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Abstract
Aim: The purpose of the this study was to assess the effect of continuous wave of condensation (CWCT) and thermoplastic gutta-

percha injection (TGI) techniques on the viability and mRNA expressions of mineralized tissue-associated proteins of human peri-

odontal-ligament mesenchymal stem-cells (hPDL-MSCs).

Methods: hPDL-MSCs were isolated from premolar-teeth. Roots of human premolar-teeth were placed vertically to the cell-culture
dishes. Six groups were designed as follows: control 1 (without teeth, C1); control 2 (with teeth C2); AH Plus group (AH); single-cone
obturation group (SC); CWCT and TGI. The viability of the hPDL-MSCs was analyzed by 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tet-

razolium bromide at 24 h and 96h. RNA was isolated from the hPDL-MSCs at 24 hrs and cDNA synthesis was performed. The mRNA

expression of mineralized tissue-markers including bone sialoprotein (BSP), osteocalcin (OCN), runt-related transcription factor-2
(Runx2), type I collagen (COL I), alkaline phosphatase (ALP), were evaluated by quantitative real time polymerase chain reaction
(qRT-PCR).

Results: Reduced cell viability was observed in all groups except the controls. When SC and CWCT and TGI groups were compared, it

was observed that heat had a significant negative effect on cell viability (p < 0.05). Reduction in the mRNA expressions of BSP, OCN,
and ALP were observed at the test groups and this negative effect was higher in the heat treated groups (p < 0.05).

Conclusion: Warm gutta-percha techniques reduced mRNA expressions of mineralized tissue-associated proteins which are critical
for the functions of PDL-MSCs during healing at the apical region after endodontic treatment.
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Introduction
The root canals should be filled with a homogeneous, inert,

dimensionally stable and easily manipulated material which has
plastic consistency that can take the internal shape of the root ca-

nals [1]. Use of a thermoplastic core material in combination with

an endodontic sealer which has the properties listed above is the
most widely accepted approach by the endodontists [2]. Gutta-

percha (GP) is still the most popular core material used in canal
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filling [3,4]. No other materials can be considered as a possible replacement for GP in its various forms. Hence, GP can be considered
as a gold standard material for obturation [5].

GP can be used in variety of ways to obturate root canals. The

single-cone technique is much faster and easier to operate [6] and

can provide satisfactory obturation of the root canal [7] thus this

method has gained popularity. Warm GP obturation techniques
produce 3-dimensional root canal obturations because thermoplasticized GP can fill better canal irregularities than solid GP
points [8]. On the other hand, heat generated in the canal cavity

with warm GP techniques can be transmitted to the periodontal tis-
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apical region of the tooth may not be satisfactory. In addition to

chemical content of the root canal filling materials, the increase

in temperature during the application procedures may have effects on the cells. In a previous study, the effects of temperature
rise during the application of warm gutta-percha techniques on the

mRNA expressions of heat-shock proteins (HSP) and mineralized
tissue-associated proteins of the immortalized mouse cementoblasts (OCCM.30) were evaluated [24]. The results showed that

heat-shock proteins and mineralized tissue-associated proteins of
cementoblasts were reduced with warm gutta percha techniques.

Any additional negative effects of warm gutta-percha techniques

sues and alveolar bone through dentin, cementum, PDL and dam-

on tissues in cellular level was reported while the only report was

irreversible damage of periodontal tissues [12-14]. The thermal

The effects of warm gutta-percha techniques on hPDL-MSCs which

age can be occur in the tissues by high heat transfer [9-11]. A tem-

perature rise above 10°C of normal body temperature can cause
stimulus received during thermo mechanical compaction of gutta-

percha was reported to sufficient to cause periodontal membrane
trauma while this effect is rapidly dissipated in vivo [13].

Periodontal ligament is a unique tissue in the human body be-

tween two mineralized tissues and plays critical role during the

function of the teeth i.e. suspension when the tooth exposed to the
forces and remodeling/regeneration capacity during the wound

healing or orthodontic treatment synthesizing required proteins,
enzymes, cytokines and their inhibitors [15,16]. This specialized

published by Azmaz., et al. (2020) in a previous study by evaluating

cementoblasts behavior. Therefore, this issue seems still unclear.

are critical for apical healing was questioned in the present study.

Thus, the purpose of this study was to assess the effect of continu-

ous wave of condensation technique (CWCT) and thermoplastic

gutta-percha injection (TGI) techniques on the mRNA expressions
of hPDL-MSCs. The hypothesis was that temperature increase during the application of warm gutta-percha techniques negatively affects differentiation of the hPDL-MSCs.

Materials and Methods

This study was approved by Selcuk University Faculty of Dentist-

tissue made possible these critical functions with these MSCs dif-

ry Ethical Committee (2017/14) Konya, Turkey. Extracted human

During endodontic treatment, PDL around the apical region is

Apical of the roots were removed in order to provide a flat surface

ferentiating cementoblasts, osteoblasts or fibroblasts [17,18].

inevitably exposed by several endodontic materials or solutions.
Therefore, the endodontic therapy should provide biocompatible
environment for the cells in the PDL. However, both chemical com-

positions of the applied materials and/or temperature changes

during the treatment may have negative effects on the cells vicinity
of the apex [19-21]. Proliferation and the differentiation of PDLMSCs are critical biological events for the healing of apical lesion

to obtain new cementum and new bone [22]. Mineralized tissue-

related genes (COL I, OCN, BSP, Runx2, ALP) play critical roles for
the differentiation of human periodontal-ligament mesenchymal

stem-cells (hPDL-MSCs) [23]. Negative effects on these mineralized
tissue differentiation markers mean that wound healing around

premolar-teeth with single and straight-canals were decoronated
by using a thin diamond disc (Horico Dental, Berlin, Germany).
contact in cell-culture dishes. In order to provide a perfect fit to cell

culture dish, thus 10 mm long roots were obtained for cell-viabil-

ity assay. For RNA expression assay, 14 mm long roots were used.
Working lengths were determined with K-file (Dentsply, Maillefer,

Ballaigues, Switzerland) and the root-canals were prepared up to

the ProTaper Next X5 file in combination with 2 ml 2.5% sodium

hypochlorite (NaOCl) irrigation between each file. Sterilization of
the roots was provided (121°C for 20 min) and the roots were then

fixed vertically to the cell-culture dishes (Figure 1). A total of 40
roots were used. For cell viability experiments, sample size was 3
for each group and for each time points (n = 30). Two roots were
used in each group for RNA isolation tests (n = 10).
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at the apical, the authors decided to keep the plugger within the
canal for 90 seconds [24]. The laboratory conditions were similar to this previous study thus in the present study the plugger

[.06 (Buchanan Heat Plugger) (Sybron Endo)] was inserted 3 mm

above the apex and heat was applied for 90 seconds. The heat was
re-applied and the plugger was quickly removed from the canals.

Harmful effect of initial temperature rise at apical was targeted in
this study thus temperature decrease while removing the plugger

was disregarded at this moment. A hand instrument was then used

to condense the gutta-percha. It was planned to remove the over or
under-filled samples from the study therefore optimum care was
Figure 1: Schematic drawing of the experimental set-up.
The following test groups were created:
1.

Control 1 (C1): Control cell group without root samples;

3.

Sealer group (AH): Group with root-canal sealer. The root

2.

4.

Control 2 (C2): Control group with sound roots;

canals in this group were dried with sterile paper-points

and filled with AH Plus (Dentsply De Trey, Konstanz, Germany).

Single-cone group (SC): Group with gutta-percha and

root-canal sealer the root-canals in this group were dried
and filled with ProTaper Next X5 gutta-percha cones in

combination with AH Plus using with single cone technique. Gutta-cut (VDW, Germany) was used to cut the
5.

confirmed. The remaining coronal portion of each tooth was then
filled according to the manufacturer’s instructions.

Cell culture experiment

Human periodontal ligament (hPDL) tissues were obtained

from premolar teeth extracted for orthodontic reasons. Three
donors who were systemically periodontally healthy (12, 15, 18

years old, 2 female,1 male) were the volunteers. Written informed
consent forms were obtained and the study was approved by the

Ethics Committee of the Faculty of Dentistry, Selcuk University.

Undifferentiated pdl-MSCs (n=3, passage 3) were checked for anti-

bodies against the human antigens (CD5, CD7, CD10, CD11b, CD13,

CD14, CD15, CD19, CD29, CD33, CD34, CD44, CD45, CD71, CD73,
CD90, CD105, CD106, CD117, CD146, CD166, HLA-ABC, and HLA-

DR) using FACS Calibur (BD Biosciences, San Jose, CA, USA) and the
results were analyzed for MSC specific markers utilizing software
CellQuest (BD Biosciences).

Mesenchymal stem cells characteristics of hPDL were described

coronal gutta-percha.

International Society for Cellular Therapy [25]. Mesenchymal stem

AH Plus, the gutta-percha cartridge was heated at 150⁰C,

differentiation capacity of hPDL-MSCs were determined according

TGI group: After drying and filling the root canals with

the tip of the cannula was inserted into the canal and the
canals were filled by using dental thermoplastic gutta-

6.

paid during the obturation procedures. The lack of extrusion was

percha injection technique.

CWCT group: The root-canals in this group were filled
and prepared as Group 4. The unit of the Elements™ free
Cordless Obturation System (SybronEndo) was set to
200°C. In a pilot study, Azmaz., et al. (2020) measured the

temperature rise at apical via thermocouples in a 20°C
laboratory environment and in order to reach 38.7°C

cell definition experiments including flow-cytometric analysis, immunofluorescence staining, telomerase activity and multilineage
to a previously published protocol [18].
MTT assay

The effect of warm gutta-percha techniques on cell-viability

of hPDL-MSCs was measured using the 3- (4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. For this

purpose, hPDL-MSCs were seeded in 96-well plate at a density of
10.000 cells/well for 24-hour and 96-hour experiments. After 24
hours of hPDL-MSCs attachment, the root specimens were careful-
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ly moved to 96-well plates, and root canals were clouded accord-

mineralized tissue markers (BSP, OCN, Runx2), COL I, ALP) are

hPDL-MSCs cell-viability, 200 μl MTT (0.55 mg/ml) was added to

Primer
Forward
Reverse
ALP
CATTTGCCCTGAAACTC CACCCTTCCTCCCTGCTGTA
BSP
GCCTGTGCTTTCTCAATG TTCCTTCCTCTTCCTCCTC
OCN
CATGAGAGCCCTCACA
AGAGCGACACCCTAGAC
Runx2 CTTCATTCGCCTCACAAAC
GTCACTGCGCTGAAGA
COL I
TTTGTGGACCTCCGGCTC AAGCAGAGCACTCGCCCT
GAPDH ACCACAGTCCATGCCAT- TCCACCACCCTGTTGCTGTA

ing to the manufacturer’s protocol in laminar flow cabinet. After
two different waiting periods (24 - 96 hours), in order to evaluate

the culture medium and incubated at 37°C under 5% CO2 for 4h
then dripped with 200 µl of DMSO. The absorptions were read
with ELISA reader at 540 nm (μ Quant Bio-Tek Instruments Inc,
Winooski, USA).

Total RNA Isolation and complementary DNA synthesis
To determine the effect of continuous wave of condensation

(CWCT) and thermoplastic gutta-percha injection (TGI) techniques
on mRNA expressions of mineralized tissue-associated proteins of
hPDL-MSCs were incubated in 60 mm cell culture dishes at 25 ×
103 cells/cm2 for 24h. Then, root specimens (n = 2) were placed

in 60 mm cell culture dishes in the insert tool for heat application.

Following this step, total RNAs isolated from hPDL-MSCs using a

monophasic solution of phenol and guanidine isothiocyanate (Invitrogen, Camarillo, CA, USA) at 24h after exposure to heat.

Complementary DNA (cDNA) synthesis and quantitative reverse transcription-polymerase chain reaction (RT-PCR)
The RNA concentrations were measured by nanodrop and sin-

gle-stranded complementary DNA (cDNA) was performed from 1
μg of total RNA using cDNA synthesis kit (RevertAid First Strand

cDNA Synthesis Kit; Thermo Scientific, Waltham, MA, USA) as previously described (Bozkurt., et al. 2019). Real-time PCR experiment

listed in table 1.

CAC

Statistical analysis

Table 1: List of primers.

The cell viability assay (MTT) results were analyzed using a

one-way analysis of variance (ANOVA) combined with Dunnett test

and Tukey honestly significant difference test. The data are presented as mean ± SD. A value of P < 0.05 was considered statisti-

cally significant, and a value of P < 0.01 was considered statisti-

cally highly significant. RT-PCR results were normalized using the

comparative Ct method and the normalized values were compared
with one-way analysis of variance (ANOVA). The increase and decrease of the expression of target genes compared to GPADH were

given over 95% confidence intervals and p < 0.05 was considered
statistically significant.

Results

was performed using the Stratagene MX3000P System (Stratagene
MX3000P, La Jolla, CA, USA) and SYBR Green QPCR Master Mix

MTT assay

The reaction mixture contained 1 μL of cDNA template, 12.5 μL of
SYBR Green QPCR Master Mix, 0.5 μL each of the forward and re-

MTT at 24 and 96h. As shown in figure 2, cell viability was signifi-

make up the final volume to 25 μL. Each reaction was performed

cantly reduced in all groups at the end of 24 hrs when compared to
AH, SC and TGI groups and C2 group which contain only the sound

(Maxima SYBR Green qPCR Master Mix (2X); Thermo Scientific).
verse primers (10 mM), molecular grade water that was added to
in three replicate samples. Glyceraldehde-3-phosphate dehydrogenase (GAPDH) gene was used as the house keeping gene. Subsequently, the specificity of PCR amplifications were confirmed with
the melting curve analysis of software associated with Stratagene

MX3000P System. Relative gene expression levels were evalu-

ated using the 2−ΔΔCT method [26]. The primer sequences for

The cell-viability of heat applied hPDL-MSCs was determined by

control 1 group. No significant difference was found between the

roots (p > 0.05) while cell viability significantly reduced in CWCT
group when compared all the other test groups (p < 0.05). The cell
viability reduced in all groups when compared to control groups at
the end of 96 hours (p < 0.05). CWCT group showed the least cell
viability when compared to the others (p < 0.05).
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The results of RT-PCR indicated that mRNA expressions of BSP,

OCN, COL-I, RunX2 and ALP were reduced in all groups including

C2 when compared to C1 (p < 0.01) (Figure 3). A significant differ-

ence was found between the test groups and C2 group in mRNA
expressions of RunX2 (p < 0.05).

When the obturation techniques were separately evaluated,

BSP, OCN and ALP mRNA expressions were significantly reduced in

warm gutta-percha technique groups (TGI and CWCT) when com-

pared to single cone (SC) technique (p < 0.05). mRNA expressions
of BSP was lower in CWCT group when compared to TGI and SC

groups (p < 0.001) (Figure 3). Both warm gutta-percha techniques
reduced OCN mRNA expressions in hPDL-MSCs when compared to

SC technique (p < 0.01) while TGI technique showed the lowest (p

< 0.001). CWCT technique reduced the mRNA expressions of ALP
Figure 2: The viability of the hPDL-MSCs at 24h and 96hrs.

significantly more than SC and TGI techniques (p < 0.001). A sig-

nificant difference also found among the TGI and SC groups (p <
0.001).

Figure 3: BSP, OCN, ALP, COL-1, RunX2 mRNA expressions of hPDL-MSCs (*p < 0.05; **p < 0.01; ***p < 0.001).
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All groups had importantly reduced RunX2 expressions when

compared to control groups (p < 0.01) while decrease in COL-I

mRNA expressions was not significantly different from Control 2
group (with sound roots) (p > 0.01). Both CWCT and TGI groups increased RunX2 and COL-I mRNA expressions when compared to SC

group (p < 0.01 and p < 0.001 respectively). A significant difference
also found between TGI and CWCT groups (p < 0.001).

Discussion

The results of this study revealed that the temperature rise dur-

ing the application of warm gutta-percha techniques reduced the

cell viability and mRNA expressions of mineralized tissue-associated proteins which are critical for the functions of hPDL-MSCs thus
the hypothesis of the study is accepted. MTT is a simple, rapid and

easily repeatable method which is considered one of the most reliable test to evaluate the cytotoxicity of dental materials [27,28].

However, different methodologies or cell lines can affect the results

[27] therefore, MTT analysis may not be sufficient alone to evaluate
cell viability and should be supported by other methods [18,29].

Since, real time cell analyzing system cannot be employed due to
the 3D methodological design of this study, MTT analysis was used.
AH Plus was used as root-canal sealer and one group was created
from the roots including only sealer in order to differentiate pos-

sible negative effects of temperature rise on the cells. The results

showed that all the test conditions reduced the cell viability includ-

ing the control group with sound roots (C2) at the end of 24 hours

while at the end of 96 hours, cell viability was significantly lower
than both control groups (p < 0.01).

Looking at BSP mRNA expressions, the greatest decrease was

observed in the root canal filling paste group (Figure 3). While

there was no significant difference between the single cone technique and the TGI group (p > 0.05), BSP expression was significant-

ly lower in CWCT group compared to SC group (p < 0.001). Accord-

ingly, the negative effect of root canal filling paste used in this study
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At both time points, CWCT group showed the lowest cell viability

(p < 0.001). It has been reported that the heat generated during the

application of warm gutta-percha techniques can be transmitted
to the periodontal tissues and alveolar bone throughout the dentin

and cement, and the tissues can be damaged [9-11,30]. Confirm-

ing the idea that dental root tissues are weak thermal conductors
[11,31,32]. Gutmann., et al. (1987) reported no obvious periodontal damage after injecting warm gutta-percha (Obtura, 160°C) into

the root canals of a mongrel dog [32]. The authors also reported

that the temperature changes on the outer surface of the bone in
contact with roots were maximum 1.1°C in 60 seconds [32]. Rome-

ro., et al. (2000) reported maximum temperature rise as 1.75°C for
upper canines and 2.0°C for the mesial roots of mandibular teeth

when System B plugger was heated to 200°C for 10 seconds in 37°C
environment temperature [33]. The temperatures on the root surface were found to be below the critical level with Thermafil, Soft

Core and Obtura systems [34]. A sudden temperature decrease was

also reported in the same study as soon as gutta-percha contacted the canal wall [34]. This temperature decrease was explained

by the authors as a result circulation present in dentinal tubules

and the periodontal ligament. In our study, extracted human teeth
were used and the roots were sterilized at the beginning of the
experiment. This experiment condition might have removed the

fluid from the dentinal tubules and dryness might have resulted
in more heat transmission when compared to the vital teeth. Furthermore, 90 seconds application duration which is not clinically

relevant was used to reach 38,7°C at apex with CWCT system based

on a previously published laboratory set up [24]. Increased effect
of temperature on cell viability with CWCT system can be explained
by the increased application period in the present study on the

other hand, this result may be important in order not to ignore a

possible side effect while taking advantage of this technique during
the clinical procedures.

In biocompatibility studies, in addition to evaluating the vi-

on hPDL-MKH is more significant than the effect of heat showing

ability of the cells, mineralized tissue-related genes (COL I, OCN,

BSP expression. MTT cell viability test results also showed that the

periapical tissues. Type I collagen is the most important structure

that a less cytotoxic root canal filling paste can be used safely with

both warm gutta-percha techniques used in this study in terms of
AH group significantly decreased the cell viability at 24 and 96 hrs
compared to the control 1 group. The expression levels of BSP, OCN,
COL I, Runx2, ALP mRNA were decreased in the AH groups.

BSP, Runx2, ALP) are studied in mRNA levels in order to determine
whether the cells maintain their functions and homeostasis of the

of collagen connective tissue and is an important protein in the extracellular matrix for maintaining tissue integrity. BSP and OCN are
important markers that cause nucleation in the extracellular ma-

trix in bone tissue and take the tissue towards mineralization while
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ALP is an important enzyme that converts organic phosphate into

as follows: in our experimental design, heat application period is

lagen protein expressed by mineralized tissues such as bone, den-

of osteoblast at apical area thus negatively affect the apical healing

inorganic phosphate [35]. Runx2 is a critical transcription factor
in the observation of bone formation [35,36] and BSP is a non-col-

tine, cementum and newly formed bone [17,37-39]. Mineralized
tissue-related genes COL I, OCN, BSP, Runx2, ALP were reduced in

all the test groups in the present study when compared to the control groups (p < 0.05). According to the analyses which compare all

the test groups, the sealer, gutta-percha in combination with sealer

or temperature rise might be one of the factors which affect the
genes in the test groups (Figure 3a). However, when the warm GP
groups were compared only with SC group, it is clearly seen that

COL I, OCN, BSP, Runx2, ALP were significantly reduced (p < 0.01)
except BSP (Figure 3b). Heating GP did not change the BSP expressions in TGI group (p > 0.05). Among the tested mineralized tissuerelated genes, OCN was the only one affected from the temperature
rise. OCN is extremely specific to mineralized tissues and the most
plentifully expressed non-collagenous gene by osteoblasts [40] and
claimed to play a role in early phases of mineralization and in regu-

lation of crystal growth [41]. Osteoblasts are the primary cells re-

sponsible for alveolar bone formation and PDL cells have potential
to differentiate to osteoblasts or cementoblasts [42]. It is an effi-

cient way to enrich osteoblasts by actively inducing the osteogenic
differentiation of PDL cells [43]. Since OCN is an important marker
of new bone formation [44], up regulation of OCN means that the

PDL cells are induced to differentiate into cells that exhibit characteristics of mature osteoblasts. In previous studies, upregulation

of OCN was attributed to the expression of Runx2 [44,45] and it

was confirmed by Liu., et al. (2015) that increase of Runx2 directly

increase of OCN [42]. In this study expressions of both Runx2 and
OCN were down regulated. However, this decrease was specific for
OCN in the warm gutta-percha applied groups.

Shui and Scutt (2001) investigated the effect of temperature on

human bone marrow-derived stromal cells (BMSCs) and the hu-

man osteoblast-like, osteosarcoma-derived MG-63 cells in culture

conditions [46]. In their study, mild heat shock (1h at 39 - 41°C)
induced proliferation, alkaline phosphatase activity and mineral-

short, the temperature and cell types used. By using warm gutta-

percha techniques, the clinician may cause restrain of stimulation
process. At this point, the clinician should make a decision about

the obturation procedure according to the clinical situation of the
tooth. If bone formation and simulation of the osteoblasts at apical

area is much more important than a perfect obturation, then the
negative effects of lack of optimal obturation might be ignored.

In a previous study, Azmaz., et al. (2020) used similar method to

evaluate the effect of warm GP techniques on mineralized tissueassociated proteins of cementoblasts [24]. The authors prepared a

pilot study at the beginning of the experiment in order to simulate
the temperature of oral environment. In our study, we followed the
same experimental method. In the mentioned study above, also it

was reported that warm gutta-percha techniques reduced mRNA

expressions of mineralized tissue-associated proteins. Mineralized

tissue-associated proteins have active roles during regeneration
and the maturation phase and they are critical for the functions
of PDL-MSCs especially for apical region healing after root canal
treatment.

The experimental model used in the present study has limita-

tions regarding homogeneity of heat and plating of 2D cell, Three-D
culture studies might be provide more ideal experimental condi-

tions however using 3D procedures have some disadvantages such
as difficulty of the procedures.

The application of the technique was also did not completely

mimic the clinical conditions. In order to evaluate the real effect of
temperature rise on hPDL cells, the samples could be inserted to

the cell dishes horizontally. On the other hand, it would not be possible to create a flat contact because of the concavity of the outer
surfaces of the roots. Therefore, we decided to follow a recently
published protocol and prepared flat surfaces by cutting the apical
of the roots [24].

As we explain in our previous study, experimental methodology

ization in human bone marrow stromal cells [46]. In contrast to

of the present study may not be well–simulated for clinical condi-

tic differentiation. The reason of the difference can be explained

Considering the cells which contribute healing around the apex,

these findings, our results demonstrated that 38.7°C decreased cell
viability and OCN mRNA expressions which is critical for osteoblas-

tions and might have weakness for conclusion. However, there is no

other option to test the change of apical temperature on the cells.
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osteoblasts or bone marrow mesenchymal stem cells also could be

further analyzed. Animal studies would better explain the real effects of heat. This in vitro study provides basic knowledge the mo-

7.

Conclusion

Several advantages of warm gutta-percha techniques have been

reported in the literature. This study showed that heat may reduce

cell viability of PDL-MSCs and OCN mRNA expressions. Considering
the critical role of PDL-MSCs on apical healing, differentiation po-

tentials to the mineralize tissue forming cells; osteoblasts and ce-

mentoblasts, the negative effects of warm gutta percha techniques
on the cell viability should be taken to account during heat assisted
endodontic clinical applications.
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