually seen in young
adults and causes neurological and cognitive function loss (1). It has been shown that gray matter and white
matter are affected. Genetic and various environmental factors influence the disease's development (2).
Movement issues, migraines, epileptic seizures, hearing loss, cognitive decline, and cortical symptoms are
typical symptoms (3). MS symptoms may occur as prodromal or acute episodes. ~Although the disease's first
findings are mostly in remission, remission or partial attacks are seen or not seen in later ataxias (4, 5). Evoked
potential (EP) examinations are most frequently applied in the clinic to diseases that cause demyelinating
lesions in the central nervous system, especially MS (6). The electrical potentials are recorded by applying
sensory stimuli to MS patients through the scalp, and their formation times are evaluated with evoked
potentials. Visual Evoked Potentials (VEP) and Somatosensory Evoked Potentials (SEP) applications applied
to MS patients are essential for both diagnosis and patient follow-up (7, 8). Demyelinating plaques can also
form in the vestibular and central pathways, resulting in hearing and balance disorders. For example, these
plaques can also develop in the brainstem, where the auditory and vestibular pathways are located (9). In
addition, it has been suggested that the vestibular nuclei and root vestibule of the 8th cranial nerve are one of
the most common anatomical sites for inflammation (10). Peripheral nerve connections within the cochlea may
be affected by demyelination, resulting in peripheral auditory and vestibular involvement in people with MS
(11, 12). This study hypothesizes that MS patients will exhibit significant auditory and vestibular dysfunction
compared to healthy controls. While previous studies have explored auditory and vestibular dysfunctions in
MS, few have systematically compared these functions using comprehensive diagnostic tests such as ABR,
Vestibular evoked myogenic potentials (VEMP), and Video Head Impulse Test (VHIT) in a controlled setting.
This study, which compared hearing and balance levels between MS patients and healthy controls, has the
potential to significantly enhance our understanding of MS's impact on auditory and vestibular functions. The
findings could provide valuable insights into the fields of neurology, audiology, and otolaryngology, sparking

further research and discussion in these areas.
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MATERIALS AND METHODS

The methodology of the study was comprehensive. All stages of the study are summarized in Figure 1.
A total of 15 MS patients aged between 27 and 55 years, with or without hearing and balance problems, who
were diagnosed with definite MS at the Neurology Department from the Adana MS Patients and Relatives
Association, and who had not had an attack for at least two months were included in the study. The control
group we included in the study consisted of 15 individuals and the age range was between 27 and 55, as in

MS patients.

STUDY SUMMARY

. AGE OF PATIENT 2. STAGE
. DURATION OF DISEASE

. TYPE OF MS
. IS THERE ANY ADDITIONAL TAKING PATIENTS ANAMNESIS
DISEASE?

1. EMPEDANCE AUDIOMETRY TEST

2. PURE TONE AUDIOMETRY (PTA)

3. VESTIBULAR EVOKED MYOGENIK
POTENTIALS TEST (VEMP)

4. VIDEO HEAD IMPULSE (VHIT)

4. STAGE

EMPEDANGE AUDIOMETRY TEST MIDDLE EAR PRESSURE AND ACOUSTIC REFLEX
2. PURE TONE AUDIOMETRY (PTA} ~» LOWEST SOUND INTENSITY BETWEEN 125HZ-
3. VESTIBULAR EVOKED 8000HZ
MYOGENIK POTENTIALS TEST —— + EVALUATION OF UTRICULAR AND SACCULAR
(VEMP) FUNC
. VIDEQ HEAD IMPULSE (VHIT) IDENTIFYING SEMICIRCULARY CANAL
. DYSFUNCTIONS

5. STAGE

PERFORMING STATISTICAL — SPSS STATISTICAL PROGRAM
ANALYSES L

Figure 1. Experimental Design

The number of patients and controls to be used in the study was determined based on the reference
article by performing a power analysis. The a value was taken as 0.05 and the beta value as 0.95. As a result

of these calculations, the effect size was found to be 1.2456822. As a result, the total number was determined
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as 30, with 15 people per group (13). The control group consisted of individuals who were examined at the
ENT Department and who had no hearing or balance problems. Participants who had previously been
diagnosed with hearing loss, had a history of vestibular disorder or had an attack in less than two months,
had a lower extremity fracture within two months before inclusion in the study and/or had other medical
conditions that would affect the study procedures were not included in the study. The audiologic and
vestibular function tests of the study were performed at the Audiology Unit of the ENT Department of the
Cukurova University Faculty of Medicine, ensuring the reliability and validity of the results. The first
immitansmetric measurements (Interacoustics brand AT-235 model device) were made on the study
participants. Thus, it was determined that the patients did not have a middle ear pathology that prevented
hearing, and pure tone signals with decreasing intensity were sent to them at random rhythmic intervals via
pure tone audiometer (Interacoustics brand AC-40 model). In this way, the right and left hearing thresholds
recorded on the pure tone audiometer were marked on the audiogram. Then, speech tests were performed,
and the patient's speech discrimination scores (SD = speech discrimination) were determined. Then, brainstem
auditory response audiometry (with GSI-Audera model device) was performed on the patients while resting
and in their natural sleep using insert headphones (TDH-39 model). Responses obtained from the brainstem
were recorded by sending click stimuli via a computer and electrodes. In the recording, an average was made
by giving approximately 1500-2000 stimuli. ABR testing included variations in click stimulus frequency to
evaluate its effects on auditory brainstem responses in MS patients. Then, a VEMP test was performed on the
patients via ABR equipment. In the cVEMP test, the responses recorded from the SCM muscle were obtained
via surface electrodes attached to 1/3 or % of the patient's SCM muscle, the middle of the forehead and the
sternum. signals were sent via insert earphones (TDH 39 model) attached to both ears of the patient, and
positive waves (P1) and negative waves (N1) were obtained with the ABR device (GSI-Audera model device)
via electrodes placed on the SCM muscle. In response to the high-intensity sound stimulus, the SCM muscle
contracted using various methods, and the latencies of the biphasic waves obtained in the electromyographic
recording were evaluated. The functions of the saccule, inferior vestibular nerve, and lower brainstem were

assessed in the cVEMP test. Measurements were made using 30 msec AC sound stimuli at 100 dB SPL. In the
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VHIT test, patients were made to look at a previously determined fixed point; their heads were tilted forward
by 30 degrees, and the lateral semicircular canals were made parallel to the ground plane. The patients were
turned forward, backwards, right, and left with sudden, small, rapid movements. The movement was sudden
(>3000 degrees/s2), unexpected by the patient and at angles less than 20-30 degrees. To obtain high-resolution
and fast recordings, VOR gains were calculated numerically with the help of a computer to determine saccades
that were not seen and detected with the naked eye. In the VHIT device used in this study, eye movements
were recorded with a camera placed on the glasses. Measurements were made with the EyeSeeCam VHIT
(Interacoustics, A/S DK-5610) device and evaluated with the OtoAccessTM computer program. Before
starting the test, the device was calibrated. Participants were asked to read the informed consent form at the
beginning of the study and their approval was obtained. The Cukurova University Faculty of Medicine Non-
Interventional Clinical Research Ethics Committee evaluated the study's compliance with ethical principles

and obtained ethical approval (31.08.2018/5).

Statistical analysis

Sample T-test was used to compare the left and right high-frequency hearing and balance thresholds of
MS and control groups according to age range at a 5% significance level. In examining the factors affecting MS
disease, the data were checked for normal distribution, and the patient and healthy groups were compared by
applying sample T-test to those with normal distribution. The significance level between the variables was
accepted as statistically significant for p<0.05. The dependent variables in this study were the balance and
hearing thresholds of the right and left ears, and the independent variables were age, gender, marital status,

disease duration, etc. The results were analyzed in the IBM SPSS 22.0 statistical program.

RESULTS

The socio-demographic characteristics of the patient and control groups participating in the study are
shown in tables as supplement data. The mean age of the healthy control group participating in the study was

39.26+6.75, and the mean age of MS patients was 38.80+9.14.
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Results of pure tone hearing thresholds test

Pure tone hearing thresholds of the patient group were found to be statistically significant in the right
ear (p=0.001) and left ear (p=0.002) compared to the control group (Table 1). According to these results, hearing
thresholds were significantly increased in MS patients compared to healthy controls, indicating hearing loss.
In our study, according to the pure tone audiometry results applied to MS patients, a higher degree of hearing

loss was observed in the right ear compared to the left ear.

Table 1: Analysis Results of Pure Tone Audiometry Test Applied to Groups

Parameters | Control Group (n=15) | Patient Group (n=15) F P
Pure Tone R 6.53 +3.29 dB 21.8 +14.45 dB 21.84 dB | 0.001
Pure Tone L 8.8+3.74 dB 17.4 +12.81 dB 11.61 dB | 0.002

The data were represented as mean + standard error of mean. Differences in means were compared by sample t-test. Statistical
significance was defined as p-values of 0.05 or less. In the patient group, right (R) (p=0.001) and left (L) (p=0.002) ear hearing thresholds
were found to be statistically significant compared to the control group.

Results of ABR test

Hearing thresholds in the ABR test were found to be statistically significant in the right (p=0.001) and
left (p=0.002) ears in the patient group compared to the control group (Table 2). According to these results,
ABR thresholds were significantly increased in MS patients compared to healthy controls, indicating hearing
loss. Looking at the ABR results we applied to MS patients, we obtained higher thresholds in the right ear

compared to the left ear, indicating a greater degree of hearing loss in the left ear.

Table 2: Analysis results of ABR test applied to groups

Parameters | Control Group (n=15) | Patient Group (n=15) F p
R 20.0 +£0.001 dB HL 27.14+1423dBHL | 12.8dB | 0.001
L 20.66 + 2.58 dB HL 30.0+13.0dBHL | 11.89 dB | 0.002

The data were represented as mean + standard error of mean. Differences in means were compared by sample t-test. Statistical
significance was defined as p-values of 0.05 or less. It was observed that the right (R) (p=0.001) and left (L) (p=0.002) ear hearing thresholds
in the patient group were statistically significant compared to the control group.
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Results of VEMP test

VEMP score enables better evaluation of brainstem involvement; while also correlating well with
disability and disease duration. In the VEMP test records applied to the participants, the latencies of the
electrical waves (P1 and N1) obtained from the sternocleidomastoid (SCM muscle) were measured. The SCM
muscle is a large muscle pair located in the neck region. The SCM muscle provides neck movements and
facilitates head rotation. The right ear P1 (RP1), right ear N1 (RN1), left ear P1 (LP1) and left ear N1 (LN1)
latencies of the patient and control groups were measured. It was observed that the right P1 (p=0.05), right N1
(p=0.05) and left P1 (p=0.01), left N1 (p=0.002) wave latencies in the patient group were statistically significant
compared to the control group (Table 3). In the VEMP test, it was determined that 40% of the patients (n=12)
had delayed latency values of the P1 and N1 waves. The values of the participants in the control group were
within normal limits.

Multiple sclerosis (MS) lesions may impair VEMP responses affecting the vestibular fascicles, vestibular
nuclei and their efferents, and cerebellum all of which are all involved in relaying and processing of the
vestibular signals. These delays in the latency values of the patient waves indicate brainstem involvement,

and more delay was observed in the left ear of the patients than in the right ear.

Table 3: Analysis results of left ear vemp test applied to groups

Parameters | Control Group (n=15) | Patient Group (n=12) F P
LP1 1416 £ 1.70 ms 15.86 +5.85 ms 6.45ms | 0.01
LN1 22.94 +1.39 ms 23.75+4.62 ms 12.16 ms | 0.002
RP1 13.66 + 1.88 ms 16.90 + 5.56 ms 415ms | 0.05
RN1 23.6+1.97 ms 25.60 +£2.83 ms 3.95ms | 0.05

The data were represented as mean + standard error of mean. Differences in means were compared by sample t-test. Statistical
significance was defined as p-values of 0.05 or less. It was observed that the right P1 (RP1) (p=0.05), right N1 (RN1) (p=0.05) and left P1
(LP1) (p=0.01), left N1 (LN1) (p=0.002) latencies of wave in the patient group were statistically significant compared to the control group.

Results of VHIT test

In VHIT recordings, right anterior semicircular canal (RA), right lateral semicircular canal (RL), right

posterior semicircular canal (RP) (p<0,004), left anterior semicircular canal thresholds (LA) (n=15), left lateral

canal gains (LL), and left posterior semicircular canal gains (LP) (p<0.01) were measured. According to the
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results of the VHIT test, 27% of the patients (n=8) were seen to have gain values outside the normal range
compared to the control group (Table 4). According to VHIT test results, low channel gains in MS patients

indicate that the functions in the vestibular channels are impaired.

Table 4: Analysis Results of Right Ear VHIT Test (Anterior, Posterior, Lateral Canals)

Parameters | Control Group (n=15) | Patient Group (n=14) | F p
RA 0.90 +0.17 0.73+0.21 0.74| 0.39
RL 0.91+0.19 0.89 +0.21 0.55| 0.46
RP 1.02+0.23 0.86 + 0.35 0.10 | 0.004
LA 0.98 +0.14 0.81 +0.28 0.67 | 0.41
LL 0.90 +0.14 0.90+0.10 3.92] 0.05
LP 1.03+0.10 0.80+0.21 6.24| 0.01

The data were represented as mean + standard error of mean. Differences in means were compared by sample t-test. Statistical
significance was defined as p-values of 0.05 or less. In VHIT recordings, the mean Right Anterior (RA) values in the experimental group
were 0.73+0.21 (p=0.39), Right Lateral (RL) values were 0.89+0.21 (p=0.46), and Right Posterior (RP) values were 0.86+0.35 (p=0.004); Left
Anterior (LA) values were found to be 0.81+0.28 (p=0.41), Left Lateral (LL) values were found to be 0.90+0.10 (p=0.05) and Left Posterior
(LP) values were found to be 0.80+0.21 (p=0.01). In our study, in the VHIT test, 27% of the patients (n=8) were found to have gain values
outside the normal range.

DISCUSSION

MS is a chronic inflammatory disease affecting the central nervous system, and its etiology is unknown
(14). It is essential to equalize the variables in case-control type studies. The variables in this study were age,
gender, marital status, disease duration, hearing, and balance thresholds. These variables affect the social lives
of the patients (15). Hearing loss due to demyelination in MS patients may be of peripheral or central origin
(16). PTA was measured with a dual-channel Interacoustics AC40 Clinical Audiometer calibrated at
frequencies of 250, 500, 1000, 2000, 4000 and 6000 Hz according to the modified Hughson-Westlake ascending
method (Jerger et al., 1959) in a soundproof booth. Hearing loss was calculated separately for each pure tone
frequency stimulus, and the amount of threshold shift above the standard audiometric zero (dB HL) was also
calculated. In our study, sensorineural hearing loss was detected in 27% of the patients in the pure tone
audiometry test applied to the patients. Bilateral hearing loss was present in 23% (n=7) of 8 patients, while
unilateral sensorineural hearing loss was observed in 4%. Middle ear pressures were Type A tympanogram in

100% of patients, and acoustic reflex was obtained in all patients. In a study, according to the results of pure
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tone audiometry test and acoustic reflex test applied to 30 MS patients and 23 healthy volunteer participants,
no significant results were obtained in MS patients compared to healthy volunteers (17). In another study, case
history assessment, otoscopic examination, pure tone audiometry, and ABR testing were performed on 45 MS
patients, and it was predicted that the results could be a valid and useful measure in the evaluation of
brainstem functions and prediction of disability in MS (18). In a prospective study, ABR testing was performed
on 40 participants, and a total of 160 BERA recordings obtained from 80 ears of 40 participants were examined.
20 of these were MS patients and 20 were healthy volunteers in the control group. Significant prolongation of
wave latencies was observed in the right and left ears of patients in the MS group (19). In our study, when the
click stimulus frequency was 20 per second in the ABR applied to 30 participants in all groups, the right and
left ear thresholds were observed as 20 dB HL, and in the patient group, the hearing threshold of the right ear
was observed as 20 dB HL and the left ear as 30 dB HL. However, when we increased the click stimulus
frequency, the wave morphology in the ABR was distorted in all groups and even artifactual waveforms were
observed. cVEMP results allow assessment of brainstem involvement. VEMP are feedforward, low-latency
electromyographic responses induced by acoustic stimuli. cVEMP test activates an inhibition reflex (the
vestibulocollic reflex) that is recorded from the tonically contracted ipsilateral SCM muscle, reflecting
vestibulospinal pathway activity. This reflex arc consists of neuroreceptors of the saccular macula, inferior
vestibular nerve, lateral vestibular nucleus, medial vestibulospinal tract, and spinal cord motor neurons
supplying muscles in the neck. While the VEMP test has used for the assessment of acoustic neuroma and
peripheral vestibular disorders such as Meniere disease and vestibular neuritis, it can provide a stream of
information about brainstem function as most of the vestibulocollic reflex arc is centered in the brainstem (20).

In 2008, Zeigelboim et al. conducted a study to define vestibular abnormalities in 30 MS patients. The
study group included patients without psychological or oculomotor paresis, internuclear ophthalmoplegia or
severe visual impairment. The evaluation phase of vestibular function tests consisted of labyrinth function
and ocular tests—the results of the electronystagmography test provided information about changes in

corneoretinal potentials. Vestibular changes were observed in 86% of the patients evaluated. Bilateral
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peripheral vestibulopathy was detected in 20% of the patients, and left peripheral vestibulopathy was detected
in 17% (21).

In a study conducted with the participation of 35 adult patients, VEMP test was applied to patient and
control groups and then the results of the groups were compared. There was no significant difference between
the groups in terms of c-VEMP results, there was no significant difference between the o-VEMP results except
for N1-P1 amplitudes. When N1-P1 amplitudes were compared with controls, it was observed that they were
significantly lower (22).

vHIT can be used as a diagnostic test for brainstem lesions, so any decrease in VHIT results may predict
the onset of brainstem involvement in MS patients. Therefore, it seems necessary to include a VOR function
test during the clinical practice of MS patients (23). Our study aims to evaluate the vestibular semicircular
canal function in MS using vHIT to determine the angular vestibular reflex associated with stimulation of the
six semicircular canals. Our findings revealed that there may be VOR dysfunction in MS and that there was a
significant correlation between the VOR gains of the vertical canals and balance clinical scales.

The limitations of our study are the small number of patients, being a single-center study, and the

inability to make gender-based comparisons due to gender inequality in patient numbers.

CONCLUSION

As a result of the literature review and the data obtained from our study, significant results were
obtained for the right and left ears of MS patients to whom we applied the pure tone audiometry test. There
was evidence that it impacted these patients’ high frequency hearing sensitivity. In the ABR test, unilateral
hearing loss was observed in seven patients when the click stimulus frequency was 20 per second. When the
click stimulus frequency was 70 per second, no waveform was observed in any patient. In the VHIT test, while
the VOR gains of 9 MS patients were outside the normal limits, the VOR gains of one patient in the left lateral
canal were low. The gain values obtained in the anterior and lateral canals in the right and left ears were

statistically insignificant.
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In contrast, the posterior canal gains in the right and left ears were statistically significant. In the
VEMP test, the P1 and N1 wave latencies of 14 patients in the control group were close to normal limits,
and the wave latencies of patients were outside the normal limits. The wave latencies of 12 patients in
the patient group were delayed, and the two patients'left-side P1 and N1 waveforms were not observed.
The VEMP test showed that the left P1 and N1 waves showed statistically significant results, while the
right P1 and N1 waves showed statistically insignificant values. While the average EDSS score of the
patients in the control group according to the BDI scale was 1.13 points, the average of the patients with

MS was 4.23. More patients and more research are needed to obtain reliable results.
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ABSTRACT

Objective: This study aimed to investigate hematological indices to predict spontaneous regression in
patients with cervical disc herniation (CDH) during the initial visit to outpatient clinics.

Materials and Methods: This retrospective study was carried out at a single center by reviewing laboratory
parameters to assess the outcomes of CDH patients. The cohort consisted of patients with CDH who had
undergone surgery, those who had undergone conservative treatment and achieved spontaneous
regression, and a control group without CDH. The laboratory data consisted of the neutrophil-to-
lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), and systemic immune-inflammatory index
(SIII).

Results: Differences in the NLR, MLR, and SIII were statistically significant across groups (p<0.001).
Compared with the spontaneous regression and control groups, the surgical intervention group presented
significantly greater NLR, MLR, and SIII values. According to the comparison of the patients with CDH in
terms of the level of herniation, there were no significant differences at the C4-C5 and upper levels, whereas
there was a statistically significant increase in the NLR, MLR, and SIII in the surgical intervention group
compared with the spontaneous regression group at the C6-C7 level (p = 0.015, p<0.001, and p = 0.003,

respectively).

Conclusion: This study provides valuable insights into the use of hematological indices to predict the need
for surgical intervention in CDH patients. The observed associations emphasize their practical use,
providing a way for further research and their inclusion in routine diagnostic protocols for CDH
management.

Keywords: cervical disc herniation, inflammation, systemic immune-inflammatory index, neutrophil-to-

lymphocyte ratio, monocyte-to-lymphocyte ratio
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INTRODUCTION

Cervical radiculopathy refers to functional impairment in a specific area of the upper extremity caused
by irritation or compression of the cervical spinal nerve root. Cervical disc herniation (CDH), or cervical disc
disease, is the disturbance and displacement of the gel-like disc structure located between the cervical
vertebrae, causing compression in the spinal canal and foramina. There are 85 cases of cervical radiculopathy
per 100,000 people worldwide, and 20-25% of these cases are caused by CDH (1). Cervical radiculopathy is
more commonly observed in males, peaking between 50 and 54 years of age. Patients who have chronic pain
that is resistant to medical treatment for longer than six weeks and who also experience weakness in their
arms and legs as a result of the involvement of arm-extending nerves necessitate surgery (2). Although
spontaneous regression is a common occurrence in the lumbar area, it has also been noted to occur in the
cervical region, with a rate of approximately 40% for improving CDH (3, 4). Three mechanisms for
spontaneous regression have been described in the literature. First, the herniated portion progressively loses
water content, contracts, and withdraws into the intervertebral space. Second, the herniation is helped to
retract by the posterior longitudinal ligament, which is situated between the cartilaginous tissue and the spinal
canal. Third, when the herniation advances into the epidural region, an inflammatory reaction results in
enzymatic breakdown and phagocytosis, which slow cartilaginous tissue absorption and encourage
neovascularization. According to several recent articles, the third mechanism is more likely to be the dominant
process (5-8). The intriguing interaction of inflammatory responses resulting in enzymatic breakdown and
neovascularization are some of the proposed mechanisms that hold great promise for further investigation in
the field of spinal health research. Understanding the intricate underpinnings of these systems may provide
new insights into therapeutic targets and treatment approaches for people with such diseases.

The subparameters of the hemogram, such as the neutrophil, lymphocyte, monocyte, and platelet
counts, can be used to determine a variety of different ratios that can be used to assess inflammation and the
immune response. Hematologically calculated indices depict a wide range of immune pathways and cell
functions (9, 10). These calculated indices offer important information about the inflammatory and

immunological conditions of patients. These ratios may help with the diagnosis, prognosis, and follow-up of
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various diseases and conditions marked by altered immune responses and inflammation by revealing the
balance and interactions between various immune cell populations. As a result, the hemogram and the ratios
derived from it are extremely important in clinical practice, helping medical professionals make wise decisions
and provide individualized patient care (11, 12). The neutrophil-to-lymphocyte ratio (NLR), monocyte-to-
lymphocyte ratio (MLR), platelet-to-lymphocyte ratio (PLR), and systemic immune-inflammatory index (SIII)
are all signs of systemic inflammation in a number of diseases (13, 14).

The goal of this study was to ascertain whether the NLR, MLR, PLR, and SIII parameters might be used
to predict spontaneous regression in patients with CDH at the time of their initial admission to the

neurosurgical clinic.

MATERIALS AND METHODS

This study was designed retrospectively and conducted in a single center at Canakkale Onsekiz Mart
University Hospital. The scientific ethics committee of Canakkale Onsekiz Mart University approved the
study with a decision dated May 4, 2023, and numbered 06/16, and it was then carried out under the principles

of the Helsinki Declaration.

Patient selection

Patients with CDH who attended the neurosurgery outpatient clinics at Canakkale Onsekiz Mart
University Hospital between April 1, 2020, and April 1, 2023, made up all of the study participants over the
age of 18. Three groups of patients were formed by scanning hospital archive records. The first group consisted
of patients who underwent single-level anterior microdiscectomy due to CDH. Patients with CDH who were
eligible for single-level surgery but were unable to undergo surgery were included in the second group.
During normal follow-up, however, they exhibited spontaneous regression with medical treatment. The
control group included patients who complained of neck pain at the time of admission, had routine blood

tests, and had no evidence of CDH on cervical magnetic resonance imaging (MRI). The exclusion criteria for
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the study included those with cervical spondylosis, those with a history of previous spinal surgery, multilevel
CDH, diabetes mellitus, active infections, rheumatological conditions, cervical spondylotic myelopathy,
chronic obstructive pulmonary disease, osteoporosis, malignancy, hypertension, and cardiovascular disease.
The control group was subjected to the same exclusion criteria. The demographic details of the patients,
including age, sex, clinical findings, cause of surgery, type of surgery, and hemogram parameters, were

retrieved from the hospital's medical records.

Laboratory analysis

For the surgical intervention, spontaneous regression, and control groups, laboratory data were
gathered at the time of the patient's initial admission to the outpatient clinic without the use of any analgesics,
anti-inflammatory medications, or muscle relaxants for the management and treatment of pain. The complete
blood cells were analyzed on a Mindray BC6200 automated hematology analyzer (Mindray Biomedical
Electronics, Shenzhen, China). To determine the NLR, MLR, and PLR, the absolute neutrophil count was
divided by the absolute lymphocyte count. The same was done for the absolute monocyte cell counts by the
absolute lymphocyte cell counts, and so on for the absolute platelet cell counts by the absolute lymphocyte cell
counts. The SIII was calculated with the following formula: platelet count x neutrophil count/lymphocyte

count.

Statistical analysis

The total sample size needed to reach 80% power with a 95% confidence interval and a 0.25 effect size
was 159 cases, according to the G*Power program (v3.1.9.7). SPSS v17.0 (SPSS for Windows, Chicago, IL, USA)
and Jamovi Project v2.3 (2022) were used to carry out the statistical analyses. The Shapiro-Wilk test was used
to check whether the data distribution was normal. The median (1st quartile-3rd quartile) was used to
represent continuous data without a normal distribution, and the mean + standard deviation (SD) was used
to represent data with a normal distribution. Numbers (percentages) were used to summarize categorical

variables, and the chi-square test or Fischer's exact test was used to compare them. One-way analysis of
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variance for parametric data was used to compare the differences between groups. The homogeneity of
variances was tested with Levene’s test. Tukey’s test or the Games-Howell test was used for post hoc analysis.
Kruskal-Wallis and Dwass—-Steel-Critchlow—Fligner pairwise comparisons were used for nonparametric data.
Independent sample t tests or Mann-Whitney U tests were used to compare the surgical intervention and
spontaneous regression groups according to the level of herniation. The cutoff values of the NLR, MLR, and
SIII were detected via receiver operating characteristic (ROC) analysis, and the area under the curve (AUC)
values were calculated. The effect size was calculated for the identified differences in the analyses and
interpreted according to Cohen's (1988) classification. A p value of less than 0.05 was used to indicate statistical

significance.
RESULTS

Table 1. Demographic results of participants

Variable Surgical intervention | Spontaneous regression | Control .
(n=64) (n=64) (n=65) | PVAlue
Age, years 47 (42-57) 44 (39-50) 43 (38-52) | 0.054
Gender 0.851
Female, n (%) 31 (48.4%) 34 (53.1%) 32 (49.2%)
Male, n (%) 33 (51.6%) 30 (46.9%) 33 (50.8%)
Level of herniation 0.741
C3-C5**, n (%) 11 (17.2%) 12 (18.8%)
C5-C6, n (%) 32 (50.0%) 35 (54.7%)
C6-C7, n (%) 21 (32.8%) 17 (26.6%)

*p<0.05 was considered significant. **C3-C5 represents C3-C4 and C4-C5 levels of herniation. Continuous data was expressed as
the median (1st quartile-3rd quartile). Categorical data was expressed as number (percentage).

There were 64 (33.2%) patients who underwent surgery for CDH in the surgical intervention group,
and the same quantity was true in the spontaneous regression group. The control group consisted of 65 (33.6%)
patients. Among the participants, 96 (49.7%) were male. Among the males, 33 (51.6%) were in the surgical
intervention group, 30 (46.9%) were in the spontaneous regression group, and 33 (50.8%) were in the control
group. All the patients with CDH presented with single-level herniation. Tables 1 and 2 present participant

demographics along with laboratory findings.
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Table 2. Test results of participants in surgical treatment, spontaneous regression, and control groups

Surgical Spontaneous Effect

Parameters intervent?on (n=64) reglI')ession (n=64) Control (n=65) p value size**
NLR 2.42+0.79 1.95+0.57 1.93+0.44 <0.001 0.120
MLR 0.27 (0.21-0.34) 0.20 (0.17-0.23) 0.19 (0.17-0.22) <0.001 0.274
PLR 126 (103-159) 123 (105-148) 130 (106-157) 0.574 0.009
SIII 630+156 541+193 522+159 <0.001 0.073

*p<0.05 was considered significant. ** 11> was used for effect size. 12 results represented 0.14 large, 0.06 medium and 0.01 small
effects. Normally distributed data was expressed as the mean + standard deviation. Non-normally distributed data were expressed as the
median (Ist quartile-3rd quartile). NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; SIII, systemic immune-inflammatory index
The NLR, MLR, and SIII were significantly different (p<0.001) between the groups, whereas the PLR did not
differ between the groups (p=0.574). A moderate effect size was observed for the NLR and SIII, whereas a large
effect size was observed for the MLR. The differences in the NLR, MLR, and SIII between the spontaneous
regression group and the control group were not statistically significant (p=0.971, p=0.831, and p=0.804,
respectively). Compared with those in the spontaneous regression group, the NLR, MLR, and SIII in the
surgical intervention group were significantly greater (p<0.001, p<0.001, and p=0.009, respectively). The NLR,

MLR, and SIII were significantly greater in the surgical intervention group than in the control group (p<0.001)

(Figure la-c).
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Figure 1. (a)Neutrophil-to-lymphocyte ratios in the surgical treatment, spontaneous regression and control groups, (b)
Monocyte-to-lymphocyte ratios in the surgical treatment, spontaneous regression and control groups, (c) Systemic
immune inflammatory index in the surgical treatment, spontaneous regression and control groups
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When the surgical intervention and spontaneous regression groups were compared according to the level of
herniation, no statistically significant difference was observed in any parameter at the C4-C5 and upper levels
(p<0.05). When the two groups were compared at the C5-C6 level, the surgical intervention group had
significantly greater NLRs and MLRs (p=0.002, and p<0.001, respectively). At the C6-C7 level, compared with
those in the spontaneous regression group, the NLR, MLR, and SIII in the surgical intervention group were
significantly greater (p=0.015, p<0.001, and p=0.003, respectively) (Table 3). The ROC analysis revealed that the
NLR cutoff value for predicting surgery was 2.51, with an AUC of 0.683 (95% CI 0.600-0.767) and values of
43.8% for sensitivity, 87.6% for specificity, 63.6% for positive predictive value (PPV), and 75.8% for negative
predictive value (NPV). The MLR had a cutoff value of 0.25 and an AUC of 0.778 (95% CI 0.704- 0.852), with a
sensitivity of 57.8%, a specificity of 89.9%, a PPV of 74%, and an NPV of 81.1%. A cutoff value of 447 with a
sensitivity of 92.2%, a specificity of 35.7%, a PPV of 41.5%, and an NPV of 90.2% was found for SIII (AUC=0.658,
95% CI 0.581- 0.736). The findings of the ROC curve analysis are summarized in Table 4, and Figure 1(c)

illustrates the ROC curve analysis of the NLR, MLR and SIII for predicting surgical intervention.

Table 3. Test results of the patients in surgical treatment and spontaneous regression groups according to

herniation level

Parameters | Herniation level | Surgical intervention | Spontaneous regression | p value’
NLR C3-C5~ 2.05 (1.79-2.30) 2.09 (1.80-2.31) 1.000
C5-C6 2.40+0.59 1.97+0.54 0.002
C6-C7 2.52 (1.75-3.48) 1.76 (1.33-2.15) 0.015
MLR C3-C5™ 0.22 (0.19-0.25) 0.22 (0.17-0.26) 1.000
C5-C6 0.28+0.08 0.19+0.05 <0.001
C6-C7 0.32 (0.22-0.36) 0.21 (0.20-0.23) <0.001
PLR C3-C5" 124 (108-136) 111 (105-136) 0.712
C5-C6 121 (103-150) 122 (103-145) 0.821
C6-C7 138 (109-169) 126 (107-156) 0.411
SIII C3-C5™ 615 (511-685) 595 (516-668) 0.880
C5-C6 628+162 551+199 0.087
C6-C7 647 (552-720) 453 (346-672) 0.003

“p<0.05 was considered significant. “C3-C5 represents C3-C4 and C4-C5 levels of herniation. Normally distributed data was expressed as
the mean + standard deviation. Non-normally distributed data were expressed as the median (1st quartile-3rd quartile). NLR, neutrophil-
to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SIII, systemic immune-inflammatory index
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Table 4. ROC analysis of NLR, MLR and SIII to predict the surgery indication at first admission

Parameters | Cutoff | AUC | 95% CI Sensitivity | Specificity | PPV | NPV | p value
NLR 2.51 0.683 | 0.600-0.767 | 43.8% 87.6% 63.6% | 75.8% | <0.001
MLR 0.25 0.778 | 0.704-0.852 | 57.8% 89.9% 74.0% | 81.1% | <0.001
SIII 447 0.658 | 0.581-0.736 | 92.2% 35.7% 41.5% | 90.2% | <0.001

ROC, reciever operating characteristics; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; SIII, systemic
immune-inflammatory index; AUC, area under curve; CI, confidence intervals; PPV, positive predictive value; NPV, negative predictive
value

Source of the Curve
NLR (Neutrophil Lymphocyte Ratio)
MLR (Monocyte Lymphocyte Ratio)
Slll {Systemic Immun Inflammatory Index)
Reference Line

00 02 04 0s 0B 10

1 - Specificity

Figure 2 Receiver operating characteristic curves of the neutrophil-to-lymphocyte ratio, monocyte-to-lymphocyte ratio,

and systemic immune-inflammatory index

DISCUSSION

This study provides valuable insights into the potential clinical usefulness of inflammatory markers,
particularly the NLR, MLR, and SIII, in determining the most suitable treatment approach for CDH. This study
aimed to investigate noninvasive and easily accessible biomarkers that could assist in predicting the clinical
outcomes of CDH, particularly in determining the necessity of surgical intervention or the option of medical
follow-up. In accordance with the currently available literature, this study is the first to investigate
hematological indices to predict spontaneous regression in CDH patients.

The pathogenesis of numerous spinal disorders involves inflammation to varying degrees. Although

previously believed to be primarily mechanical or degenerative, inflammation is also present in conditions

431



L
W w n

MEANDROS

MEDICAL AND DENTAL JOURNAL Meandros Medical and Dental Journal
December 2024 (4):424-435 doi: 10.69601/meandrosmdj. 1559114

such as disc herniation (15). Although inflammation has historically been thought of predominantly as
detrimental and linked to the evolution of the disease, it is still unclear whether it is a cause or an effect of
intervertebral disc degeneration and herniation. As recently proposed for other tissues, restoring
intervertebral disc degeneration function may necessitate a balanced inflammatory response (16, 17). Induced
degenerative discs release proinflammatory chemokines, chemokine ligand 5, and chemokine ligand 6.
Chemokine ligand 5 has been associated with discogenic back pain (18). Xue et al. compared 34 patients with
lumbar disc herniation (LDH) and 20 healthy controls and reported that LDH patients had significantly
elevated serum levels of interleukin (IL)-21 and IL-17 compared with healthy controls. Disc tissues from
individuals with LDH exhibited elevated expression levels of IL-21, IL-17, and cyclooxygenase-2 (19). Kang et
al. revealed that the levels of nitric oxide, IL-1, IL-6, and tumor necrosis factor alpha were significantly greater
in the cervical disc tissues of patients suffering from discogenic neck pain than in those of symptomatic and
healthy controls (20).

However, the process of testing these markers is more complex, costly, and uncommon for use daily. In
contrast, we used SIII, NLR, and MLR values calculated from hemogram tests in our study to measure
inflammation in CDH patients. The distinct patient groups presented significant differences in the NLR, MLR,
and SIII, indicating the potential value of these inflammatory markers in identifying CDH-related variations.
The effect size analyses, which range from moderate to high, highlight the robustness of these associations
and emphasize their clinical importance. Group comparisons between surgical intervention and spontaneous
regression, as well as between surgical intervention and control groups, revealed specific patterns in these
inflammatory markers. In contrast to the spontaneous regression and control groups, the surgical intervention
group presented notable increases in the NLR, MLR, and SIII. Upon eliminating potential inflammatory
diseases, the NLR and MLR had specificities of over 87% for both indices at the optimal cutoff values for
predicting surgical intervention, as determined by ROC analysis. Despite the low specificity of SIII, it exhibited
a sensitivity of 92.2%. These results imply that these markers may serve as indicators necessitating surgical

intervention, offering clinical decision-makers useful information at initial patient admission.
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Several studies have investigated the relationships between inflammatory biomarkers and LDH in the
literature. Yilmaz et al. recently reported that the NLR was a standalone predictor in patients with LDH and
low back pain (21). Similarly, a study by Bozkurt et al. revealed that patients with LDH had more pain before
and after surgery, especially when their NLRs were higher, which is a known sign of inflammation (22). In
contrast to controls, Sugimori et al. reported that patients with LDH had significantly higher mean levels of
high-sensitivity CRP. Notably, they reported no discernible association between the level of herniation in
question and high-sensitivity CRP levels (23).

Studies examining CDH and inflammation, however, are relatively uncommon. Previously, 126
individuals with neck pain were examined, and particular characteristics were identified in patients with CDH.
The CDH group presented significantly greater leucocyte counts, neutrophil counts, NLRs, and C-reactive
protein (CRP) levels than did the normal cervical MRI patients with neck pain and healthy controls. Notably,
multilevel CDH patients had a significantly greater NLR than controls did. These results suggest a link
between the development of CDH and the inflammatory response. Higher NLRs and CRP levels may act as
warning signs and prompt early protective measures against disc degeneration and CDH. The importance of
these inflammatory markers in understanding and perhaps lowering the risk of CDH is emphasized by the
few comparable studies that have been carried out (24). Our study differs from other previously published
studies in that it makes comparisons on the basis of the CDH level. The lack of significant differences at the
C4-C5 and upper levels and the distinct variations at the C5-C6 and C6-C7 levels highlight the importance of
considering specific anatomical locations in the assessment of CDH. These results suggest that herniation at
C4-C5 and upper levels is most likely related to a mechanical or degenerative etiology, whereas herniation at
lower levels is likely to have an inflammatory etiology.

The study's limited sample size and retrospective approach were the primary limitations. Even though
we excluded patients with acute and chronic inflammatory diseases from the study during the patient
selection process, the study's findings might have been impacted by an inflammatory condition that the patient

may have had but did not disclose in the archived records. Another drawback of this study was the lack of
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access to postoperative follow-up tests to examine the status of systemic inflammatory responses in CDH

patients in the surgical intervention and spontaneous regression groups.

CONCLUSION

This study offers critical new understanding of the diagnostic potential of inflammatory markers,
particularly the NLR, MLR, and SIII, in determining whether surgical intervention in CDH patients is likely.
These markers are candidates to become helpful parameters in clinical decision-making and provide clinicians
with more tools to customize patient care in the context of CDH. Although more research is necessary to
validate and improve these findings, the observed associations highlight their clinical relevance and suggest

potential integration into routine diagnostic protocols for CDH management.
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ABSTRACT

Objective: This study aimed to determine the carriage of transferable integron-associated drug resistance in
Escherichia coli (E. coli) strains isolated from blood cultures.

Materials and Methods: A total of 111 E. coli isolates were included in this study. Antimicrobial
susceptibility testing of the isolates against 17 antibiotics was performed using an automated microbiology
system. Integron-specific polymerase chain reactions (PCR) were used to detect the presence of integrons.
The antibiotic resistance gene cassettes in the variable regions of integrons were analyzed by DNA
sequencing. Plasmid transfer assays were performed using the broth mating method. The clonal
relationships among integron-carrying strains were evaluated by pulsed-field gel electrophoresis (PFGE).
Results: Resistance rates to antibiotics ranged from 0.9% to 63%. Thirty-eight strains carried gene cassettes
encoding dfrA7, dfr17-aad A5, dfrV, dfrAl-aadAl, and dfrA12-aadA2. Seven strains possessed class 2 integrons
with gene arrays dfrAl-sat2-aadA1 and dfrAl-sat2-aad A30. Twenty-two integron-carrying isolates harbored
conjugative resistance plasmids, three of which were identified as belonging to the IncN group. Two strains
with class 1 integrons, isolated from different clinics, exhibited similar patterns in the PFGE analysis.
Conclusion: Approximately 50% of E. coli isolates from blood cultures at our hospital were found to carry
integron-associated transferable drug resistance, suggesting their potential role in the horizontal
dissemination of resistance genes. Further research is needed to understand the prevalence of E. coli strains

of blood origin and the role of integrons and gene cassette arrays in the spread of resistance.
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INTRODUCTION

Bloodstream infections (BSIs) are among the most significant nosocomial infections, contributing to
increased mortality and morbidity due to rising antimicrobial resistance (1). Escherichia coli, an opportunistic
pathogen, is capable of causing a wide range of infections, from from those in the gastrointestinal tract to
extraintestinal infections, such as those affecting the central nervous system, urinary tract, and bloodstream.
Globally, it is a leading cause of bloodstream infections and exhibits resistant to many drugs (2). While most
bacterial infections are treatable with antibiotics, E. coli and other pathogens can rapidly develop antibiotic
resistance, making infections more difficult to manage and potentially life-threatening (3). The excessive and
inappropriate use of antimicrobials accelerates the emergence and spread of resistance. Therefore, the timely
and effective use of antimicrobial drugs is essential in preventing resistance (4). Bacteria can develop resistance
to antibiotics through genetic mechanisms involving mobile genetic elements (MGEs), such as plasmids,
transposons (Tn), insertion sequences (IS), and integrons. Integrons, especially those located on plasmids or
transposons, play a critical role in disseminating antimicrobial resistance genes, particularly in gram-negative
bacteria. These integrons carry drug-resistant genes and facilitate the exchange of genetic elements. They are
classified based on the sequence of intl gene, with classes 1 and 2 being the most prevalent (5).

The class 1 integrons consist of two conserved regions namely 5' (5'CS) and 3' (3'CS), and a variable
region (VR) containing gene cassettes. The 5'CS includes the integrase gene (intl), which encodes the tyrosine
recombinase enzyme, the recombination site (attl), and a promoter (P) region involved in the expression of
inserted genes or gene cassettes. The 3'CS contains the defective quaternary ammonium resistance gene
(qacEA1) and the sull gene, which mediates resistance to sulfonamides. The variable region, located between
these two conserved regions, contains the attC site, where various antibiotic resistance cassettes are integrated
via recombination. Unlike class 1 integrons, class 2 integrons lack sul genes and typically include resistance
gene cassettes such as dfrAl, sat2, and aadAl, which confer resistance to aminoglycosides and
sulfamethoxazole (6).

Although several studies in Turkey have investigated integron-associated drug resistance in E. coli

isolates from urine samples (7, 11), very few reports are available (12) on the E. coli isolates from blood samples.
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This study aimed to identify transferable integron-associated drug resistance in E. coli strains isolated from

patients in various clinics.

MATERIALS AND METHODS

Sampling, isolation and identification of bacterial strains

A total of 111 E. coli strains were isolated from hospitalized patients at Karadeniz Technical University's
Medical Microbiology Laboratory between January and December 2014. The bacterial strains were cultured
using 5% sheep blood agar and EMB agar. Conventional biochemical methods and MALDI-TOF MS

(Microflex™, Bruker, Germany) were employed to confirm species-level identification.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed using the Phoenix ID/AST automated microbiology
system (Becton Dickinson Diagnostic Instrument Systems, Sparks, MD, USA), following the manufacturer's
instructions. Antibiotic susceptibility test results were interpreted according to Clinical and Laboratory
Standards Institute (CLSI) criteria. The isolates were tested for the following antibiotics: amikacin (AK),
ampicillin/sulbactam (SAM), aztreonam (ATM), cefazolin (CZ), cefepime (FEP), cefoperazone/sulbactam
(CES), cefoksitin (FOX), ceftazidime (CAZ), ceftriaxone (CRO), ciprofloxacin (CIP), ertapenem (ERT),
gentamicin (CN), imipenem (IPM), levofloxacin (LEV), meropenem (MEM), piperacillin tazobactam (TZP) and
trimethoprim/sulfamethoxazole (SXT). The susceptibility of isolates containing class 1 and class 2 integrons
was determined using the disc diffusion method in accordance with CLSI criteria (13). Antibiotic discs (Oxoid,
UK) containing ampicillin (10 pg), streptomycin (10 ug), tetracycline (30 pg), nalidixic acid (30 pg), and

chloramphenicol (30 pg) were used for this purpose.
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DNA isolation

DNA templates for polymerase chain reaction (PCR) were prepared using a modified boiling method
based on the protocol by Perez et al (14). After washing, the supernatant was used as the DNA template for

PCR analyses.

Detection of integron gene cassettes and integrase genes

To detect integron gene cassettes in E. coli isolates, specific primers were used: For class 1 integrons:
intl-1F (GGTCAAGGATCTGGATTTGG) and intl-1R (ACATGCGTGTAAATCATCGTC). For class 2 integrons:
intl-2F (CACGGATATGCGACAAAAAGGT) and intl-2R (GTAGCAAACGAGTGACGAAATG). To amplify
the variable regions of the integrons, the following primers were used: For class 1 integrons: 5'-CS
(GGCATCCAAGCAGCAAG) and 3-CS (AAGCAGACTTGACCTGA). For class 2 integrons: hep51
(GATGCCATCGCAAGTACGAG) and hep74 (CGGGATCCCGGACGGATGCACGATTTGTA). PCR reaction

conditions and compositions followed previously described methods (15).

DNA sequencing and data analysis

PCR products from class 1 and class 2 integrons were purified using the High Pure PCR Clean-up Micro
Kit (Roche, Germany). Cloning was performed with the pGEM-T Easy Vector System (Promega, USA) and T4
DNA Ligase enzyme, following the manufacturer's guidelines as described by Sambrook et al. (16). After
incubation, blue-white colony screening was used for selection. Plasmid DNA from selected white colonies
was isolated using the alkaline lysis method (17). Recombinant plasmids carrying amplicons of class 1 and
class 2 integrons were sequenced on an ABI 3130 Genetic Analyzer (Applied Biosystems, USA) using SP6 and
T7 promoter primers. DNA sequence data were analyzed using BLAST (http://www.ncbi.nlm.nih.gov/BLAST)
and CLUSTALW?2 (http://www.ebi.ac.uk/Tools/msa/clustalw2) for sequence alignment and comparisons

(18).
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Conjugation experiment

Transfer experiments of plasmids from integron-containing isolates were performed based on the broth
mating principle, which was previously described (19). Escherichia coli isolates containing integrons were used
as donors, and E. coli J53-2 (met pro RifR) as the recipient cells. Broth cultures of both donor and recipient were
mixed in equal volumes (1:1) and incubated for 20 hours at 37°C without shaking. Transconjugants were
selected on LB agar supplemented with rifampicin (300 pug/mL), to which the recipient cells are resistant, and

either trimethoprim (25 pg/mL) or streptomycin (100 pg/mL) to which the donor cells are resistant.

Isolation of plasmid DNA

A colony was picked from transconjugant plates and sub-cultured in 3 mL of LB broth at 150 rpm
shaking at 37°C for 16-18 hours. A 1.5-ml aliquot of the overnight culture was centrifuged at 12,000 rpm to
pellet the bacteria. The cells were lysed, and plasmid DNA was isolated using the standard alkali-lysis method.
Finally, the pellet was dried at 37°C and resuspended in 30-40 pl of 1X TE buffer containing 0.5-1 pug/mL of

RNase. Plasmid DNA was analyzed by electrophoresis, and visualized under a UV transilluminator (20).

PCR-based replicon typing
To identify the incompatibility (Inc) groups that contribute significantly to the dissemination of
resistance genes, plasmids isolated from transconjugants were subjected to replicon typing using specific

primers as described by Gotz et al. (21).

Pulsed-field gel electrophoresis (PFGE)

Clonal relationship among 58 E. coli isolates containing integrase genes (intl-1 and intl-2) belonging to
class 1 and class 2 integrons were determined using the PFGE method, with modifications based on the studies
of Durmaz et al. (22). PFGE was performed with the CHEF DR-III (Bio-Rad, USA) system using a 1% ultrapure

agarose gel in 2L of 0.5X TBE. The gel was stained in a solution containing 10 mg/mL ethidium bromide for 30
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minutes. Gel visualization and photography were conducted using the VersaDocTM system, and images were

analyzed with Gel] software, version 2.

Statistical analysis
Statistical analyses were performed using Pearson’s Chi-square test and Fisher’s Exact test with the
Statistical Package for the Social Sciences (SPSS) version 23 for Windows. A p-value of < 0.05 was considered

statistically significant.

RESULTS

Antimicrobial resistance phenotypes of E. coli isolates
Antimicrobial susceptibility tests for 111 E. coli isolates from blood cultures were performed using the

Phoenix™ 100 device. The resistance rates of the isolates to 17 antibiotics are shown in Figure 1.
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Figure 1. Total antimicrobial resistance rates of 111 clinical Escherichia coli isolates.

The highest resistance percentage was observed for SAM 63% (n=70), while the lowest was for ERT 0.9% (n=1).
Resistance rates to other antibiotics were as follows: ATM 44.1% (n=49), CZ 58.5% (n=65), FEP 40.5% (n=45),
CES 22.5% (n=25), FOX 18.1% (n=20), CAZ 36% (n=40), CRO 48.6% (n=54), CIP 36% (n=40), CN 25.2% (n=28),
LEV 35.1% (n=39), TZP 18.9% (n=21), and SXT 54% (n=60). None of the isolates was resistant to AK, IPM, and

MEM (Fig. 1). In a subset of 45 E. coli isolates with class 1 and class 2 integron gene cassettes, tested using the
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disc diffusion method, resistance to ampicillin, streptomycin, and tetracycline was found to be 66.6% (n=30),
while resistance to nalidixic acid was 64.4% (n=29). The lowest resistance rate was 26.6% (n=12) for

chloramphenicol (Figure 2).
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Figure 2. Total antimicrobial resistance rates of E. coli isolates containing class 1 and class 2 integrons.

Statistical analysis revealed significant differences in antimicrobial resistance between strains with and
without class 1 and class 2 integrase genes for SAM, ATM, CZ, FEP, CAZ, CRO, CIP, and SXT (p<0.05).
However, no significant differences were observed for CES, FOX, ERT, CN, LEV, and TZP antibiotics (p>0.05).

Statistical analysis could not be conducted for AK, IPM, and MEM, as no resistant strains were found in either

group.

PCR for integrons

A total of 111 E. coli isolates were screened for the presence of class 1 and class 2 integrase genes. Of these, 51
isolates (46%) were positive for class 1 integrase, and seven isolates (%6) were positive for class 2 integrase.
PCR analysis of the variable region of class 1 integrons showed that 38 isolates (34%) contained class 1
integrons, while 13 isolates (11.7%) carried empty integrons. Class 2 integrons were detected in 7 isolates (6%)
(Supplementary Table 1). Gene cassette arrays of 45 E. coli isolates with integrons were determined by DNA
sequencing. Among 27 of the 38 isolates with class 1 integrons, five gene cassette arrays were identified:

dfrA7, dfr17-aadA5, dfrV, dfrAl-aadAl ve dfrAl12-aadA2, associated with trimethoprim and streptomycin-
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spectinomycin resistances. These arrays ranged from 800-1800 bp in length. Gene cassette arrays could not be
sequenced for 11 class 1 integrons due to technical difficulties of the unknown nature (TEC002, TECO005,
TECO010, TEC015, TEC020, TEC043, TEC055, TEC057, TEC072, TEC078 and TEC091). For the seven isolates
with class 2 integrons, two gene cassette arrays were identified: dfrAl-sat2-aadAl and dfrAl-sat2-aad A30,
approximately 2500 bp in length. Sequencing was unsuccessful for three class 2 integrons (TEC012, TEC033,

TECO081) (Supplementary Table 1).

Conjugation experiments

Plasmid transfer studies were executed on 45 E. coli isolates with integrons. Among these, 22 isolates (48.8%)
carried conjugative plasmids larger than 100 kb. Conjugation frequency ranged from 10 to 10%.
Transconjugants were validated genotypically using previously established PCR methods. PCR assays
revealed that three plasmids (pTEC010, pTEC015 and pTECO075) belonged to the IncN group. No Inc P, IncQ,

or IncW group plasmids were detected in any of the transconjugants (Supplementary Table 1).

Pulsed-field gel electrophoresis analysis

PFGE dendrogram analysis of 50 E. coli strains with integrons, their antibiotic resistance patterns, and sources
shown in Figure 3. These strains were divided into 39 distinct groups, some of which were further subdivided
into subgroups (A, B, C). Eleven subgroups (4, 7, 9, 10, 12, 13, 14, 16, 25, 35, 37) showed similarity rates above
80%. Subgroups 13 showed similarity rates exceeding 90%. Notably, strains TEC010 and TEC015 all carrying
class 1 integrons, demonstrated high clonal similarity despite significant differences in their clinical origins
and antibiotic resistance patterns. Eight strains were excluded from the analysis because the DNA pattern

quality obtained as a result of PFGE experiments was not sufficient for dendrogram analysis.
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Figure 3. Dendogram analysis of E. coli isolates containing class 1 and class 2 integrons

DISCUSSION

Infections caused by Gram-negative bacteria, such as septicemia, are significant contributors to
mortality and morbidity. The isolation of bacteria, particularly from blood cultures, often indicates a severe
invasive infection requiring immediate antimicrobial therapy. Among these, E. coli is one of the most
commonly isolated pathogens from blood cultures. The World Health Organization (WHO) has identified E.
coli as a priority pathogen of concern due to its role in the global development of antimicrobial resistance,
especially infections affecting the blood and urinary tract. Antibiotic resistance presents a considerable
challenge to public health. Accurate detection of resistant bacteria and determination of antimicrobial
resistance, particularly in clinical laboratories, are therefore essential for enabling clinicians to administer

effective antibiotic treatments (23, 24).
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In our study, the antibiotic resistance patterns of E. coli from blood cultures were analyzed against 17
different antibiotics. Resistance rates were highest against SAM, CZ, CRO, and SXT, as also reported in the
previous studies (25, 26). As a matter of fact, these antibiotics have historically been used extensively in the
empirical treatment of sepsis and other infections (23). Our findings align with those of Kreidl et al. (27), who
reported resistance rates of 71.8% against aminopenicillins and 37.5% against CIP. Furthermore, all E. coli
isolates in our study were sensitive to AK and carbapenems (IPM and MEM), consistent with findings by
Anvarinejad et al. (28).

Timely and accurate diagnosis and treatment are essential for mitigating the severe effects of sepsis and
reducing mortality. Identifying common bacterial pathogens and their resistance patterns is crucial for guiding
appropriate antimicrobial therapy. Ampicillin, nalidixic acid, SXT, and tetracyclines, widely used in both
clinical and veterinary medicine (28), showed significant resistance in this study. Notably, strains with class 1
and class 2 integrons exhibited the highest resistance rates. These classes of integrons contain genes conferring
resistance to trimethoprim and streptomycin. Class 1 integrons, in particular, harbor the sul1 gene encoding
sulfonamide resistance adjacent to the 3'-conserved region (29). Integrons are genetic elements that facilitate
the capture, insertion, and exchange of antibiotic resistance gene cassettes, thereby playing a significant role
in the dissemination of resistance genes, particularly among Gram-negative bacteria (30). The high prevalence
of trimethoprim and streptomycin resistance in this study are thought to be resulted in the integrons
containing various antibiotic gene cassette arrays.

Multidrug resistance in Enterobacterales is often associated with antimicrobial resistance genes carried
by integrons (31). In Tiirkiye, numerous studies have focused on integrons in bacteria from clinical (32), animal
(33), and aquatic (34) sources. Although there are some epidemiological studies in clinical bacteria, especially
in urine samples (9), research on the molecular characterization of E. coli strains from blood samples remains
limited. In this study, 46% (111/51) of isolates carried the int/1 gene, with 38 isolates (34%) containing class 1
integrons, and 13 isolates (11.7%) having empty integrons. Additionally, 6% (111/7) of isolates carried the intI2

gene, and all of these belong to class 2 integrons.
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The frequency of the intI1 gene (34%) observed in this study is comparable to findings by Liu et al. (35)
(41.33%) but lower than results reported by Abdel-Rhman et al. (36) (98.33%) and Liu et al. (35) (67.39 %). The
lower prevalence of class 1 integrons may be attributed to alternative resistance mechanisms, such as of beta-
lactamase enzyme production, efflux pumps overexpression, reduced bacterial outer membrane permeability,
and intrinsic resistance factors (37). Class 2 integrons were identified at a rate of 6%, consistent with Ahumado-
Santos et al. (38), who reported a low prevalence (1.4%).

The predominance of class 1 integrons over class 2 integrons in our isolates is consistent with another
study (11). Empty integrons found in 13 isolates may represent bacteria containing empty integrons are
probably due to the presence of a very large gene cassette and the inability to amplify these gene cassettes (39,
40) .We believe that the presence of empty integrons in bacteria could make these isolates have the potential
to become multi-drug resistant by capturing antibiotic resistance genes from other bacteria in the hospital
environment and spreading to the other bacteria of both commensal and clinical origin.

The presence of dfrA genes encoding trimethoprim resistance and aad/aac genes encoding
aminoglycoside resistance has been widely reported (41, 42). Gene cassette arrays such as dfrAl, dfrA5, aadAl,
and aadA5 are common in clinical bacteria, as reported by Cicek et al. (8) and Sandalli et al. (7). The
dfrAl17/aadA5 gene array, which confers resistance to trimethoprim and streptomycin, is often plasmid-
mediated and associated with the proliferation of resistant bacterial isolates in clinical settings (43). In our
study, 22 isolates (48.8%) containing class 1 and class 2 integrons harbored conjugative plasmids (>100 kb)
confirmed through mating assays. These plasmids, particularly of the IncP and IncN groups, are known for
their broad host range and role in spreading multidrug resistance in clinical settings (44).

The clonal relationships of integron-containing E. coli isolates were evaluated using PFGE. While PFGE
effectively differentiated subgroups, it showed limited correlation with antibiotic resistance profiles,
suggesting the influence of other genetic factors. Notably, isolates from different clinical origins and resistance
profiles exhibited over 90% similarity in PFGE analyses, while clonally unrelated isolates from the same source
displayed similar resistance profiles (Fig. 3). Also, TEC078 and TEC087 isolates, which were isolated from the

same clinical source and had almost the same antibiotic resistance profiles, were determined as clonally
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unrelated in different branches. As a result, PEGE patterns determined in E. coli isolates containing integrons

and similar gene cassettes showed little clonal association.

CONCLUSION

This study is among the few to investigate the prevalence of integrons in E. coli isolates from blood
samples in Tiirkiye. The transfer of antibiotic resistance genes via integrons and plasmids poses significant
challenges for managing infectious diseases. Continuous surveillance of antimicrobial resistance in invasive E.
coli isolates is essential to monitor trends and guide effective treatment strategies. Understanding the
mechanisms of resistance, including the role of integrons, can inform the development of targeted
antimicrobial therapies. Further research is needed to explore the interplay between integrons, gene cassette

arrays, and resistance mechanisms in bloodstream infections.
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ABSTRACT

Objective: To evaluate the thiol/disulphide homeostasis and level of vascular endothelial growth factor
(VEGF) in saliva of patients with type 1 diabetes mellitus and gingivitis.

Materials and Methods: Forty children with type 1 diabetes mellitus (DM) and 40 systemically healthy (H)
children were included the study. Based on children” periodontal and systemic health status, they were
divided into four subgroups: 1) systemically and periodontally healthy subjects (Hh), 2) systemically healthy
subjects with gingivitis (Hg), 3) diabetic subjects with periodontal health (DMh), 4) diabetic subjects with
gingivitis (DMg). Probing depth (PD), gingival index (PI) and plaque index (PI) were recorded. An
automated technique was used to measure the thiol/disulphide homeostasis parameters, and ELISA was
used to measure the VEGF concentrations in unstimulated whole saliva.

Results: DM and H groups had comparable clinical periodontal parameters and salivary VEGF levels
(p>0.05). GI, PI, PD, and disulphide amounts were significantly higher in the gingivitis subgroups (Hg and
DMg) than in the periodontally healthy subgroups (Hh and DMh) (p<0.001). The gingivitis subgroups (Hg
and DMg) had significantly higher amounts of VEGF compared to the periodontally healthy subgroups (Hh
and DMh) (p<0.001).

Conclusions: Thiol/disulphide homeostasis shifts towards disulphide direction in diabetic children with
gingivitis. Thiol/disulphide homeostasis and VEGF levels in saliva may be diagnostic markers of gingival
inflammation.

Keywords: Saliva, gingivitis, diabetes mellitus, oxidative stress
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INTRODUCTION

Type 1 diabetes mellitus (T1IDM) occurs from autoimmune destruction of pancreatic beta cells, resulting
to the loss of insulin production and hyperglycemia, and it is frequently recognized in children and young
adults (1). An increase in cytokine release, impaired antioxidation and damage caused by reactive oxygen
species (ROS) in beta cells act in its pathogenesis (2).

Thiols are organic compounds that take part in the elimination of ROS via nonenzymatic pathways.
They contain succinyl groups, which are made up of a sulfur atom and a hydrogen atom bonded to a carbon
atom. An increase in ROS induces oxidation of sulfur atoms and the constitution of covalent bonds between
sulfur atoms, resulting in disulfide conversion. The generated disulphide linkages can be reduced to thiol
groups, hence preserving thiol/disulphide homeostasis (3,4). Thiol/disulphide homeostasis is required for
detoxification and includes the following parameters: native and total thiol; disulphide; and disulphide/native
thiol, disulphide/total thiol, and native thiol/total thiol ratios (3,4). These parameters have been investigated
as oxidative stress markers in a variety of degenerative disorders, including obesity, coronary heart disease,
respiratory diseases, Alzheimer's disease, slow coronary flow, type 1 diabetes mellitus, and periodontal
pathologies (5-7). Durmus et al. (8) found that oxidative damage in pancreatic (3-cells caused a shift in
thiol/disulphide balance in diabetic children, favoring disulphide.

Gingivitis is a common inflammatory disease that affects solely the soft tissues around the teeth during
childhood and adolescence (9). The early detection and treatment of gingivitis are crucial because the
degradation of periodontal tissues can result in tooth loss if treatment is not received (10). The inflammatory
response and oxidant/antioxidant balance is a critical factor in the development of diabetes and periodontal
disease, which are both chronic pathological situations that are related by numerous underlying biological
mechanisms (11). Increased production of ROS in periodontal tissues of diabetic individuals leads to
development of insulin resistance that inhibits cell proliferation and angiogenesis in the periodontal tissues.
There are many studies showed that the diabetic children are more prone to have periondontal diseases

compared to healty controls (12,13).
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Vascular endothelial growth factor (VEGF) is a multifunctional biomarker that stimulates microvascular
permeability and acts as an endothelial cell mitogen (14). It has been shown to act as an serious role in the
pathogenesis of growth of tumors, rheumatoid arthritis, atherosclerosis of coronary arteries, Kawasaki disease,
T1DM, and periodontal disease (14-16). There are many oxidative stress indicators such as total antioxidant
capacity, nitric oxide, glutathione peroxidase, malondialdehyde, total oxidative status, and 8-
hydroxydeoxyguanosine detected in the biological fluids of the individuals with TIDM and/or gingivitis
(17). Studies concluded that hyperglycemia related to TIDM and the presence of oxidative stress may induce
the expression of VEGF (13). Since thiol/disulfide homeostasis is thought to be a marker of oxidative stress, it
can be hypothesized that it may be related to VEGF levels in saliva. Therefore, the objective of the study was
to evaluate thiol/disulphide homeostasis parameters and VEGF in saliva of type 1 diabetic children with

gingivitis.

MATERIALS AND METHODS

Subjects and Clinical Examinations

40 with type 1 diabetes mellitus (DM) and 40 systemically healthy (H) individuals; aged 9-13 years were
consecutively included in this research at the Department of Pediatric Dentistry, Faculty of Dentistry, Aydin
Adnan Menderes University, Aydin, Tiirkiye, between July and October 2020. Ethical approval was obtained
from the ethics committee of the University (protocol number 2020/114). The trial was carried out in
compliance with the Declaration of Helsinki's rules of 1975, as revised in 2013. The study design was explained
to the parents of the children and they signed informed consent before the participation. The study was
recorded at http://www.clinicaltrial.gov (Protocol Registration Receipt NCT04470635).

After obtaining each participant's medical and dental history, oral examinations were conducted.
Depending on their periodontal condition, the children were split up into four subgroups: 1) systemically and

periodontally healthy participants (Hh, n = 20), 2) systemically healthy participants with gingivitis (Hg) (n =
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20), 3) diabetic participants with periodontal health (DMh, n=20), and 4) diabetic participants with gingivitis
(DMg, n = 20).

Inclusion criteria were as follows: 1) aged 9-13 years, 2) the patients confirmed as TIDM with a HbAlc
value of <7.5% by a pediatric endocrinologist at least twelve months before the trial (18), and not having
any other systemic illnesses 3) not having any disease for systemically healthy children (parental reporting) 4)
presence of first molars and maxillary and mandibular incisors that are fully erupted and free of cavities.

Exclusion criteria were as follows: 1) uncontrolled diabetic mellitus, 2) periodontitis or periodontal
intervention including antibacterial or anti-inflammatory medications within the preceding six months, 3)
needing restorative and endodontic treatment, 4) using immunosuppressive medications within the previous

6 months, 5) using orthodontic appliances, and 6) presence of clinical attachment loss.

Periodontal measurements

Gingival index (GI), plaque index (PI), and probing depth (PD) were among the periodontal
measurements that were employed (19). First molars and completely erupted, caries-free permanent maxillary
and mandibular incisors were used for clinical measurements, and they were thought to represent the entire
mouth (19,20).

Data were collected from buccal, lingual/palatinal, mesial, and distal sites of the teeth. The probing
depth was noted as the distance from the gingival margin to the bottom of the probed pocket. Participants
were confirmed as gingivitis when GI = 1and PD < 3 mm at all measured sites for 12 teeth. Children were
diagnosed as periodontal health if they had GI <1 and PD <3 mm (19,20).

A pediatric dentist (SK) conducted all clinical periodontal measurements with a manuel periodontal
probe (Williams, Hu-Friedy, Chicago, IL). Prior the study, calibration of the researcher was conducted on ten

children with gingivitis for PD. The intra-examiner agreement coefficient was 0.97 for PD.
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Gathering of saliva samples

Samples were gathared in the morning from 9:00 am to 10:00 am to reduce the impact of circadian
rhythm on biomarker levels. Unstimulated saliva samples were gathered one day after periodontal clinical
measurements. The subjects were told not to engage in oral care activities like flossing, brushing, and mouth
rinsing, and to abstain from eating and drinking for 2 hours before providing samples. Before collecting saliva,
each patient was instructed to irrigate their mouth with water for 2 minutes, wait 10 minutes, and then spit
into sterile 50 - mL polypropylene tubes for 5 minutes. Saliva samples were stored at a temperature of -80°

C, until further examination.

Measurement of thiol/disulphide homeostasis parameters

Erel and Neselioglu developed an automated analysis method that had been used in many studies, to
assess salivary thiol/disulphide homeostasis (3,4). In the first step, the reducible disulphide bonds were
decreased to create available functional thiol groups. Formaldehyde was utilized to eliminate the unreacted
and spent sodium borohydride, and following the interaction with DTNB, all sulfhydryl groups, comprising
both reduced and original groups, were quantified. The level of dynamic disulphide was calculated by
subtracting half of the total thiol groups from the native thiol groups. After determining the levels of native
thiols, total thiols, and disulphide in pmol/L, the ratios of Disulphide/total thiol, native thiol/total thiol, and

disulphide/native thiol percentages were determined (21).

Measurement of VEGF level in saliva

Thawed saliva samples were warmed to 37°C and thoroughly mixed before being analyzed. VEGF level
in saliva were measured by the enzyme-linked immunosorbent assay (ELISA) using commercial kits (Human
Vascular endothelial growth factor level ELISA kit, Sunred Biotechnology, Shanghai) consistent with the
manufacturer's guidelines. The minimum determination level for VEGF level was 20 pg/ml. Plates were

quantified at 450 nm with 650 nm as a reference wavelength via an ELISA reader (DTX 880 Multimode Reader,
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Beckman Coulter, Miami, FL). VEGF concentrations were calculated from the standard curve and presented

in pg/ml.

Statistical Analysis

Based on a prior study (22), the number of participants required was determined using a power analysis
software (G*Power version 3.0.8, Heinrich Heine University, Diisseldorf) with a 95% power, 0.83 effect size,
and « set at 0.05. According to these criteria, each group needed a minimum of 39 patients. The sample size
was changed to 80 in order to account for the possibility of missing samples or data. The statistical software
program SPSS version 22.0 (IBM Inc., Chicago, IL) was used to analyze descriptive statistics and the normality
of subgroup data. The Kolmogorov-Smirnov normality test was used to validate the distribution of the
biochemical and clinical data. The study parameters were analyzed using the Kruskal Wallis test and the
Mann-Whitney U test. The Spearman's Rank Correlation tests was used to assess whether the association

between the clinical and biochemical parameters were linear, with a significance level of ot = 0.05.

RESULTS

Subjects sand salivary samples characteristics

For children in systemic health, the mean age (years + SD) was 11.25 + 1.89, while for children with type 1
diabetes, it was 10.95 + 1.83. For children with diabetes and those in systemic health, the gender distributions
were 21/19 and 22/18, respectively. For both gender and age, there were no statistically significant differences

between the diabetic children and the systemically healthy group (p > 0.05).

Periodontal clinical parameters

Table 1 displays the periodontal clinical indicators for children with DM and systemically healthy children.

For the 12 permanent teeth, children with DM had PD, GI, and PI numbers that were comparable to those of
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children in systemically healthy group (p > 0.05). Compared to the periodontally healthy subgroups, the Hg

and DMg subgroups had significantly higher PD, GI, and PI values (p < 0.001) (Table 2).

Evaluation of thiol/disulphide homeostasis data of the groups and subgroups
Total thiol and disulphide levels were determined higher in systemically healthy children compared to
diabetic childen in Table 1 (p <0.001). Native thiol levels were lower in diabetic children compared to healthy

controls, but the difference between the groups was not statistically significant (p > 0.05).

Table 1. Periodontal clinical parameters, HbAlc values, thiol/disulphide homeostasis parameters and VEGF levels in
saliva of the study groups and their comparisons.

Parameters H DM P*
(n=40) (n=40)
Age (year) 11.0(10.0-12.8) 10.0(10.0-12.0) 0.461
Gender 0.499**
Female (%) 24(60) 21(53)
Male (%) 16(40) 19(47)
HbA1c (%) 5.30(5.20-5.70) | 7.30(5.60-7.40) | <0.001
PI 0.80 (0.30-2.00) 0.70 (0.30-2.00) 0.778
GI 1.20 (0.51-2.00) 1.20 (0.43-2.45) 0.729
PD (mm) 1.45 (0.91-2.02) 1.50 (0.96-2.39) 0.491
VEGEF (pg/ml) 41.4 (34.8-55.9) 44.0 (33.0-58.4) 0.722
Native thiol (umol/L) 12.9 (9.3-23.9) 11.2 (4.80-23.9) 0.405
Total thiol (umol/L) 98.1(61.9-162.3) 51.4 (21.8-90.4) 0.001
Disulphide (umol/L) 101.6 (64.4-177.3) | 52.8 (23.6-85.6) | <0.001
Disulphide /native thiol(%) | 7.58 (4.73-16.39) | 3.94 (1.89-9.32) 0.015
Disulphide /total thiol (%) 1.10 (1.03-1.23) 1.07 (0.70-1.26) 0.227
Native thiol/total thiol (%) 0.14 (0.07-0.27) 0.27 (0.11-0.55) 0.023

*Mann-Whitney U test, **Chi-square test. Data were given as n (%), median (25p-75p).

Native thiol/total thiol ratio was statistically higher in diabetic children compared to systemically healthy
controls. Disulphide/native thiol ratio was statistically significantly higher in systemically healthy children.
There was no statistically sifnicant difference in terms of disulphide/total thiol ratio between the groups (p >
0.05). Native thiol levels were higher in DMh subgroup compared to DMg subgroup. Total thiol level was

higher in Hh subgroup compared to DMh subgroup. Disulphide levels were higher in gingivitis subgroups
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compared to periodontally healthy subgroups. DM subgroup presented the highest native thiol/total thiol

ratio and the lowest disulphide/native thiol ratio compared to other subgroups (Table 2).

Comparison of salivary VEGF level among groups and subgroups
VEGF were measured in all specimens. There was no significant difference in the VEGF levels in saliva
between individuals with DM and systemically healthy individuals (p > 0.05) (Table 1). The Hg subgroup had

significantly higher VEGF amount compared to the Hh subgroup (p <0.001) (Table 2).

Tablo 2. Anthropometric data and periodontal clinical parameters of the children in the subgroups.

Parameters Hh (n=20) Hg (n=20) DMh(n=20) DMg (n=20) P*
Age (year) 11.0(10.0-12.0) | 11.0(10.0-13.8) | 12.0(10.0-13.0) | 10.09.0-12.0) | 0.323
Female (%) 14(70) 10(50) 11(55) 10(50) 0.535*
Male (%) 6(30) 10(50) 9(45) 10(50)
HbA1c (%) 530(5.20-5.70) | 5.50(5.32-5.70) | 7.35(5.71-7.40) | 7.30(6.20-7.40) | <0.001
PI 0.30 2.00 0.30 2.00 <0.001®
(0.20-0.34) (1.43-2.00) (0.20-0.40) (1.40-2.00)
GI 0.53 2.00 0.45 2.40 <0.001"
(0.38-0.68) (1.74-2.50) (0.39-0.69) (1.90-2.62)
PD (mm) 0.92(0.77-1.20) | 2.02(1.80-2.36) | 0.97(0.76-1.20) | 2.39(1.88-2.67) | <0.001b
VEGF (pg/ml) 35.42 55.11 45.59 42.49 <0.001¢
(30.50-39.38) | (44.72-64.72) | (29.46-62.05) | (34.73-58.32)
NT(pumol/L) 12.36 15.74 20.23 6.74 0.0134
(8.99-18.83) | (11.24-24.73) | (11.24-31.19) | (3.65-14.61)
TT (umol/L) 90.89 112.46 28.76 62.65 0.004¢
(46.47-126.83) | (64.70-183.06) | (15.15-86.27) (45.70-91.15)
D (umol/L) 95.50 112.40 44.18 60.75 <0.001¢
(55.00-134.57) | (72.08-208.63) | (17.28-77.70) | (40.01-92.95)
D/NT (%) 7.15 7.58 2.15 9.23 <0.001f
(4.73-13.75) (4.78-18.17) (1.20-5.01) (3.17-15.68)
D/TT (%) 1.10 1.11 1.15 1.06 0.326
(0.98-1.21) (1.06-1.27) (0.66-1.67) (0.78-1.12)
NT/TT(%) 0.14 0.14 0.52 0.11 <0.0018
(0.08-0.27) (0.06-0.27) (0.19-0.99) (0.07-0.31)

*Kruskal-Wallis test **chi-square test, Data were given as n (%), median (25p-75p),n 2Group DMh &Group Hh; Group DMh & Group Hg;
Group DMg &Group Hg; Group DMg &Group Hh, p<0.001. °Group DMh & Group DMg, Group DMh & Group Hg, Group DMg & Group
Hh, Group Hg & Group Hh, p<0.001, ¢ Group Hg & Group Hh, p< 0.001, ¢ Group DMh & Group DMg, p< 0.001, ¢ Group DMh & Group Hg,
p< 0.001, FGroup DMh & Group DMg, p= 0.003; Group DMh & Group Hg, p=0.001; Group DMh & Group Hh, p= 0.007, 9Group DMh &
Group DMg, p=0.001; Group DMh & Group Hg, p= 0.002; Group DMh & Group Hh, p= 0.005 Abbreviations: NT, Native thiol; TT, Total
thiol; D, Disulphide; D/NT, Disulphide/native thiol ; D/TT, Disulphide/ total thiol; NT/TT, Native thiol/ total thiol.
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Correlation between thiol/disulphide homeostasis parameters, VEGF level and clinical parameters

Table 3 displays the correlations between biochemical data and clinical periodontal markers. Significant
correlations were found between salivary VEGF levels and P, GI, and PD (r=0.425, p <0.01; r=0.337, p <0.01;

r=0.228, p <0.05, respectively). Furthermore, the total thiol and disulphide and the VEGF level were positively

correlated (r=0.281, p <0.05; r = 0.273, p < 0.05).

Tablo 3. Correlations between clinical parameters and biochemical findings of all study groups.

Parameters | HbAlc | PD GI PI VEGF NT TT D D/NT | D/TT | NT/TT
HbAlc 1,000 | 0,128 | 0,065 | 0,057 | -0,026 | -0,059 | -,386™* | -,419** | -,276* | -0,033 ,278%
PD 0,128 1,000 | ,735** | ,667** | ,228* | -0,136 | 0,174 | 0,204 | ,272* | 0,051 -,257%
GI 0,065 | ,735** | 1,000 | ,777** | ,337** | -0,104 | 0,130 | 0,118 | 0,201 | -0,023 | -0,214
PI 0,057 | ,667** | ,777* | 1,000 | ,425** | -0,120 | 0,185 | 0,182 | ,239* | -0,043 | -255*
VEGF -0,026 | ,228* | ,337** | ,425** | 1,000 | 0,167 | ,281* ,273% 0,007 | -0,104 | -0,021
NT -0,059 | -0,136 | -0,104 | -0,120 | 0,167 | 1,000 | 0,181 0,170 | -,679* | 0,113 | ,671**
TT -,386** | 0,174 | 0,130 | 0,185 | ,281* | 0,181 1,000 | ,932** | ,494* | -241* | -540**
D -419* | 0,204 | 0,118 | 0,182 | ,273* | 0,170 | ,932** | 1,000 | ,537** | 0,079 | -514**
D/NT -276* | ,272* | 0,201 | ,239* | 0,007 | -679** | ,494* | ,537** | 1,000 | -0,067 | -976**
D/TT -0,033 | 0,051 | -0,023 | -0,043 | -0,104 | 0,113 | -,241* | 0,079 | -0,067 | 1,000 ,265*
NT/TT ,278% | -257* | -0,214 | -,255*% | -0,021 | ,671** | -540** | -,514** | -,976** | ,265* 1,000

**Correlation is significant at the 0.01 level (2-tailed), *Correlation is significant at the 0.05 level (2-tailed).
Abbreviations: NT, Native thiol; TT, Total thiol; D, Disulphide; D/NT, Disulphide/native thiol ; D/TT, Disulphide/ total thiol; NT/TT, Native thiol/

total thiol

There was no association between total thiol, native thiol and disulphide levels and periodontal clinical
parameters. There was negative association between native thiol/total thiol ratio and PI and PD (r =-0.255, p <

0.05; r =-0.257, p < 0.05, respectively). There was positive relationship between disulphide/native thiol ratio

and PI and PD (r=0.239, p < 0.05; r = 0.272, p < 0.05, respectively).

DISCUSSION

This study revealed the shift of dynamic thiol/disulphide homeostasis toward disulphide form in

individuals with TIDM and gingivitis by evaluating saliva samples for the first time. VEGF levels in saliva
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was similar in children with T1IDM and healthy controls. However, the salivary VEGF levels were increased
in systemically healthy children with gingivitis.

Hyperglycemia can trigger pathways that increase inflammation, apoptosis, and oxidative stress, and
T1DM is linked to increased levels of systemic indicators of inflammation that lead to microvascular and
macrovascular problems (23). The imbalance between ROS and antioxidant molecules leads to oxidative stress.
Redox modification of radical-based cysteine residues or oxidation between two electrons occurs when ROS
levels rise above the physiological threshold. The sulfur atom in the cysteine side chain is oxidized in this
redox reaction to produce disulphide (24). Thus, when the cellular level starts, oxidant radicals are linked to
the initial stage of oxidative damage, and dynamic thiol/ disulphide homeostasis progresses toward
disulphide form. Although underlying mechanisms are unclear, pancreatic 3-cell failure is a critical event in
the onset of TIDM. Because of their low capacity to withstand oxidative stress, (3-cells are more vulnerable to
it. ROS are linked to proinflammatory conditions at the onset of TIDM (25). Studies on both adults and
children have demonstrated that diabetics have higher levels of thiol oxidation than healthy controls (8,21). In
this study, total thiol level was significantly higher in healthy controls compared to diabetic children. This
data confirmed that the diabetic children might had higher levels of thiol oxidation.

Gingivitis is commonly seen periodontal disease in children and adolescents and it may be induced by
plaque, steroid hormonerelated gingivitis, and drug-influenced gingival enlargement. Plaque microorganisms
can initiate periodontal diseases and gingivitis is considered as the earliest stage of periodontitis, the
development of which occurs in only long-term untreated gingivitis (25). There are many studies revealed that
diabetic children were more prone to periodontal diseases compared to their healthy counterparts (26-28).
There are many mechanisms to connect periodontal disease with TIDM. Both TIDM and periodontal disease
are categorized as inflammatory disorders that share similar pathogenic mechanisms, including the action of
pro-inflammatory mediators. Studies revealed that diabetic patients exhibit heightened levels of pro-
inflammatory mediators in their gingival tissues, including IL-13 (interleukin-1beta), tumor necrosis factor-

alpha (TNF-a), IL-6, matrix metalloproteinases (MMPs), prostaglandins (PGs), the association between
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receptor activator of nuclear factor kappa-B ligand and osteoprotegerin (RANKL/OPG), VEGF, and oxidative
stress, all of which significantly contribute to the onset and advancement of periodontal disease (29,30).

VEGEF is an angiogenic biomarker of importance in inflammation and wound healing (31). VEGF has
been determined in human periodontal tissue, gingival crevicular fluid (GCF) and saliva in various
periodontal diseases (32,33). Pradeep et al. (34) determined that the GCF VEGF amounts had an increasing
pattern from health to plaque-induced gingivitis in systemically healty adults. Moreover, studies evaluated
serum levels of VEGF showed that the serum VEGEF level significantly increased in participants with diabetes
compared to healthy controls (35). In the present study, salivary VEGF level was higher in diabetic children
compared to healthy controls without a statistically significant difference. These data suggests that the the
similarity in the salivary VEGF levels from diabetic and systemically healthy children in the present study is
due to the good glycemic control in the diabetic individuals included to trial. In subgroups, healthy children
with gingivitis showed the highest salivary VEGF levels compared to other groups. Additionally, periodontal
clinical parameters were significantly correlated with salivary VEGF levels. In accordance with the present
study, Padma et al. (36) determined that VEGF levels in GCF increased progressively from healthy to gingivitis
in adults. Studies revaled that, TIDM was a more declared significant risk factor for periodontal disease and
vascular complications, and there was an important association between HbAlc and oxidative stress (37).
Seckin et al. (35) stated that It may be appropriate to evaluate the levels of VEGF and oxidative stress markers
in diabetic children.

Thiol/disulfide homeostasis has recently been used to evaluate the free radical status in an organism
both at physiological and pathological conditions, therefore determination of this homeostasis can provide
valuable information related to normal or pathological biochemical processes in many disease in children. In
this study we used saliva samples to evaluate the thiol/disulfide homeostasis. Hasan et al. (38) performed a
study to evaluate the possibility of using saliva, as an alternative biological fluid instead of blood serum to
detect thiol homeostasis, and they concluded that saliva might be an alternative sample that is easy to collect
from children (39). Tayman et al. (40) found a significant positive correlation between the severity of

periodontal disease and serum total thiol and disulphide levels. As far as we know, there is no study evaluate
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the thiol/disulfide homeostasis in diabetic children with gingivitis. Therefore, we could not compare our
results to the literature. In the present study, total thiol and native thiol levels were lower in diabetic children
compared to healthy individuals. Additionally, Tayman et al. (40) reported that the disulphide level was
higher in gingivitis subgroup similar to adult studies. This indicates that antioxidant balance is impaired in
diabetic patients and systemically healthy children with gingivitis. In this study, disulphide/native thiol ratios
were higher in diabetic children with gingivitis. It may be resulted by more reduction of native thiol level
compared to disulphide levels. Taken together, it may be suggested that thiol/disulphide homeostasis has
potential to act as a diagnostic tool in detecting periodontal diseases in diabetic children.

Studies have shown that serum and tissue VEGF levels are high in diabetic children (35,41). VEGF
expression is induced by hyperglycemia, advanced glycation end products, and oxidative stress (42,43). In this
study, the positive correlation between disulfide and VEGF levels in saliva may support the relationship
between VEGF and ROS-induced oxidative stress response in TIDM.

This study has some limitations. A study group that includes children who had uncontrolled diabetes
mellitus should be added the study design. Children’s systemic situation for systemically healthy group were
recorded on the basis of their parents’s reports. Therefore, it is not certain whether they have no any other
systemic diseases. Additionally, the cross-sectional design of present study could not allow to establish causal
association between thiol disulphide homeostasis parameters, level of VEGF and periodontal status.
Prospective longitudinal studies with larger sample sizes should be performed to explore the potential effects

of the thiol/disulphide homeostasis.

CONCLUSION

Based on the limitations of this research, it can be inferred that the balance of thiol/disulphide
homeostasis shifts toward the disulphide direction in diabetic children suffering from gingivitis. The elevated
levels of VEGF in the saliva among the gingivitis subgroups and their positive association with periodontal

clinical measurements indicate that VEGF might serve as a valuable marker for diagnosing gingivitis in
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children. This study findings need to be confirmed with longitudinal studies with the aim of determining the

effect of thiol/disulphide homeostasis and salivary VEGF levels in children with TIDM and gingivitis.
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ABSTRACT

Objective: This study aimed to investigate the fractal dimension values of trabecular bone in periapical
lesions and healthy mandibular first permanent molars, based on age and gender, using panoramic
radiographs.

Material and Methods: The panoramic radiographs of a total of 216 patients aged 6-16 years who applied
to Dicle University Faculty of Dentistry Department of Pedodontics in 2022 were retrospectively examined.
The patients were equally distributed by gender into three age groups: 6-9, 10-12, and 13-16 years. Fractal
analysis was applied using the Image] program to the regions of interest (ROI’s) of 25x25 pixels determined
from two different regions on each digital panoramic radiograph, and fractal dimension calculations were
performed. The data were analyzed using the Shapiro-Wilk and/or Kolmogorov-Smirnov tests, as well as
the Mann-Whitney U and Kruskal-Wallis H tests. The confidence interval for all statistical tests was set at
95%, and the significance level was accepted as p<0.05.

Results: According to the results of the study, the average fractal dimension value of the lesioned region
was 1.106, while the average fractal dimension value of the healthy region was 1.116. No statistically
significant difference was found in the fractal dimension values between both the lesioned and healthy
groups, as well as between the age and gender groups (p>0.05).

Conclusion: Fractal dimension (FD) calculation is a reliable method for detecting early-stage periapical
lesions. However, to achieve more comprehensive evaluations, future studies should integrate histological
and clinical parameters and compare 2D and 3D imaging techniques with larger sample sizes.

Keywords: Periapical Lesion, Panoramic Radiography, Fractal Analysis, Image], ROI
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INTRODUCTION

The radiographic diagnosis of periapical pathologies is the first step in determining the treatment
strategy. For periapical pathologies to be diagnosed using conventional radiographs, there must be
approximately %30-50 mineral loss in the bone (1). This can lead to the inability to detect lesion formation in
the early stages with conventional radiographs. Trabecular bone is often preferred for evaluating bone health
because it is metabolically more active than cortical bone and has a significantly higher renewal rate (2).
Considering these factors, the combined examination of the bone structure of the jaws using radiographs and
analyses has gained importance in dentistry in recent years. For this purpose, the "Fractal Analysis" method,
which is a non-invasive diagnostic tool capable of detecting bone loss at an early stage and providing objective
data, has been developed (3). The word "fractal" is derived from the Latin word "fractus,” meaning "broken"
or "fragmented" (4). Fractal Analysis (FA) is a mathematical method that allows for the quantitative description
of complex structures and shapes that cannot be expressed by integral dimensions. It is numerically expressed
as fractal dimension (FD). FD describes the complexity of a structure. Generally, a high FD indicates a more
complex structure, while a low FD indicates a simpler internal order (5). Fractal analysis is used in medicine
for the detection and monitoring of diseases and has gradually found a wide range of applications in dentistry
(6).

This study aims to evaluate the fractal dimensions of trabecular bone in the apical regions of both
lesioned and healthy mandibular first permanent molars using panoramic radiographs, with the goal of
exploring the potential of fractal analysis for radiographic diagnosis and investigating the relationship

between fractal dimension and factors such as gender and age.

MATERIALS AND METHODS

Power Analysis of the Study

The patients were equally distributed by gender into three age groups: 6-9, 10-12, and 13-16 years. A

theoretical power value of 81% was calculated with a 5% margin of error and a 95% confidence level, based
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on gender distinction and an effect size of 0.25. The study aimed to include at least 216 observations. The

power calculation was performed using the GPower 3.1 software package.

Study Sample

The panoramic radiographs of a total of 216 patients aged 6-16 years who applied to Dicle University
Faculty of Dentistry Department of Pedodontics in 2022 were retrospectively examined. This is a monocentric,
cross-sectional study aimed at evaluating and comparing fractal dimension analyses of trabecular bone in
specific regions of the lesioned and healthy lower permanent first molars, based on age and gender. The
analysis was performed using Image] software on panoramic radiographs saved in TIFF format. Inclusion
criteria for the panoramic radiographs involved ensuring the clear visibility of the mandibular anterior,
premolar, molar, ramus, angle, TM] region, and inferior mandibular cortex, the absence of ghost images, and
the use of the same device and consistent exposure parameters for capturing the radiographs.

Study groups were formed for three different age groups: 6-9 years, 10-12 years, and 13-16 years,
considering gender distribution. A total of 72 patients, 36 boys and 36 girls from each age group, were selected
to meet the inclusion criteria, totaling 216 patients (Table 1).

Table 1. Inclusion and exclusion criterias.

Being in the mixed and/or permanent dentition period.
Having erupted mandibular first permanent molars.
é Having a lesion at the apex of either the 36 or 46 tooth.
5
Eé Having either the 36 or 46 tooth without decay.
No extraction performed on the 36 and 46 teeth.
Patients with diagnostic panoramic radiographs without various artifacts or positioning errors.
g Presence of cysts and tumors involving the 36 and/or 46 teeth.
2
.—% Prior restorative treatment and/or root canal treatment on the 36 and/or 46 teeth.
x
= Presence of a fracture in the relevant bone region.
Data Collection

All panoramic radiographs were taken with a Progeny (Midmark Company, USA) X-ray device using

the following exposure parameters: 0.5 mm focal spot, 3.2 mm filtration, 70 kVp, 10 mA, and 15.9 seconds.

468



‘IIIL ANEN
3]
= W W N

MEANDROS

MEDICAL AND DENTAL JOURNAL Meandros Medical and Dental Journal
December 2024 (4):466-480 doi: 10.69601/meandrosmdj.1587576

Application of Fractal Analysis

In our study, the Image] 1.54d image analysis program, which can be downloaded for free from
"https://imagej.nih.gov," was used for FD measurement. The analysis was conducted by E.B. using the box
counting method by White and Rudolph (7). High-resolution images of patients included in the study were
obtained in Tagged Image File Format (TIFF) from the database for processing panoramic images. Using the
Image] 1.54d program, the images belonging to the patients were opened and the relevant regions (ROI -
Region of Interest) were selected (Figure 1). On each panoramic radiograph, one ROI was determined from
the apical region of the healthy mandibular first permanent molar (caries-free and without a lesion at the apex)
and its symmetric mandibular first permanent molar with a lesion at the apex. The selected ROI's were 25x25

pixels in size, with a total of 2 ROI's per patient (Figure 1).

Figure 1. Selected regions of interest (ROI’s) on panoramic radiograph; ROI 1 is determined at the apex of the
lesioned right mandibular first permanent molar, and ROI 2 is determined at the apex of the healthy left
mandibular first permanent molar.

The steps followed in the method designed by White and Rudolph for fractal dimension analysis were
used (7) (Figure 2).
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Figure 2. Steps of the box counting method; a. Cropped image of the relevant region, b. Duplicated image, c.
Application of Gaussian filter, d. Image subtracted from the original, e. Addition of gray tones, f. Creation of a
binary (two-color) image, g. Erosion, h. Dilation, 1. Inversion of colors, i. Skeletonization.

1 o N
1 o

Initially, panoramic radiographic images saved in TIFF format were transferred to the ImageJ program,
and the square-shaped relevant region (ROI) of 25x25 pixels selected on the radiograph (Figure 1) was cropped
using the "crop” feature. The cropped ROI was duplicated using the "duplicate" feature. The duplicated image
was blurred using the "Gaussian Blur" filter with a sigma value of 35 pixels. The purpose of this step is to
remove density differences on the image caused by soft tissue covering the bone surface and changes in bone
thickness, making sharper differences more pronounced. Next, the blurred image was subtracted from the
original image using the "Subtract" feature, and 128 gray tones were added to each pixel using the "Add"
feature. The various brightness areas in the resulting image distinguish the trabecular structure from the bone
marrow. The "Binary" process was applied to convert the image to black and white, creating a two-color image,
making the outlines of the trabecular structure and bone marrow clearly visible. The noise in the image was
eroded and reduced using the "Erode" feature, and the existing areas were enlarged and clarified using the
"Dilate" feature. The image was inverted using the "Invert" feature, making the black areas white and the white
areas black, revealing the outlines of the trabecular bone. The outlines of the trabecular bone were converted
into a skeletal structure with lines using the "Skeletonize" feature, making them ready for fractal analysis. As
the final step, the fractal dimension calculation for the trabecular outlines was performed using the "Analyze"
feature. The image was divided into squares of 2, 3, 4, 6, 8, 12, 16, 32, and 64 pixels in size using the "Fractal

Box Count" option (Figure 3).
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Figure 3. Box counting algorithm in fractal analysis.
The number of squares containing trabeculae and the total number of squares in the image were
calculated for each pixel of various sizes. A logarithmic scale graph of the obtained values was plotted. The
slope of the line obtained by connecting the points on the graph provided the fractal dimension value,

indicating the complexity of the structure (7) (Figure 4).
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Figure 4. Plotting of values on a logarithmic scale. The slope of the line represents the fractal dimension value and
is indicated by "D" in the figure. FD =D

Statistical Analysis

The data obtained in this study were analyzed using the licensed IBM SPSS V 21 software package. The
Shapiro-Wilk and/or Kolmogorov-Smirnov tests were performed to assess the normality of the variables,
considering the number of units. Since the variables did not follow a normal distribution, the Mann-Whitney
U and Kruskal-Wallis H tests were employed to examine the differences between groups. In cases where
significant differences were observed in the Kruskal-Wallis H test, the Post-Hoc Multiple Comparison Test
was applied to identify the groups exhibiting differences. The confidence interval for all statistical tests was

set at 95%, and the significance level was accepted as p<0.05.
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RESULTS

A total of 216 patients, comprising 108 girls and 108 boys aged 6-16 years, who met the inclusion
criteria for this retrospective study, were selected as the sample. Fractal dimension measurements of the
trabecular bone in the apical region of lesioned and healthy right or left mandibular first permanent molars
were performed using panoramic radiographs. The measurement results were then compared based on

gender and age.

Demographic Results

Of the participants included in the study, 50% were girls and 50% were boys. The participants were

divided into three equal age groups: 6-9 years, 10-12 years, and 13-16 years (Table 2).

Table 2. Demographic data.

Sample Size | %
Boy 108 50
-
'% Girl 108 50
© Total 216 100
6-9 years 72 33.33
g, 10-12 years 72 33.33
< 13-16 years 72 33.33
Total 216 100

FD Measurements
The average fractal dimension (FD) measurement value of the lesioned group among the participants is

1.106, while the average FD measurement value of the healthy group is 1.116 (Table 3).

Table 3. Distributions of measurement values.

n | Mean | Median | Min | Max | Sd

Lesioned fractal analysis measurement value | 216 | 1.106 | 1.139 | 0.051 | 1.346 | 0.156

Healty fractal analysis measurement value 216 | 1.116 | 1.154 |0.104 | 1.314 | 0.182

n: Sample size; Sd: Standard deviation.
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Although no statistically significant difference was found between the groups in terms of fractal
dimension measurements for lesioned and healthy areas, the FD value measured from the radiographs of the

lesioned group was found to be lower (p>0.05) (Table 4).

Table 4. Analysis results regarding the difference between groups in terms of lesioned and healthy fractal analysis
measurement values.

Mann Whitney U Test
Group
n | Mean | Median | Min | Max | Sd Mean z
Rank P
Lesioned | 216| 1.106 | 1139 |0.051|1.346| 0156 | 20516 | . oo [(050
Fractal Aml}";;ful‘geas“remem Healty |216| 1116 | 1154 |0.104|1314| 0182 | 227.84 |
Total 432 | 1111 | 1144 | 0051|1346 017

Although no statistically significant difference was found between genders in terms of fractal
dimension measurements for lesioned and healthy areas, the FD values measured from the radiographs of

boys were found to be higher (p>0.05) (Table 5).

Table 5. Analysis results regarding the difference between genders in terms of lesioned and healthy fractal analysis
measurement values.

Mann Whitney U Test

Gender | | Mean | Median | Min | Max | Sd | MeanRank | z p

Boy 108 | 1.11 1.131 |0.563|1.346 | 0.136 107.65

Lesioned fractal analysis . -0.2 0.841
measurement value Girl 108 | 1.102 1.14 |0.051|1.305|0.174 109.35

Total |216| 1.106 | 1.139 |0.051|1.346 |0.156

Boy 108 | 1.136 | 1.152 |0.384|1.312| 0.13 110.39

Healthy fractal analysis . -0.444 | 0.657
measurement value Girl 108 | 1.096 | 1.154 |0.104 |1.314|0.222 106.61

Total |216| 1.116 | 1.154 |0.104|1.314|0.182

n: Sample size; Significant at p < 0.05; Sd: Standard deviation; z: Mann Whitney U Test Statistic.

No statistically significant difference was found between the age groups regarding the fractal

dimension measurement values for both lesioned and healthy areas (p>0.05) (Table 6).
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Table 6. Analysis results regarding the difference between age groups in terms of lesioned and healthy fractal
analysis measurement values.

Age Kruskal Wallis H Test

Years| n | Mean | Median | Min | Max | Sd | Mean Rank| H p

6-9 | 72 | 1.116 115 |0.673|1.305| 0.138 113.79

3 1.393 | 0.498
:,E §~ 1012 72 | 1.079 | 1132 [0.051 1326|0201 | 1017
é £ 13-16| 72 | 1122 | 1126 |0.834[1346|0114| 10995
&
3 Total | 216 | 1.106 | 1.139 |0.051 |1.346 | 0.156
69 | 72| 1132 | 1.147 [0538|1.312| 0131 10865 0299 | 0.861

10-12| 72 | 1.126 | 1.148 |0.538 | 1.314 | 0.131 105.58

13-16| 72 | 1.089 | 1172 |0.104| 1305|0256 | 11107
216| 1116 | 1.154 |0.104 | 1314 0.182

Healthy fractal
analysis
measurement value | measurement value

Total

n: Sample size; Significant at p <0.05; Sd: Standard deviation; H: Kruskal Wallis H Test Statistic.

DISCUSSION

Periapical pathologies provide general information about the need for endodontic treatment.
Additionally, in the pediatric patient group, tooth extraction may be preferred over endodontic treatments in
the presence of periapical lesions, especially in teeth with open apices. The diagnosis of periapical pathologies
is the first step in determining the treatment strategy to be applied (8).

It is not possible to monitor early-stage bone destruction with radiographic examination. It has been
reported that mineral loss in the bone must be between %30-50 to be diagnosed with conventional radiographs
(9). This situation poses the risk of failing to detect lesion formation at an early stage with conventional
radiographs. Changes in the trabecular and cortical structure of the bone can be an early indication of certain
pathologies, local or systemic diseases; therefore, the combined examination of the bone structure of the jaws
using radiographs and analyses has become quite important in dentistry (3).

In recent years, "fractal analysis," a radiographic analysis method that can detect bone loss at an early
stage, is not affected by adversities that can hinder the accurate evaluation of radiographs, and provides
completely objective data by eliminating practitioner-dependent factors, has been frequently used (10). It is a

mathematical analysis method that can evaluate irregular and complex body structures. Some researchers
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have shown that the complex structure of trabecular bone can be examined on radiographs using this method
(7, 11). When applied to trabecular bone images on radiographs, this method is considered a reflection of the
trabecular bone microarchitecture and provides information about changes in mineral content and density in
the alveolar bone over time (12, 13). It is thought that the fractal analysis method will contribute to
radiographic examination by examining details in the bone structure that are not visible to the naked eye (14,
15).

Considering this information, the use of fractal analysis as a non-invasive diagnostic tool based on
objective and quantitative data was preferred in our study for diagnosing periapical pathologies. This method
was selected due to its superior ability to reflect the metabolic activity of trabecular bone and its potential to
offer valuable diagnostic insights in detecting changes in bone structure.

Since it is free to use and easily accessible, fractal analysis in our study was performed using the box
counting method with the ImageJ 1.54d (ImageJ®, National Institute of Mental Health, Bethesda, MD, US)
software.

In a study by Demirbas et al., where they examined the trabecular structure of the mandible using fractal
analysis on panoramic radiographs of patients with sickle cell anemia, they found lower FD values compared
to healthy individuals. The FD values were lower in the anemia group (1.68+0.08) compared to the control
group (1.71+0.04) (16). These findings support the results of Giimiigsoy et al., who found lower FD values in
patients with chronic kidney failure compared to healthy individuals (17). Demiralp et al. found the average
FD values in patients using bisphosphonates (1.39 + 0.14) to be higher than those of the healthy control group
(1.38 £ 0.07). They suggested that this result might be related to the reduced bone resorption in patients using
bisphosphonates (18). Southard et al., in a study conducted on 10 cadaver maxillae, created artificial bone
lesions and found that the average FD value decreased from 1.26 to 1.1 with ongoing mineral loss in the
calculations they performed on the periapical radiographs they obtained (12). Chen et al., in a study where
they measured FD in periapical radiographs taken for follow-up at 3, 6, and 12 months after root canal
treatments of premolar and molar teeth with periapical lesions larger than 2 mm, observed a significant
increase in fractal dimension 3 months after the root canal treatment (p<0.05). They concluded that fractal

analysis could be used to detect changes in periapical trabecular bone at an early stage after root canal
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treatment (19). In a study by Aktuna Belgin et al., where they evaluated the mesial and distal interdental
regions of mandibular first molars in periodontitis and healthy individuals using fractal analysis on periapical
radiographs, the average FD value was found to be 1.04 in the healthy group and 0.97 in the periodontitis
group. The average FD value was significantly lower in the periodontitis group compared to the healthy group
(p<0.05) (20).

In a study by Shrout et al., cadaver mandibles were divided sagittally into two halves, and trabecular
bone was gradually removed in 4 stages. Fractal analysis was applied to the periapical radiographs taken after
each stage. They reported an increase in fractal dimension over time as the stages progressed (21). Ina study
by Ruttiman et al., trabecular bone decalcification was performed on cadaver mandibles using 10% formic
acid, and fractal analysis was then performed on the periapical radiographs taken afterward. They reported
that the FD values calculated after decalcification were greater than the FD values calculated before
decalcification (22).

According to the literature, there is no consensus on the relationship between FD and the complexity of
trabecular bone. In some cases, a decrease in FD value can be observed in radiographs due to reduced bone
density. In one study, this was explained by the fact that demineralization makes the bone more porous and
simple, increasing the spaces within the bone due to the decreased complexity of the trabecular structure (23).
In some cases, despite a decrease in bone density in radiographs, an increase in FD value can be observed. In
one study, it was stated that the loss of thin trabecular structure due to demineralization could cause abrupt
density changes in radiographic images, leading to changes in fractal dimension. In other words, the increase
in FD was expressed as a reflection of the increase in image roughness due to the architectural irregularity of
the trabecular network through demineralization (24). These results regarding the observation of FD increase
are similar to the studies by Shrout et al. (21) and Ruttiman et al. (22).

In our study, the average FD value of healthy teeth was found to be 1.116, and the average FD value of
lesioned teeth was found to be 1.106. No statistically significant difference was found between the FD values
(p>0.05). Our findings are consistent with the studies of Demirbas et al. (16), Glimiigsoy et al. (17), Chen et al.
(19), Southard et al. (12), and Aktuna Belgin et al. (20), which report that the FD value in the diseased or

lesioned group is lower compared to the healthy group.
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In some studies examining the effect of gender on FD, it has been reported that women have lower FD
values than men. In a study by Giileg et al., which investigated the effect of gender on FD in systemically
healthy individuals, a significant difference was found between the FD values of the right angulus and left
condyle according to gender, and it was reported that FD values were generally lower in women (25). In a
study by Alman et al. examining FD values in patients with osteopenia according to gender, it was found that
women had lower FD values than men (26). Higher FD values in men are associated with a higher and more
complex trabecular structure. In contrast, the trabecular structure in women is more porous and contains fewer
trabeculae (27).

There are also studies in the literature that report no relationship between gender and FD. In a study by
Updike et al., which examined the effect of chronic periodontitis on FD, no relationship was found between
gender and FD (3). In a study by Giimiissoy et al., which used fractal analysis to examine changes in the
trabecular structure of the mandible caused by chronic kidney failure, no relationship was found between
gender and FD (17).

In this study, the sample consisted of an equal number of boys and girls, with 36 boys and 36 girls in
each age group (6-9, 10-12, and 13-16 years), totaling 216 individuals. No statistically significant difference was
found between the fractal dimension (FD) values of lesioned and healthy teeth according to gender (p>0.05).
The observation that boys had higher FD values, although not statistically significant, is consistent with the
findings of Giileg et al. (25) and Alman et al. (26). Our results also align with the studies by Updike et al. (3)
and Glimiissoy et al. (17), which report no association between gender and FD. We suggest that the variability
in results from studies investigating the relationship between gender and FD may be attributed to differences
in sample sizes and gender distribution inequalities.

In a study by Demirbas et al. examining the relationship between changes in the trabecular structure of
the mandible and fractal dimension (FD) on panoramic radiographs of patients with sickle cell anemia, it was
found that the average FD values of patients under 20 years old were significantly lower than those of patients
over 20 years old (16). In a study by Demiralp et al. involving patients using bisphosphonates, no significant

relationship was found between FD values and age (18). Similarly, in a study by Giileg et al. measuring FD
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values on panoramic radiographs of children aged 5-11 years with sleep bruxism, no significant relationship
was observed between age and FD values. The researchers attributed these findings in children to
developmental changes occurring with age (28).

In our study, no statistically significant difference was found between the fractal dimension (FD) values
of lesioned and healthy teeth based on age (p>0.05). Our findings are consistent with those of Demiralp et al.
(18) and Giileg et al. (28), who also reported no relationship between age and FD in the literature.

Factors such as anatomical variations, the variety of radiographic methods used to obtain 2D bone
images, radiographic errors such as artifacts, lack of calibration in radiographic devices, differences in sample
sizes, the profiles of patients included in the samples, the techniques used for FD measurement, and the varied
selection of regions of interest (ROIs) in terms of size, location, and shape are believed to contribute to the
inability to standardize the results found in the literature (29).

Due to the retrospective nature of this study, potential effects of systemic diseases present in the sample
group on FD values, as well as challenges in maintaining consistent panoramic radiograph standards in

pediatric patients, can be considered limitations of our study.

CONCLUSION

Based on the findings and insights from our study, FD calculation can be recommended as a quantitative
and objective method for detecting early-stage periapical lesions that are clinically suspected but not visible
to the naked eye. Although fractal analysis is a reliable technique, it is crucial to incorporate histological and
clinical parameters in future studies to reach consensus among researchers. While 2D imaging methods are
frequently employed in evaluating fractal dimension, further comprehensive studies comparing these

methods with 3D imaging techniques and including larger sample sizes are needed.
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ABSTRACT

Objective: This study was conducted to evaluate the reliability of Bolton analysis results obtained with
ClinCheck software and the interproximal reduction (IPR) ratios the software recommends.

Materials and Methods: From the Invisalign® clear aligner system database, 120 individuals were divided
into three groups according to Angle classification: dental class I (n=43), dental class II (n=49), and dental
class III (n=28) malocclusions. The Bolton analysis data and the IPR amounts determined by Align
Technology’s digital treatment planning interface, ClinCheck, were evaluated separately for the maxilla and
mandible for each individual. A discrepancy was defined as the condition in which the Bolton ratio the
software determined and the suggested IPR amount for the anterior ratio and the overall ratio exceeded 2
mm. The average anterior Bolton ratio and suggested anterior Bolton ratio, along with the total Bolton ratio
and suggested total Bolton ratio for all individuals, were compared using Cronbach’s alpha.

Results: It was determined that the average suggested anterior Bolton ratio for individuals with class I
malocclusion was higher than that for individuals with other malocclusions (p=0.008). Cronbach’s alpha for
the anterior Bolton ratio and the suggested anterior Bolton ratio was 0.131 whereas the overall ratio and the
suggested overall Bolton ratio value were determined to be 0.41. Both values are defined as indicating weak

reliability.
Conclusion: A weak reliability relationship was detected between the Bolton values obtained with the

ClinCheck software and the IPR suggestions provided in treatment planning.

Keywords: Invisalign, clincheck software, interproximal reduction, bolton
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INTRODUCTION

In clear aligner treatments, software that facilitates digital treatment planning for diagnosis and
treatment purposes is utilized (1). Each clear aligner manufacturer employs its own software under various
names (2). Currently, the widely preferred company Invisalign® (Align Technology, San Jose, Calif) uses
ClinCheck™ (Align Technology) (1,2). This software offers clinicians model analyses used for diagnostic
purposes before treatment planning, such as tooth movement charts, space analysis, initial and final overjet,
overbite, and Bolton analysis (3).

Three-dimensional models obtained with scanners give near-real results in linear measurements or
analyses and are reliably used (4-6). Meade et al. (7) stated that the initial overjet and overbite values in
ClinCheck can be reliably used. However, Martin et al. (8) mentioned that although the mesiodistal widths of
teeth, excluding the molars, are acceptable, the results of the Bolton analysis are not accurate and acceptable,
especially for individuals with excess material in the mandibular teeth. Shailendran et al. (9) also indicated
that the mesiodistal widths of teeth obtained with ClinCheck are recorded as smaller, and attention should be
paid to this issue in Bolton analysis ratios and treatment planning.

In the studies, it was reported that gender had no effect on the bolton ratio, while significant differences
were found in the bolton ratios of individuals with different dental malocclusions (10,11). Differences in Bolton
analysis can lead the clinician to consider different treatment plans. This particularly includes unnecessary or
insufficient interproximal reduction (IPR) from the enamel surface, which might result in the planned tooth
movement not occurring as well as complications, such as diastema and black triangles after treatment. Fiori
et al. (12) stated that in ClinCheck, the IPR process presents the least accurate data, 49% in the maxilla and 42%
in the mandible.

In clear aligner treatments, the software used offers the clinician a treatment plan based on the results
of the Bolton analysis. This treatment plan may include options such as leaving a diastema or performing an
IPR procedure. The initial prescription the clinician requests in their software preferences is also important.
Our study was conducted to evaluate the reliability of Bolton analysis results obtained with ClinCheck and

the recommended IPR rates for individuals who will undergo treatment planning with the Invisalign system
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(Align Technology, San Jose, Calif). Our study’s null hypothesis (HO) is “There is no reliability between the

results of the Bolton analysis obtained with digital treatment planning and the treatment plans.”

MATERIALS AND METHODS

This retrospective study commenced with the approval of the Non-Invasive Clinical Research Ethics
Committee of Van Yiiziincii Y1l University (2023/13-11). All individuals or parents of individuals under 18
who applied to the Orthodontics Department of Van Yiiziincii Y1l University for treatment were informed
about the study, and written consent forms were obtained. G*power software (ver. 3.1.9.7; Heinrich-Heine-
Universitat Diisseldorf, Diisseldorf, Germany) was used to determine the sample size. The total sample size
was calculated as minimum 84, based on an effect size (d) of 0.4, a Type I error (o = 0.05), and a power value
of 90% for the three main groups.

The study included individuals aged 15-35 with permanent dentition and no missing, impacted, or atypically
erupted teeth. Excluded were cases with prosthetic restorations, such as crowns or implants affecting
mesiodistal width; decay; fillings; enamel defects; more than 6 mm of crowding or polydiastema, crown
angulations over 45 degrees; indications for orthognathic surgery; cleft lip and palate or other craniofacial
anomalies; and those with incomplete three-dimensional model images in screening scans.

All data used in this study were collected from the database registered with the Invisalign® clear aligner
system. Participants were divided into three groups based on Angle’s classification: dental class I (n=43),
dental class II (n=49), and dental class III (n=28) malocclusion.

For the participants’ scans, the iTero Element® (iTero Element 5D, Align Technologies Inc, San Jose, CA, USA)
three-dimensional intraoral scanner device by Align Technology was used. Following the sequence in the
manufacturer’s scanning guide, occlusal, lingual, and buccal surfaces and finally, rotating tooth surfaces were
scanned. After patients were scanned with the intraoral scanner device, the created tooth-jaw models, along
with a detailed treatment plan, were virtually sent to the Invisalign® laboratory. Each patient’s prescription
in all three groups was checked to ensure the doctor had given no IPR instructions and that the “as needed”

option was selected in the IPR section. Additionally, the clinician determined the necessary treatment package
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from Align Technology’s Comprehensive (unlimited aligners), Moderate (up to 20 aligners), and Lite packages
(up to 14 aligners) based on the type of malocclusion.

As a result of these procedures, the Invisalign® company, using software (Treat) that simulates tooth
movements, sent back to the clinician a virtual treatment plan and the Bolton analysis results of individuals
and the proposed IPR amounts through the ClinCheckTM program as the initial treatment plan (Figure 1). All
data were collected from the initial treatment plan in ClinCheck™, with Bolton analysis data for each
individual noted in millimeters separately for the maxilla and mandible in an Excel sheet. Then, the proposed
IPR data for the same individual in the tools section of ClinCheck™ program were calculated separately for
the maxilla and mandible and added to the Excel sheet. Inconsistencies were noted if the discrepancy between
the Bolton analysis determined by the software and the suggested amount of IPR exceeded 2 mm in either the
anterior or total ratio (13). All data for this study were used from a single clinician’s (..) system, and the same
clinician noted necessary calculations in the Excel sheet.

Statistical analysis

Descriptive statistics for the focused attributes were expressed as count, mean, and standard deviation. An
ANOVA analysis was conducted to evaluate differences between groups regarding the variables, and the
Duncan test was applied for multiple comparisons. The reliability of the anterior Bolton ratio and total Bolton
ratio values was tested using Cronbach’s alpha reliability scale. The Cronbach’s alpha range was considered
as follows: excellent reliability for 0.90<a<1, high reliability for 0.70<x<0.90, moderate reliability for
0.50<a<0.70, and low reliability for a<0.50.(14) The level of statistical significance was set at 5%, and the SPSS

(IBM Corp. Armonk, NY, version 21) statistical software package was used for the calculations.

RESULTS

Table 1 presented demographic data according to classes, including gender, average age, and
treatment package. Table 2 showed the data of individuals with consistent and inconsistent anterior and total

Bolton ratios across the classes. In the anterior Bolton ratio, 5, 10, and 7 individuals were found to have
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Table 1. Distribution of demographic characteristics by classes and packages.

inconsistent recommended Bolton ratios in Class I, II, and III, respectively. For the total Bolton ratio, 6, 5, and

5 individuals in Class I, II, and III, respectively, were identified with inconsistent recommended Bolton ratios.

Class I Class IT Class III Total
Gender Female 32 30 19 120
Male 11 19 9
Age M £SD) | 28.4+8.63 | 27.14+9.18 | 2736 +7.88 | 27.64 + 8.64
Lite 6 3 2
Package Moderate 4 1 1 120
Comprehensive 33 45 25

Table 3 displays the statistical comparisons of the anterior Bolton ratio, total Bolton ratio,

recommended anterior Bolton ratio, and recommended total Bolton ratios among the classes. It was found that

only the mean of the recommended anterior Bolton ratio in individuals with Class I malocclusion was

significantly higher than in individuals with other malocclusions (p=0.008).

Table 2. Data of compliant and non-compliant individuals in the overall bolton ratio and anterior bolton ratio within

classes.

Class | Compliant (n) | Non compliant (n)
Anterior Bolton Ratio I 38 5

II 39 10

III 21 7
Overall Bolton Ratio I 37 6

II 44 5

I 23 5
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Table 3. Comparisons of anterior bolton ratio, overall bolton ratio, recommended anterior bolton ratio and recommended

overall bolton ratio between classes.

Class n Mean SD Min Max p
I 43 1307 .37990 .00 1.89
Anterior Bolton Ratio I 49 1963 61617 .00 3.75 .728
I 28 1107 46222 .00 2.42
I 43 4612 .89087 .00 3.38
Overall Bolton Ratio I 48 2627 55102 00 238 448
11 28 4221 .92357 .00 3,49
I 43 18142 49917 .00 2,50
Recommended - 008
Anterior Bolton Ratio I 49 .0000 .00000 .00 .00 .
11 28 .0000° .00000 .00 .00
I 43 1558 44040 .00 2.10
Recommended Overall 045
Bolton Ratio I 49 .2306 .64395 .00 3.00 -
I 28 .0321 .17008 .00 .90

ANOVA test, SD : Standart Deviation, Min: Minimum, Max: Maximum, n: number of individuals, a-b: No difference between

classes with the same letter, p<0.05

Table 4 presents the comparison of Cronbach’s alpha between the anterior Bolton ratio and
recommended anterior Bolton ratio and between the total Bolton ratio and recommended total Bolton ratio for
all individuals. Cronbach’s alpha for the anterior Bolton ratio and recommended anterior Bolton ratio was
0.131, and for the total Bolton ratio and recommended total Bolton ratio, it was 0.41. Both values indicate low
reliability.

Table 4. Comparison of the Cronbach's Alpha value of the mean of the anterior bolton ratio and the mean of the

recommended anterior bolton ratio, and the Cronbach's Alpha value of the mean of the overall bolton ratio and the
recommended overall bolton ratio in all individuals.

n |[Mean| SD |(Min|Max| «

Anterior Bolton Ratio 120 | .1528 | .50391 | .00 | 3.75

0.131
Recommended Anterior Bolton Ratio | 120 | .0650 |.30915 | .00 | 2.50

Overall Bolton Ratio 120| .3719 |.77907 | .00 | 3.49

0.41
Recommended Overall Bolton Ratio |120]| .1575 |.49818 | .00 | 3.00

Cronbach's Alpha Reliability, SD : Standart Deviation, Min: Minimum, Max: Maximum, n: number of individuals
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DISCUSSION

Digital models can accurately obtain linear distances (15,16). Clear aligner software also provides data
for some ratios derived from linear measurements, such as the Bolton analysis (8,9). However, there seems to
be a gap in the literature regarding the interpretation of these data in treatment options such as leaving a
diastema after treatment or IPR during treatment. Studies comparing real mesiodistal measurements of teeth
with software-generated Bolton analyses exist (8,9). Current study, however, was conducted to determine the
reliability of IPR planning corresponding to Bolton ratios the software identified. In our study, inconsistencies
in the recommended IPR amount were found in 22 individuals for the anterior Bolton ratio and in 16
individuals for the total ratio. Furthermore, Cronbach’s alpha for the anterior Bolton ratio and recommended
anterior Bolton ratio as well as the total Bolton ratio and recommended total ratio were determined to be of
low reliability. Therefore, our study’s null hypothesis, HO, was accepted.

What is ClinCheck’s working principle? This is not fully known (17). It is stated that the software used
in clear aligner treatments provides outputs based on specific algorithms and inputs (18). Invisalign’s website
also mentions that it is a cloud-based software supported by data from over 16 million smiles (19). The fact
that the software decides where to place optimized attachments without clinician intervention and the limited
information about the software suggests it may offer similar treatments to those used in previous malocclusion
cases. This seems akin to the system in which numerous images of certain diseases are input into an artificial
intelligence database, which then provides preliminary diagnoses when it recognizes similar patterns (20).
Nevertheless, many factors affect an individual’s orthodontic treatment, including malocclusion type,
crowding degree, age, gender, and cooperation (21). Therefore, each orthodontic problem requires a patient-
specific orthodontic treatment plan. Even though Invisalign claims to provide treatment plans within minutes
without technician involvement, the clinician’s role remains crucial for accurate and realistic treatment
planning despite all the technological infrastructure.

The recent literature on orthodontics confirms the clinical applicability and validity of the accuracy and
reliability of linear measurements, such as space analysis and mesiodistal lengths of teeth, calculated using

three-dimensional scanners and software (22-29). However, the treatment plans these software programs offer
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do not seem as consistent as linear measurements. Different software can suggest different treatment plans for
the same malocclusion (18). Based on Bolton analysis results, a clinician can choose to leave space after
treatment or apply IPR during treatment (30). In this context, Andrews’ six keys to occlusion, including factors
such as molar relationship, crown angulation, crown inclination, absence of rotations, absence of spaces, and
the Spee curve, are essential for a correct occlusal relationship (31). Here, even if there is no mesiodistal
discrepancy in maxillary and mandibular teeth, the position and inclinations of the incisors are important for
proper alignment.

Variability in 1-NA and 1-NB angles and positions can lead to excess space or crowding on the arch.
Therefore, in addition to photos and scan images, it is suggested that individuals” cephalometric values should
also be reported in the treatment planning software. Additionally, the software should define limits for incisor
position and angle. A recent application mentioned the possibility of importing CBCT images into the program
(3). However, the lack of indication for every patient and still not providing cephalometric values highlights
the importance of clinician vigilance regarding the software.

What is the threshold value of the Bolton discrepancy? Proffit (32) suggested that significant anterior
Bolton ratio discrepancies are likely when the upper lateral incisor is not larger than the lower lateral incisor.
Additionally, he reported that for posterior Bolton ratio consistency, the second upper and lower premolars
should be equal. He also mentioned that Bolton discrepancies under 1.5 mm are not clinically significant. Many
studies have typically defined a Bolton discrepancy as 1.5 mm (33-37). Othman and Harradine (13), however,
suggested a threshold value of 2 mm for this discrepancy. In the current study, a 2-mm threshold value was
accepted, thus considering discrepancies exceeding 2 mm between the Bolton discrepancy identified by
ClinCheck software and its recommended IPR amounts as inconsistent.

Martin et al. (8) indicated that although ClinCheck Pro 6.0’s results show a positive bias, its
measurements for tooth widths, excluding molars, are acceptable. However, they also noted that the software
does not use the original Bolton formula and especially in cases of mandibular excess, the anterior Bolton ratio
and total Bolton ratio values are not accurate and clinically unacceptable. Shailendran et al. (9) reported that

although optical profilometer and caliper measurements are reliable, ClinCheck Pro systematically
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underestimates the mesiodistal widths of teeth, with this systematic error increasing toward the posterior of
the arch. They found the software moderately reliable for Bolton values.

Zhang et al. (38) evaluated the incidence of open gingival embrasure formations following clear aligner
treatment in a large sample. In their study of 2500 individuals, they reported encountering open gingival
embrasures in 25.7% of cases between maxillary incisors and 40.3% between mandibular incisors
posttreatment. They also emphasized that the IPR process did not prevent this problem. This high incidence
rate is concerning. Although their study seems different in subject from ours, it suggests that ClinCheck does
not account for the inclination and position of incisors. This supports the need for clinical evaluation of linear
and proportional deviations in treatment plans, reinforcing the results of our study. Hariharan et al.(39) stated
that the amounts of IPR ClinCheck determines often surpass the actual need. Additionally, our study was
conducted to compare the values the software program detected and suggested, revealing weak reliability
between the identified anterior Bolton ratio and the suggested anterior Bolton ratio and between the total
Bolton ratio and the suggested total Bolton ratio.

The lack of knowledge about how the software calculates the Bolton ratio and the exclusion of software
besides ClinCheck from the study are limitations. Further research is needed with a larger sample size and

modifications in the software to incorporate incisor position and inclination values.

CONCLUSION

A weak reliability relationship was identified between Bolton values obtained with ClinCheck
software and the IPR proposals in the treatment planning. This finding highlights the potential benefits of
developing versions of the software that can integrate cephalometric values, such as incisor positions and

inclinations.
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ABSTRACT

Objective: Adequate bowel preparation is crucial for the effective diagnosis and treatment of colorectal
diseases prior to undergoing a colonoscopy. This study aims to assess the significance of preparation for
colonoscopy and to identify factors that influence its effectiveness positively or negatively.

Materials and Methods: The study included all patients who underwent colonoscopy at the Endoscopy
Unit of the Gastroenterology Clinic at Aydin Adnan Menderes University Hospital from January 2021 to
January 2022.

Results: A total of 303 patients participated in the study, comprised of 155 females and 148 males. It was
found that Laxeno/Sennozid A+B Calcium (Ca)-based preparations were the most commonly used (55.4%)
for bowel cleansing. Evaluation of drug-related side effects revealed that nausea and vomiting were the
most frequently reported issues, occurring in 45.6% of patients. The Boston bowel readiness scale assessment
indicated that patients most often received scores of 2 and 3 across all colon segments. Statistically significant
differences were observed in the parameters of creatinine and phosphorus between pre- and post-procedure
assessments for those using Lax phosphosode/sodium phosphate. Similar differences were noted for the Ca
parameter in patients using pegdine/polyethylene glycol (PEG).

Conclusion: This study concluded that neither age nor gender significantly influenced the quality of bowel
cleansing. Furthermore, when comparing the cleaning efficacy and side effects of various agents, no
particular agent demonstrated superiority. Additionally, the potential for renal damage and electrolyte
imbalances resulting from these agents was examined; post-usage evaluations indicated no impact
following PEG use, while elevated phosphate levels were noted after sodium phosphate and senna usage,

with creatinine levels rising after senna administration.

Key words: Bowel cleansing efficacy, Boston bowel preparation scale, Renal impairment
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INTRODUCTION

Colonoscopy is one of the endoscopic procedures performed for screening, diagnosis, and interventional
purposes today. The purpose of colonoscopy is to visualize the colon up to the terminal ileum. For the
diagnosis and treatment of colorectal diseases, it is very important that bowel preparation is sufficient before
the colonoscopy procedure. Complete cleanliness of the intestine during the procedure increases the success
of the examination and prevents the procedure from being performed again. If bowel preparation is not
sufficient, this situation causes overlooking pathological lesions, if any, repetition of the procedure, loss of
labor and time, cost increase and decrease in patient satisfaction (1).

Today, there are proven standard practices for adequate colon cleansing. Despite standard practices,
adequate colon cleansing cannot be achieved in some patients. In studies investigating the reasons for this; A
significant correlation was found between the time of initiation of the procedure, compliance with the
preparation instructions, hospitalization, presence of constipation, male gender, history of comorbid diseases,
and inadequate bowel preparation (2). In general, a low-fiber diet that avoids foods containing grains and
other hard-to-digest substances is recommended for a few days before the procedure day, and this diet has
been shown to be at least as effective as the clear liquid diet and has been associated with an increase in patient
satisfaction (3). Nowadays, drugs used in bowel preparation include:

Polyethylene glycol (PEG), an isosmotic preparation containing a balanced electrolyte solution, is a high-
molecular-weight polymer that is not absorbed in the intestinal mucosa. It minimizes fluid exchange in the
colon membrane, helping to retain the electrolytes present in the solution and preventing their absorption.
This prevents the development of systemic electrolyte imbalance. The patient is instructed to start PEG
administration the evening before the procedure. A total of 4 liters of PEG solution should be consumed in
divided doses. The first 2 liters should be consumed the night before, and the remaining 2 liters on the morning
of the procedure, finishing at least 4 hours before the colonoscopy. Patients should also avoid solid food for at
least 24 hours prior to the procedure (4).

Sodium phosphates are hyperosmotic preparations based on PEG and they are similar to intestinal

preparations with magnesium citrate (5). It is generally well tolerated in healthy individuals (6). However, its
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use is limited due to the potential for renal damage, even in patients with normal renal function. Acute
phosphate nephropathy has been reported (7). Patients with heart failure, kidney damage, liver failure,
electrolyte imbalance, or those taking diuretics are advised against using sodium phosphate. The
recommended dose for sodium phosphate is two 45 mL doses. The first dose is taken the evening before the
procedure, and the second dose is taken 4-6 hours before the procedure. Patients should drink plenty of water
following each dose and remain hydrated throughout the preparation (8, 9).

Senna laxatives are containing anthraquinone derivatives, senna increases colonic motility and transit
by acting on the intestinal mucosa. It also inhibits water and electrolyte secretion. Senna is often combined
with PEG to enhance its effectiveness and reduce the amount of PEG used (10). Patients are instructed to take
2 tablets of Senna (15 mg) the evening before the procedure, followed by at least 2 liters of clear liquids.
Additional hydration is recommended, and patients are advised to drink water or clear fluids up to 2 hours
before the procedure (11).

Recording the quality of bowel preparation in colonoscopy reports is essential. The U.S. Colorectal
Cancer Task Group describes a thorough examination as one in which residual colonic contents do not obscure
lesions, except for small polyps (5 mm or less) (12). Various scoring systems have been developed to assess
the quality of clinical colonoscopy preparations. The Aronchick Scale, Ottawa Bowel Preparation Scale, and
Boston Bowel Preparation Scale (BBPS) are commonly used to evaluate bowel cleansing quality. The BBPS is
a 10-point scoring system (ranging from 0 to 9) that assesses bowel preparation quality across three segments
of the colon following all cleansing steps during colonoscopy and has been validated for both reliability and
accuracy (13).

This study aimed to assess the significance of colonoscopy preparation and to identify factors that
positively or negatively impact its effectiveness. With the results to be obtained in this study, we believe that
identifying an optimal colonoscopy preparation method tailored to each patient can reduce the number of
unnecessary procedures, enhance the procedure's success rate, and ultimately yield positive outcomes for both

patient satisfaction and cost-effectiveness.
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MATERIALS AND METHODS

This study was approved by Aydin Adnan Menderes University Faculty of Medicine Non-
Interventional Clinical Research Ethics Committee's decision dated 24.03.2022, number 12 and protocol
number 2022/30, and was carried out in Aydin Adnan Menderes University Practice and Research Hospital
Gastroenterology Clinic Endoscopy Unit. It is a descriptive and analytical-cross-sectional type research. The
research was conducted between January 2021 and January 2022. All patients who underwent colonoscopy
between January 2021 and January 2022 were included in the study.

All colonoscopies in this study were performed by the same experienced endoscopist to ensure
consistency in the procedure and minimize variability in outcomes.

As data collection tools, a survey form prepared by the researcher, developed in line with the relevant
literature, and the Boston colonoscopy preparation evaluation scale will be used. Data will be obtained by
scanning patient files. Patients' age, gender, height, weight, body mass index (BMI), comorbid disease history
(diabetes mellitus, coronary artery disease, Parkinson's disease, cerebrovascular accident, Alzheimer disease,
etc.), number of medications used, indication for colonoscopy, family history, side effects due to medications
(nausea, vomiting, abdominal pain/bloating, weakness, dizziness/lightheadedness), enema use status and the
colonoscopy preparation method they used will be recorded. Changes in the balance of urea, creatinine,
sodium, potassium, calcium, and phosphorus will be evaluated in patients before and after colonoscopy. After
the colonoscopy procedure, colonoscopy reports will be examined and the adequacy of colonoscopy cleaning
will be recorded using the Boston colonoscopy preparation evaluation scale. In the study, the relationship
between colonoscopy preparation and age, gender, height, weight, BMI, comorbid disease history, number of
medications used, and preparation method applied will be evaluated. In addition, changes in electrolyte, renal
functions, and phosphorus balance after colonoscopy will be evaluated and their relationship with age, gender,
height, weight, BMI, comorbid disease history, number of medications used, and preparation method applied

will be examined.
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Research data were analyzed using the SPSS 21.0 statistical software. The normality of continuous
variables was assessed through visual methods (histograms and probability plots) as well as analytical tests
(Kolmogorov-Smirnov and Shapiro-Wilk). For the descriptive statistics, the mean and standard deviation were
used for data following a normal distribution, while the median and range (minimum-maximum) were
applied to data that did not follow a normal distribution. The Chi-square test was employed to examine
differences between categorical variables. The Student's t-test or One-Way ANOVA was used to
compare continuous variables with parametric properties across independent groups, while the Mann-
Whitney U test or Kruskal-Wallis ANOV A was used for non-parametric continuous variables. Pearson’s
test was applied for correlations involving parametric continuous variables, and Spearman’s test was
used for non-parametric continuous variables. A p-value of less than 0.05 was considered statistically
significant.

Scoring in the BBPS score is as follows: 0 (inadequate), unprepared colon segment where the
mucosa cannot be evaluated due to solid stool that cannot be cleared; 1 (poor), some of the mucosa in
the colon segment is visible, but other areas of the colon segment are poorly visible due to staining,
residual stool, and/or opaque fluid; 2 (good), good visualization of the colonic mucosa but few debris,
small pieces of stool and/or opaque fluid; and 3 (excellent), good visualization of the entire mucosa of

the colon segment, no debris, small pieces of stool or opaque fluid (Fig. 1).

RESULTS

A total of 303 patients, 155 women and 148 men, were included in this study. The average age of the
patients was 59.5+14.7 years and the average BMI was 27.6+4.5. When the education and income status was
evaluated, the rate of those with high school education or higher was found to be 37.0%, and the rate of those
whose income was less than the expenses was 29.7%. It was determined that 70.3% of the patients used
medication constantly, 70.3% had a comorbid disease, and 10.2% had a family history of colon cancer (Table

1).
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Table 1. Demographic and Clinical Characteristics of the Patients

n Mean + SD
Age (min=21.0, max=97.0) 303 59.5+14.7
BMI (min=10.7, max=45.7) 303 27.6+4.5
n %
Female 155 51.2
Gender
Male 148 48.8
Below high school level education| 191 63.0
Education level High school and above education|
112 37.0
level
Income less than expenses 90 29.7
Income level Income equal to or greater than
213 70.3
expenses

History of colonoscopy was evaluated in the patients. It was determined that 41.3% of the patients had
previously undergone colonoscopy. The medications administered to patients for intestinal cleansing were
evaluated. It was determined that laxeno/sennozid A+B calcium-containing preparations, pegdin/PEG (23.1%)

and lax phosphosoda/sodium phosphate (21.5%) were most frequently used for intestinal cleansing (55.4%).

Table 2. Bowel Cleansing Medications and Associated Side Effects

Bowel cleansing medication p
Lax
Laxeno/Sennozid
Phosphosoda/Sodium Pegdin/PEG
A+B Calcium
Phosphate
n O/o n 0/o n 0/0
No 23 354 76 45.2 32 45.7
Drug side effect 0.353
Yes 42 64.6 92 54.8 38 54.3
Abdominal
. 18 429 38 41.3 11 28.9
Side effects| pain
associated with| Nausea and|
18 429 43 46.7 18 474 0.334
bowel cleansing| vomiting
medication Dizziness 3 7.1 5 5.4 7 184
Other 3 7.1 6 6.5 2 5.3

PEG: Polyethylene glycol
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When drug-related side effects were evaluated, it was observed that the patients most frequently
experienced nausea and vomiting (45.6%). Side effects were detected at a rate of 64.6% in those using lax
phosphosoda/sodium phosphate for bowel cleansing, in 54.8% in those using laxeno/sennozid A+B calcium
drug, and in 54.3% in those using pegdin/PEG drug. However, no statistical significance was found between

the groups. Among the side effects, nausea and vomiting were observed to be the most common side effects

in all three drugs (Table 2).

Table 3. Biochemistry Changes Before and After Colonoscopy

Before the procedure After the procedure p
n | Avarage SS |Min Max | Avarage |SS Min Max

= |Urea 28 130.33 14.64 |7.,00 |71.00 |30.57 18.33 8.00 110.00 |0.799
§ Creatinine |28 |0.87 0.32 047 1.99 [0.94 0.42 0.57 2.60 0.389
% mSodiur'n 27 |139.66 1.96 135.00 |143.00] 138.81 2.90 133.00 |143.00 |0.072
g grotassium | 57 1y 55 0.55 [3.40 [520 [4.12 0.54 290 |510  |0.086
"E_ & Phosphorus |7 |3.41 0.64 2.50 4.50 |4.98 2.22 3.80 10.00 0.027
« & Ay Calcium 20 [9.27 0.39 8.20 9.90 |9.16 0.65 7.60 10.30 0.344
SE g Magnesium |12 |1.87 0.14 1.49 2.03 [2.23 0.86 1.73 4.70 0.450
- Urea 56 [30.17 13.09 18.90 59.00 |29.14 14.54 9.00 107.00 ] 0.658
'g Creatinine |63 |0.84 0.19 0.53 1.50 |0.89 0.26 0.58 2.05 0.013
& 5 Sodium 56 |138.85 |2.52 133.00 |144.00138.17 2.87 125.00 |143.00 |0.081
A g Potassium 56 |4.36 0.51 1.97 510 [4.33 0.50 3.10 5.80 0.310
E & | Phosphorus |26 |3.36 0.85 1.20 470 |4.16 1.44 2.00 10.00 0.008
% e Calcium 46 |9.18 0.52 8.00 10.90 |9.31 0.52 8.30 10.40 0.069
— < | Magnesium |28 |1.86 0.22 1.47 2.28 |1.88 0.20 1.47 2.20 0.493
Urea 25 |36.56 2197 |7.00 107.00| 41.00 44.66 10.00 |227.00 |0.819
Creatinine |28 |0.96 0.40 0.44 1.83 [0.99 0.44 0.56 2.23 0.316
Sodium 25 |139.92  |2.88 132.00 |144.00]139.68 4.32 130.00 |148.00 |0.635
LE’ Potassium | 514 50 047 [370  [5.80 |4.42 0.50 350 |5.50  |0.240
E Phosphorus |12 |3.72 1.27 2.00 6.30 [3.55 0.71 2.10 4.50 0.666
T | Calcium 21 |8.85 0.72 6.70 9.80 [9.15 0.72 7.10 10.20 0.016
& Magnesium |8 1.96 0.13 1.78 2.18 |1.85 0.36 1.06 2.24 0.362

PEG: Polyethylene glycol

The BBPS applied to the patients was evaluated. It was observed that patients most frequently received
scores of 2 and 3 from all colon segments. Additionally, biochemistry parameters were evaluated before and
after the colonoscopy procedure. A statistically significant difference was detected between before and after
the procedure in terms of creatinine, Na, K, P and Ca parameters. Biochemistry parameters were evaluated

before and after colonoscopy according to the drugs used for bowel cleansing. There was a statistically
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significant difference in terms of P parameter between before and after the procedure in those using the drug
Lax phosphosoda/sodium phosphate, creatinine and P parameters between before and after the procedure in
those using the calcium drug laxeno/sennozid A+B, and Ca parameter between before and after the procedure

in those using the drug pegdin/PEG. A difference was detected (Table 3).

Table 4. BBPS Scores and Associated Factors

n %
A part of the intestine cannot be visualized in the colonoscopy due to solid stool 15 50
(0 point).
Presence of liquid or semi-solid stool in a part of the intestine (1 point). 62 20.5
The inner surface of the intestine (mucosa) is clearly visible and there is a small
_S amount of stool (2 points). 193 9
é The inner surface of the intestine (mucosa) is excellently visualized and there is % 307
= | no liquid (3 points)
A part of the intestine cannot be visualized in the colonoscopy due to solid stool o "y
(0 point).
g Presence of liquid or semi-solid stool in a part of the intestine (1 point). 58 19.1
E The inner surface of the intestine (mucosa) is clearly visible and there is a small 140 162
% amount of stool (2 points).
% The inner surface of the intestine (mucosa) is excellently visualized and there is 97 320
| no liquid (3 points)
A part of the intestine cannot be visualized in the colonoscopy due to solid stool - 73
(0 point).
Presence of liquid or semi-solid stool in a part of the intestine (1 point). 81 26.7
o The inner surface of the intestine (mucosa) is clearly visible and there is a small 118 389
% amount of stool (2 points).
:'3_:;0 The inner surface of the intestine (mucosa) is excellently visualized and there is % 071
# | no liquid (3 points)

According to age; BBPS scores were evaluated according to body mass index (over or below 65 years of
age), according to education level, income level, presence of comorbid diseases, family history of colon cancer,
and colonoscopy history. No statistically significant difference was detected in terms of BBPS scores of these
parameters. BBPS scores were evaluated according to the medications used for bowel cleansing. No

statistically significant difference was detected in terms of BBPS scores between those using lax
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phosphosoda/sodium phosphate, laxeno/sennozide A+B calcium and pegdin/PEG drugs for bowel cleansing.
Demographic data, presence of comorbid disease, family history of colon cancer, and colonoscopy history
were evaluated among those with adequate and inadequate bowel cleansing according to BBPS. There was no
statistically significant difference between those with adequate and inadequate bowel cleansing in terms of
demographic data, presence of comorbid diseases, family history of colon cancer and colonoscopy history

(Table 4).

DISCUSSION

Colonoscopy is the gold standard method in the diagnosis and treatment of the lower gastrointestinal
system. Intestinal preparation has an important place to increase the success of the procedure and prevent
repeat procedures. In this study, we evaluated the factors affecting the effectiveness and reliability of bowel
preparation and investigated what needs to be done for optimal preparation. The goals of ideal bowel
preparation are: the fecal content should be safely evacuated from the colon, the appearance and histology of
the colon mucosa should not be affected, cleaning should be achieved in a short period of time, cleaning should
be comfortable, and cleaning should not cause significant changes in the fluid and electrolyte balance (14).

It has been shown in the literature that the success of the colonoscopy procedure is affected by many
factors such as age, gender, comorbid disease, the agent used in preparation, and the patient's compliance
with the procedure (15). Due to insufficient cleaning during the colonoscopy procedure, the procedure cannot
be performed optimally and the procedure may need to be repeated. In the study conducted by Ness et al., an
inadequate colon cleansing was reported in 21.7% of colonoscopies (16). In their study, Kaplan et al. reported
that among all colonoscopy procedures, the excellent cleaning rate was 38%, the good cleaning rate was 17%,
the average cleaning rate was 26%, and the poor cleaning rate was 19% (17). When the colonoscopy procedures
in our study were evaluated, it was found that there was inadequate bowel cleansing at a rate of 25.4%. In
different studies, it has been found that the rates of bowel cleansing in procedures are different. We think that
this difference in the literature may depend on the sociocultural and socioeconomic characteristics of the

society in the regions where the studies were conducted, as well as the difference in the agents used before the
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procedure in the center where the procedure was performed, and the experience of the team following the
procedures.

It is thought that age and gender differences of the patients may also be factors in inadequate bowel
cleansing. Ozkan et al. reported in their study that they found that bowel preparation worsened as age
increased (18). In their study evaluating gastrointestinal endoscopic interventions in elderly patients,
Kandemir et al. reported that bowel preparation worsened with age, and that this deterioration was especially
significant in individuals over the age of 80 (19). Unlike these studies, there are also studies in the literature
reporting that there is no relationship between age and bowel cleansing (20). Regarding the relationship
between gender and bowel cleansing; there are also studies reporting that there is no difference between
genders, while there are studies stating that male gender is significant in insufficient bowel cleansing (21). In
our study, we found that there was no statistically significant difference when bowel cleansing rates were
compared between age and gender groups. When the effect of education level on bowel cleansing was
evaluated, Karayel et al. reported that they did not detect a statistically significant difference (22). In our study,
consistent with the literature, no statistically significant difference was detected between bowel cleansing
quality and educational status.

When comorbidities in patients undergoing the procedure were evaluated, no statistically significant
relationship was found between the presence of comorbidities and the quality of bowel cleansing. Goriicii et
al. (20) reported that there was no statistically significant difference between the presence of comorbid disease
and the quality of bowel cleansing. Unlike other studies, Karayel et al. only evaluated the relationship between
the presence of diabetes mellitus (DM) and the quality of bowel cleansing and reported that the presence of
DM negatively affected the quality of bowel cleansing, regardless of the agent used (21). In our study, no
statistically significant difference was found between the presence of comorbid disease and the quality of
bowel cleansing.

It is thought that the agents used for bowel cleansing may affect the quality. The aim of the studies is to
reveal the advantages and disadvantages of the agents used. In their study comparing the quality of intestinal

cleansing with the use of sodium phosphate and sennozide, Siiciillii et al. reported that adequate cleansing
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quality was achieved with both agents and that sodium phosphate was more easily tolerated by patients (15).
In another study comparing sodium phosphate, sennoside and PEG, it was reported that all three were similar
in terms of effectiveness and reliability (22). In our study, consistent with the literature, no statistically
significant difference was detected between the agents in terms of bowel cleansing quality.

When the side effects in the patients were evaluated in our study, an average of 56.8% side effects was
found. The most common side effects were nausea and vomiting in 45.9% and abdominal pain in 39%. When
they compared the sodium phosphate and sennoside groups in terms of side effects, Siiciillii et al. reported
that the sodium phosphate group was more easily tolerated (15). In our study, it was determined that there
was no statistically significant difference when the side effects recorded and the agents used were compared.

There are many studies on the effects of agents used in colonoscopy preparation on fluid electrolyte
balance. The advantages of PEG solutions are that they do not damage the colon mucosa and do not cause
electrolyte imbalance. There are studies reporting that PEG can be used safely in patients with a history of
heart failure, renal disease, decompensated cirrhosis and electrolyte imbalance (23). There are publications
and case reports indicating that sodium phosphate application may cause renal parenchymal damage, which
may progress to renal function decline, acute kidney injury and even end-stage renal failure, in addition to
electrolyte disturbances, although the mechanism is not fully understood, and this situation is called
"phosphate nephropathy" (24). There is no evidence that senna group agents cause electrolyte imbalance. Due
to the high sugar content it contains, careful use is recommended in patients with impaired blood sugar
regulation (12). In our study, there were sodium phosphate, PEG and sennozide usage groups, and kidney
function values and electrolytes were evaluated. In the sodium phosphate group, phosphorus was found to
increase significantly (p=0.02) in the post-procedure period. On the other hand, no significant change was
detected in urea-creatinine values. These data support the view that nephrotoxicity may be associated with an
increase in the dose used. In the group that underwent bowel cleansing with senna, a statistically significant
increase in creatinine and phosphorus values was detected after the procedure. In the PEG group, no

statistically significant changes were detected in kidney function tests and electrolytes.
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CONCLUSION

Colonoscopy is a gold standard method in diagnostic and therapeutic fields, and a successful
intervention is possible with optimal colonoscopy preparation. For this reason, the endoscopy team's detailed
evaluation of the patient's condition and choosing the most appropriate colonoscopy preparation method for
the patient will increase the success rate of the procedure and reduce the rate of unnecessary repeat procedures.
As a result, in this study, we found that age and gender have no effect on the quality of bowel cleansing. We
found that there was no correlation between the increase in educational status and the quality of bowel
cleansing. When the effects of the presence of comorbidities in patients were examined, we found that it had
no effect on the preparation quality. However, in our study, no additional evaluation was made regarding
specific comorbidities and whether these comorbid conditions were under control. When the difference in
cleaning quality and the presence of side effects were evaluated between the agents used, no superiority over
each other was determined. When renal damage and electrolyte imbalance that may develop due to the agents
used were evaluated, it was determined that there was no effect after the use of PEG, phosphate was high after
the use of sodium phosphate and senna, and creatinine was high after the use of senna. However, how long
this imbalance that developed after the use of sodium phosphate and senna continued and the status of
permanent damage were not evaluated. And the dose of the agents was not adjusted according to the
characteristics of the patient group. We believe that clearer data on this subject can be obtained through studies

with longer follow-up and different dosage adjustments.
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ABSTRACT

Objective: The study seeks to provide valuable insights into the outcomes of anesthesia and surgical
practices employed in our institution, addressing the challenges posed by preoperative conditions such as
heart failure, inotropic support requirements, and mechanical ventilation needs, particularly in the delicate
population of newborns.

Materials and Methods: Our investigation conducted a retrospective analysis encompassing all patients
who underwent surgery for aortic coarctation at the Pediatric Cardiac Surgery Clinic of the 350-bed Dr.
Behget Uz Child Disease and Pediatric Surgery Training and Research Hospital between 2012 and 2021.
Results: The study encompassed a cohort of 97 patients spanning from newborns to adolescents, with 61
males and 36 females, revealing a 19.5% incidence of genetic anomalies. Intraoperatively, 4.1% of patients
required vasodilators, and 13.4% had a triple inotropic requirement. Postoperatively, monitoring
distribution included 59 patients in the cardiac surgery intensive care unit, 36 in the neonatal intensive care
unit, and 2 in the pediatric intensive care unit. Early extubation within the first 24 hours was achieved in
57.7% of patients.

Conclusion: This research contributes critical insights aimed at refining treatment strategies and enhancing
overall outcomes, with particular attention to addressing challenges related to delayed extubation and

postoperative vasodilator requirements.

Keywords: Aortic coarctation, surgery, anesthesia, postoperative complications, risk factors.
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INTRODUCTION

The prevalence of congenital heart disease has demonstrated a marked increase over the past three
decades, particularly in developed countries, while maintaining relative stability globally. Noteworthy rises
have been particularly prominent in Western European nations such as Germany, Austria, and France (1).
Serving as a cultural and geographic bridge between Western and Eastern regions, Turkey experiences an
annual incidence of approximately 11,000 to 17,000 newborns with congenital heart disease, necessitating
intervention or surgery in 5,000 to 6,000 cases due to critical congenital heart disease (2). Among these
conditions, aortic coarctation ranks among the twelve most prevalent critical congenital heart diseases,
boasting a prevalence of 5.8 per 10,000 live births and emerging as the most prevalent within this group (3,4).

In the pediatric population, aortic coarctation manifests as a cardiac anomaly characterized by a
congenital obstruction in the aortic lumen, potentially accompanied by aortic arch lesions. Clinical
presentations range from heart failure and cardiovascular collapse to organ failure, acidosis, shock, and, in
severe cases, even death, contingent on the degree of left-sided heart obstruction (5). Aortic coarctation may
manifest in isolation or concomitantly with genetic anomalies, cardiac anomalies, respiratory system
anomalies, abdominal wall anomalies, and brain anomalies (6). Intracardiac defects associated with aortic
coarctation encompass ventricular septal defect (VSD), atrial septal defect (ASD), atrioventricular septal defect
(AVSD), left ventricular out-flow tract obstruction, left ventricular hypoplasia, aortic arch hypoplasia, patent
ductus arteriosus (PDA), the double outlet of the right ventricle (DORV), and total anomalous pulmonary
venous connection (TAPVC) (7-9). Approximately 20-30% of pediatric patients with coarctation exhibit a
bicuspid aortic valve (8-10).

The urgency of surgical treatment for aortic coarctation hinges on the preoperative clinical situation,
presenting challenges such as preoperative heart failure, the requirement for inotropic support, and the need
for mechanical ventilation, particularly in newborns. This study aims to offer a comprehensive understanding
of the preoperative clinical characteristics associated with pediatric aortic coarctation cases subjected to
surgical intervention. Additionally, the study seeks to provide valuable insights into the outcomes of

anesthesia and surgical practices employed in our institution, addressing the challenges posed by preoperative
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conditions such as heart failure, inotropic support requirements, and mechanical ventilation needs,

particularly in the delicate population of newborns.

MATERIALS AND METHODS

Our investigation conducted a retrospective analysis encompassing all patients who underwent surgery
for aortic coarctation at the Pediatric Cardiac Surgery Clinic of the 350-bed Dr. Behget Uz Child Disease and
Pediatric Surgery Training and Research Hospital between 2012 and 2021. The approval was obtained from
the ethics committee of the Dr. Behget Uz Child Disease and Pediatric Surgery Training and Research Hospital

on 19/11/2020 with protocol number 2020/16-08. Informed consent was secured from the parents of all patients.

Data collection

Patient information, including age, gender, weight, height, body surface area (BSA), blood type,
American Society of Anesthesiologists (ASA) score, RACHS (Risk adjustment for congenital heart surgery)
score, genetic anomalies, accompanying cardiac defects, history of non-cardiac surgery, history of
cardiopulmonary resuscitation (CPR), preoperative investigations (echocardiography findings, trans-fontanel
ultrasonography findings, laboratory results), and preoperative clinical findings (heart failure, inotropic
requirements, mechanical ventilation requirements, renal insufficiency), was extracted from medical records
and hospital automation system records.

Intraoperative data were systematically collected, encompassing the type of operation, surgical
technique, additional cardiac surgeries performed, intraoperative complications, anesthesia duration,
intraoperative inotropic requirements, and postoperative lactate levels.

Postoperative data recorded included vasodilator infusion, complications, duration of mechanical
ventilation, intensive care, hospital stay, VVR score, need for additional surgeries and anesthesia, and

mortality.
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Anesthesia management

Upon admission to the operating room, patients received intravenous midazolam at a dose of 0.05
mg/kg. Subsequently, warming procedures were initiated, and monitoring was conducted, encompassing
electrocardiogram (ECG), non-invasive blood pressure, peripheral oxygen saturation, Bispectral Index
(Medtronic, Minne-apolis, MN, USA), and Near-infrared Spectroscopy (INVOS; Medtronic, Minneapolis,
Minnesota, USA).

Anesthesia induction involved midazolam (0.1 mg/kg), ketamine (2 mg/kg), fentanyl (1 mcg/kg), and
low-dose sevoflurane inhalation, followed by intravenous rocuronium (1 mg/kg) administration and
endotracheal intubation. Tidal volume was maintained at 8-10 ml/kg with end-tidal carbon dioxide (etCO2)
monitoring. Positive end-expiratory pressure (PEEP) was applied as 5cmH20 in all patients. If the airway
pressure was not high after intubation, the volume-controlled mode was preferred; if it was high, the pressure-
controlled mode was preferred. Respiratory rate was adjusted according to the patient's age and metabolic
status to maintain arterial carbon dioxide (PaCO2) levels of 35-45 mmHg. The lowest effective FiO2 level was
used to keep oxygen saturation within the range of 92-98.

The left arm was not used because the subclavian artery was usually clamped or tied, and arterial
monitoring was performed from the right radial artery. Acid-base balance was regularly monitored through
blood gas analysis and ventilator settings were adjusted according to these values when necessary.
Prostaglandin E1 infusion, which was started to allow postductal flow in infants, was continued. Central
venous catheterization was executed via the left internal jugular vein, initiating intravenous fluid resuscitation
at a rate of 10 ml/kg. The fluid infusion was adjusted based on central venous pressure monitoring.

Proximal and distal blood pressure differences were monitored during aortic clamping. When the aorta
is cross-clamped, proximal aortic pressure increases while distal aortic pressure decreases. No attempt was
made to reduce this pressure to normal values using a vasodilator, as this would lead to inadequate perfusion
of the spinal cord. However, uncontrolled hypertension was not allowed. Since vasodilation and temporary

hypotension may occur when the aortic clamp is removed, inotropic support was available to prevent
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hemodynamic fluctuation. Inotrope infusion selection and dose adjustment were made according to the
patient's clinical condition and weight.

To prevent acidosis due to increased lactic acid and PaCO2, especially before removing the aortic clamp,
mild hyperventilation was performed by increasing the respiratory rate. Post-repair, clamps were removed,
hemostasis was achieved. Pressurized ventilation was applied to eliminate atelectasis that occurred before the
thorax was closed. Closure procedures were applied with attention to lung expansion, and postoperative pain
was managed with pethidine and paracetamol. If the patient's hemodynamics were stable, blood gases were
normal, and temperature was appropriate, he was extubated under operating room conditions. Patients were

closely monitored in the intensive care unit for the initial 24 hours post-surgery.

Statistical analysis

Statistical analyses were conducted using SPSS 27.0 (IBM SPSS Corp.; Armonk, NY, USA). Descriptive
statistics were presented in tabular form, representing continuous variables as mean + standard deviation or
median, minimum, and maximum, based on distribution. Categorical variables were summarized as numbers
and percentages. The normal distribution characteristics of variables were analyzed with Kolmogorov-

Smirnov and Shapiro-Wilk tests.

RESULTS

The study encompassed a cohort of 97 patients spanning from newborns to adolescents, with 61 males and 36
females, revealing a 19.5% incidence of genetic anomalies. Isolated aortic coarctation was identified in 26
patients, while additional cardiac anomalies were observed in others (Table 1). Notably, balloon angioplasty
had been previously performed in 14.4% of patients, and 4.1% underwent non-cardiac surgery during the
preoperative period. The preoperative assessment indicated an ASA V score in 3.1% of patients. During this
period, 27 patients required inotropic support for heart failure, 22 patients needed mechanical ventilation, four

experienced kidney failure due to perfusion impairment, and six presented with cerebral pathology (Table 1).
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The predominant surgical approach was left thoracotomy, and various surgical techniques were applied to
patients, as detailed in Table 3 and Figure 1(a). Difficult intubation emerged as the most common anesthesia
complication in patients with genetic anomalies. Intraoperatively, 4.1% of patients required vasodilators, and

13.4% had a triple inotropic requirement (Table 2).

Table 1. Demographic and Preoperative data

Demographic data Preoperative data
n (%) n (%)
Age
Newborn 41 (42.3 %) RACHS score, mean 8.15 (6-16)
Infant 37 (38.1 %) ASA score
Toddler 8 (8.2 %) I 72 (74.2 %)
Preschool 2(2.1%) v 22 (22.7 %)
School 41 (42.3 %) \4 3(3.1%)
Adolescent 37 (38.1 %) Preoperative non-cardiac surgery 4 (4.1 %)
Tracheoesophageal fistula 2 (2.1 %)
Gender Hirschsprung 1(1%)
Male 61 (62.9 %) Intestinal perforation 1(1%)
Female 36 (37.1 %) History of Preoperative CPR 2 (2.1 %)
Weight, mean (min-max) 3.8 (1.8-63) History of preoperative COVID-19 1(1 %)
Height, mean (min-max) 52 (43-170) Arrhythmia
BSA, mean (min-max) 0.34 (0.15-1.72) Long QT syndrome 1(1%)
Genetic abnormality 19 (19.5 %) Pulmonary hypertension 22 (22.6 %)
Hypoplastic aortic arch 47 (48.4 %) Valve anomaly
Other cardiac defects Mitral regurgitation 2 (2.1 %)
VSD 28 (28.8 %) Tricuspid regurgitation 10 (10.3 %)
ASD 19 (19.5 %) Aortic stenosis 3 (3.1 %)
Pulmonary stenosis 6 (6.2 %) Left ventricular concentric hypertrophy 11 (11.3 %)
AVSD 3(3.1%) Pericardial effusion 2 (2.1 %)
Heterotaxy syndrome 3 (3.1 %) Preoperative mechanical ventilation 22 (22.6 %)
DORV 2 (2.1 %) Preoperative heart failure 31 (31.9 %)
Shone complex 2(2.1%) Preoperative need for medication
Tetralogy of Fallot 1 (1%) Positive Inotropes 27 (27.8 %)
TAPVC 1(1%) Milrinone 7 (7.2 %)
Bicuspid aortic valve 22 (22.6 %) Prostaglandin E1 14 (144 %)
Coarctation type Preoperative renal failure 4 (41 %)

Discrete
Tubular

76 (784 %)
21 (21.6 %)

Preoperative trans fontanel ultrasonogra-phy

Normal

62 (91.1 %)

Localization of coarctation Germinal matrix hemorrhage 5(7.4 %)
Juxtaductal 89 (91.7 %) Hydrocephaly 1 (1.5 %)
Preductal 8 (8.3 %)

Preoperative peak gradient, mean (min-max) 45 (30-100)

History of balloon angioplasty intervention 14 (14.4 %)

* BSA: body surface area , #VSD: ventricular septal defect, T ASD: atrial septal defect , f AVSD: atrioventricular septal defect , § DORV: the
double outlet of the right ventricle, ** TAPVC: total anomalous pulmonary venous connection. * RACHS: Risk adjustment for congenital heart
surgery, #ASA: American Society of Anesthesiologists, t CPR: cardiopulmonary resuscitation

511



‘lllk ‘llh
E3)
= A |4 A 4 |

EANDROS

MEDICAL AND DENTAL JOURNAL Meandros Medical and Dental Journal
December 2024(4):506:518 d0i:10.69601/meandrosmd;j.1532632

Postoperatively, monitoring distribution included 59 patients in the cardiac surgery intensive care unit, 36 in
the neonatal intensive care unit, and 2 in the pediatric intensive care unit. Early extubation within the first 24

hours was achieved in 57.7% of patients (Figure 1 b).

= Newborn (0-1 month) =infant (1 ay-1 age) u Toddler (1-3 age) = Newborn (0-1 month) = Infant (1 month-1 age)
Preschool (3-6 age) mSchool age (6-12 age) m Adolescent (12-18 age) = Toddler (1-3 age) Preschool (3-6 age)
22,5 u School child (6-12 age) u Adolescent (12-18 age)

15
75
0
END-TO END ANASTOMOSIS SUBCLAVIAN FLAP PATCHPLASTY
AORTOPLASTY

(a) (b)

Figure 1. (a) Distribution of operation types according to pediatric age, (b) Distribution of extubations

performed in the first 24 hours postoperatively

The prevalent cardiac-related complication in the postoperative period was identified as low cardiac output
syndrome (LCOS). Five patients required non-cardiac surgical interventions during this period, necessitating
general anesthesia. The overall mortality rate stood at 9.3%, with an early mortality rate of 5.2% attributed to
cardiac reasons and the remaining 4.1% linked to prolonged hospitalization leading to sepsis in the neonatal

and pediatric intensive care units (Table 2).
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Table 2. Intraoperative and Postoperative data

Intraoperative data

Postoperative data

n (%) n (%) Mean
(min-max)
Operation type Vasodilators infusion 7 (7.2 %)
Thoracotomy 95(97.9 %) VIS score 13.7 (0-143,7)
Sternotomy 2 (2.1 %) VVR score 21.0 (0-186.5)
Surgical technique Extubation time
End-to-end anastomosis 15(15.4 %) 0-24 hours 56
(57.7 %)
Subclavian flap aortoplasty 35(36.1 %) 25-48 hours 9 (9.2 %)
Patchplasty 47(48.4 %) 49-72 hours 4 (4.1 %)
Simultaneous cardiac surgery 73-96 hours 8 (8.2 %)
Pulmonary artery banding 15(15.4 %) >97 hours 20 (20.6
Modified Blalock-Taussig shunt 1 (1 %) ICU stay (days) 18.9 (1-111)
Thromboendarterectomy 1(1%) Neonatal ICU 38.2 (1-111)
Complications Cardiovascular surgery ICU 5.8 (1-18)
Difficult intubation 4 (4.1 %) Pediatric ICU 57.5 (20-95)
Bradycardia 2 (2.1 %) Postoperative complications
Intraoperative need for vasodilators 4 (4.1 %) Re-intubation 3 (3.1 %)
Intraoperative need for inotropes Bradyarrhythmia 3 (3.1 %)
One 35(36.1 %) LCOS 5 (5.2 %)
Two 25(25.7 %) Seizure 2 (2.1 %)
Three 13(13.4 %) Sepsis 4 (4.1 %)
Mean (min- | Postoperative need for surgery
max) or anesthesia
Lactate value at the end of the | 2(0.8-6.4) Re-coarctation 4 (4.1 %)
operation (mmol/l)
Anesthesia time (minute) 217.8 (80- VSD and pulmonary artery | 5 (5.2 %)
400) debanding
Pulmonary  venous return | 1(1 %)
anomaly
Supravalvular aort stenosis 11 %)
Vena cava superior candida | 1 (1 %)
vegetation
Subdural hematoma draining 1(1 %)
Bronchoscopy 2 (2.1 %)
Tracheostomy 2 (2.1 %)
Mortality 9 (9.3 %)
Early (LCOS) 5 (5.2 %)
Late (Sepsis) 4 (4.1 %)

* VIS: vasoactive inotropic score, #VVR: Vasoactive-Ventilation-Renal, + ICU: intensive care unit  LCOS: low cardiac output syndrome,

§ VSD: ventricular septal defect

DISCUSSION

This study delves into the surgical management of pediatric patients undergoing aortic coarctation

surgery, with an emphasis on anatomical classification and clinical implications. Anatomically, aortic

coarctation is predominantly classified based on the location of the obstructed area in the ductus arteriosus,

with juxta ductal stenosis being the most common, alongside the preductal and postductal stenosis (5).

Clinical manifestations of aortic coarctation, often asymptomatic in the neonatal period before ductus

arteriosus closure, can progress to respiratory failure and various symptoms, including left ventricular

hypertrophy, cardiomegaly, heart failure, and pulmonary edema if diagnosed late (5). Our study identified
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heart failure in 31.9% of patients, with 27.8% requiring inotropic infusion, aligning with literature reporting
preoperative heart failure rates ranging from 11.2% to 32% (11-12).

Preoperative renal failure, observed in 12% of aortic coarctation cases in previous studies, adds to the
complexity (11). Mechanical ventilation, especially in critically ill pediatric patients, may extend hospital stays
after congenital heart surgery. Additionally, aortic arch hypoplasia is prevalent in 31% of infants, often
accompanied by other intracardiac pathologies (13).

Pediatric anesthesia management for aortic coarctation necessitates meticulous monitoring, slow
induction, and successful intubation. Airway abnormalities and difficult intubation risks are higher,
particularly in patients with genetic syndromes and congenital heart disease, underscoring the importance of
preoperative identification to prevent complications (14).

Blood pressure must be carefully managed during aortic coarctation surgery. Hemodynamic
fluctuations can adversely affect organ perfusion. Therefore, invasive blood pressure monitoring will help
evaluate the effectiveness and safety of the applied treatment. Inotropic support may be required to balance
hemodynamic fluctuations that may occur during anesthesia induction and maintenance. In addition, sudden
hemodynamic changes may occur during the clamping and unclamping of the aorta in the intraoperative
period and the use of inotropes may be required (15,16). After the cross-clamp is removed, infants generally
do not have hypertension, but older children experience paradoxical blood pressure elevations that need to be
controlled aggressively. Uncontrolled hypertension may pose a risk of cerebral hemorrhage. Adequate pain
control and early extubation may help prevent postoperative hypertension (16).

Each patient should be evaluated individually and ventilator parameters should be adjusted according
to the specific needs of the patient. Appropriate tidal volume adjustment under general anesthesia helps
prevent over ventilation and lung damage. The respiratory rate should be adjusted according to the patient's
age and metabolic status to maintain target (PaCO2) levels. Application of PEEP supports alveolar stability
and reduces the risk of atelectasis. However, excessive PEEP application should be avoided because this may
negatively affect cardiac output by reducing venous return. Since prolonged application of high FiO2 levels

can lead to oxygen toxicity, it is preferable to keep them as low as possible. Pressure-controlled ventilation
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modes may be preferred to avoid excessive airway pressures. This helps protect lung tissue and reduces the
risk of barotrauma. The effect of positive pressure ventilation on hemodynamic parameters should be
considered. Adjustments should be made to take into account the potential effects of ventilation settings on
cardiac output and blood pressure, especially during aortic clamping. Atelectasis may occur due to long
surgical procedures and inadequate ventilation. Pulmonary edema may develop due to fluid accumulation in
the lungs as a result of deterioration of fluid balance and heart failure.

Acid-base balance should be monitored regularly by blood gas analysis and ventilator settings should
be adjusted according to these values when necessary. In particular, PaCO2 and pH levels are important in
evaluating the effectiveness of ventilation strategies. Ventilation and perfusion disorders can lead to acidosis
or alkalosis. In particular, changes in calcium and potassium levels can affect cardiac and neuromuscular
functions.

Postoperative complications encompass a spectrum, including persistent hypertension, low cardiac
output syndrome (LCOS), chylothorax, recoarctation, renal failure, necrotizing enterocolitis (NEC),
neurological complications, diaphragm paralysis, bronchial compression, and left recurrent laryngeal nerve
injury (5,8,10,13). Our study identified a postoperative complication rate of 17.6%, including sepsis and
reintubation, with a direct complication rate of 8.3%.

Infants operated for aortic coarctation face increased mortality risks associated with prematurity, low
birth weight, genetic anomalies, mechanical ventilation, renal failure, sepsis, and necrotizing enterocolitis (6).
Complex cardiac lesions further elevate hospital stay and mortality rates (11). Despite including patients with
severe heart failure, our study had no intraoperative mortality, with an early mortality rate within the first 30
days at 5.1%.

In Turkey, where approximately one-third of congenital heart diseases are critical and require early
intervention, risk factors for prolonged postoperative hospital stay in pediatric patients undergoing isolated
aortic coarctation surgery include prematurity, genetic abnormalities, congenital anomalies, non-cardiac

surgeries, and a Vasoactive-Ventilation-Renal (VVR) score exceeding 25 for 12 hours postoperatively (2,6,17).
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The VVR score emerges as a valuable predictor for outcomes in pediatric cardiac surgery, aiding in
anticipating prolonged intensive care and hospital stay, ventilation duration, and mortality (18,19). Maller
newborns and those receiving higher opioid amounts pose risks for delayed extubation, necessitating careful
consideration in pediatric patients with aortic coarctation (20). In pediatric patients with extubation in the
operating room after aortic coarctation, it has been noted that postoperative intensive care stay does not
decrease, and there is a longer need for vasodilators due to high blood pressure (21). Repair of aortic
coarctation surgery under cardiopulmonary bypass (CPB) in conjunction with other heart malformations
highlights prolonged operation duration as an independent risk factor for perioperative brain injury in

children under two years old (22).

CONCLUSION

In summary, this study contributes essential insights into the complexities of aortic coarctation surgery in the
pediatric population, enhancing our understanding of the clinical landscape and offering valuable guidance
for treatment strategies and outcomes improvement. The findings underscore the multifaceted nature of aortic
coarctation, emphasizing the significance of risk factor identification for tailored postoperative care. The VVR
score emerges as a robust predictor, facilitating outcome anticipation in pediatric cardiac surgery. Addressing
challenges related to delayed extubation and post-extubation vasodilator needs is crucial for optimizing
patient management. Anesthesia management plays a central role in preventing complications during and
after surgery. Continuous monitoring of hemodynamic parameters, appropriate adjustment of ventilator
parameters, appropriate fluid and drug management, pain control and keeping the patient's physiological
condition stable reduce the risk of complications. Optimal management of these factors is essential in
increasing surgical success and ensuring patient safety. In addition, it is important for the anesthesia team to

work in coordination with the surgical team for early detection and intervention of possible problems.
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