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Introduction
When the root canal is prepared using either hand or 
rotary instruments, the dentin surface is significantly 
disrupted, resulting in the formation of a layer,1 
composed of both organic and inorganic debris produced 
during root canal preparation, collectively referred to as 
the smear layer.2 Complete removal of the smear layer is 
considered desirable.3

Studies have shown that the most effective method for 
removing the smear layer is the combined use of sodium 
hypochlorite (NaOCl), an organic tissue solvent, and 
ethylenediaminetetraacetic acid (EDTA), an inorganic 
tissue solvent.4 EDTA, commonly used in endodontic 
irrigation, chemically softens root canal dentin, dissolves 

the smear layer, and increases dentin permeability.5 
However, its smear layer removal capacity should be 
evaluated alongside its potential toxic and erosive effects.6

Maleic acid is a mild organic acid used in adhesive 
dentistry for surface conditioning without rinsing.7 It 
also exhibits antibacterial properties, which are attributed 
to a reduction in intracellular pH. This occurs when 
protons are released from undissociated molecules within 
the cytoplasm, leading to decreased activity of essential 
enzymes.8

Root canal perforations are undesirable complications 
that can occur at any stage of root canal treatment, 
potentially leading to irritation and loss of periodontal 
tissues.9,10 Although perforations may result from 

TUOMS
PRE S S

 © 2025 The Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

*Corresponding author: Zeynep Toprak, Email: zeynep.toprakdntst@gmail.com

ARTICLE INFO
Article History:
Received: 16 July 2025
Revised: 12 August 2025
Accepted: 24 August 2025
ePublished: September 30, 2025
 
Keywords:
Biodentine, 
Ethylenediaminetetraacetic acid, 
Maleic acid, NeoPutty MTA, 
Surface roughness

Abstract
Background. This study 
aimed to investigate 
the effect of different 
irrigation solutions on 
the surface roughness 
of NeoPutty MTA and 
Biodentine materials 
used as perforation repair 
materials.
Methods. Thirty-two 
Teflon blocks were divided 
into M (NeoPutty MTA) 
and B (Biodentine) groups, 
which were further divided 
into maleic acid (n = 8) and ethylenediaminetetraacetic acid (EDTA) (n = 8) groups. The surface 
roughness of all the samples was determined by scanning with an atomic force microscopy 
(AFM) device before and after soaking in 7% maleic acid and 17% EDTA solutions. For data 
analysis, the Mann-Whitney U test was used to compare two independent groups, and the 
Wilcoxon signed rank test was used for dependent groups.
Results. According to the findings of the study, no significant difference was found between the 
initial roughness of NeoPutty MTA and Biodentine materials. However, EDTA solution produced 
statistically significant surface roughness in Biodentine material, while maleic acid solution 
produced statistically significant surface roughness in NeoPutty MTA material.
Conclusion. Further studies are necessary to investigate the effects of physicochemical changes 
induced by irrigation solutions in repair materials on bacterial adhesion and restorative adhesive 
procedures.
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resorption or caries, the majority are of iatrogenic origin, 
arising during various stages of treatment.10,11 Iatrogenic 
perforations often result from inadequate knowledge 
of root canal anatomy or failure to consider anatomical 
variations.11

The worst prognosis in endodontic perforations has 
been observed in furcation perforations that occur when 
trying to open an access cavity with an incorrectly angled 
bur, during post space preparation, or when trying to find 
calcified root canal orifices.12 

Mineral trioxide aggregate (MTA), known for its 
excellent sealing ability and high biocompatibility, 
is widely used in various endodontic procedures, 
including perforation repair.13 However, despite its 
clinical advantages, MTA also presents drawbacks such 
as prolonged setting time and challenging handling 
properties.14

To address the limitations of MTA, such as difficult 
handling, prolonged setting time, and high cost, 
Biodentine was introduced in 2010 as a new bioceramic 
material. Compared to MTA, Biodentine offers the 
advantages of shorter setting time and lower cost.14

The handling difficulties associated with calcium silicate 
cements have led to the development of the concept 
that a premixed formulation could simplify clinical use 
while ensuring reproducibility of the precise liquid-to-
powder ratio.15 NeoPutty (NuSmile, Houston, TX, USA) 
is a premixed, bioactive, tricalcium silicate-based cement 
that, according to the manufacturer, addresses these 
challenges.16,17

Irrigating agents used in root canal treatment remove 
the smear layer, expose dentinal tubules, and increase 
surface roughness.18 A rougher substrate surface may 
promote bacterial adhesion and biofilm formation.19

In recent years, atomic force microscopy (AFM), which 
has been widely applied in dental materials research, 
has enabled the acquisition of nanometric topographic 
images of surface roughness.20 AFM combines principles 
from the mechanical profilometer, which detects forces 
via mechanical springs, and the scanning tunnelling 
microscope (STM), which uses piezoelectric transducers 
for scanning. However, AFM allows more precise 
measurements than a conventional profilometer. The 
instrument characterises specimen morphology and 
provides quantitative data on parameters such as surface 
roughness and height distribution.21,22

Therefore, this study used AFM to investigate the 
changes in surface roughness induced by EDTA and 
maleic acid irrigation solutions on NeoPutty MTA and 
Biodentine, two materials commonly used in perforation 
repair.

Methods
The required sample size (n = 32) was calculated using 
G*Power software based on an effect size of 0.80, a power 
of 95%, and a significance level of 0.05 for one-way 
ANOVA. Each of the four groups consisted of 8 samples.

Standardized grooves measuring 2 mm in diameter and 
2 mm in depth were prepared at the center of 32 Teflon 
blocks used in this study. The blocks were then divided 
into two main groups according to the repair material: M 
(NeoPutty MTA) and B (Biodentine). Each main group 
was further subdivided based on the irrigation solution 
into maleic acid and EDTA groups.

NeoPutty MTA (NuSmile Inc., Houston, TX, USA) 
(Figure 1) and Biodentine (Septodont, Niederkassel, 
Germany) (Figure 2) were applied onto the Teflon blocks 
and condensed following the manufacturers’ instructions. 
The samples were then covered with moistened gauze and 
incubated in a humidified oven at 37°C for 7 days to allow 
setting.

After the storage period, surface irregularities of the 
NeoPutty MTA and Biodentine samples were smoothened 
using sequentially finer grades of water-resistant silicon 
carbide sandpaper (Shor International Corporation, Mt. 
Vernon, NY, USA) under continuous distilled water 
irrigation (grits: 500, 800, 1000, and 1200). Final polishing 
was performed with 0.1-µm alumina suspension polishing 
paste (Ultra-Sol R, Eminess Technologies Inc., Monroe, 
NC, USA) using felt discs.

Baseline surface roughness measurements were taken 
for all samples before exposure to any chelating agents, 
using a PARK SYSTEM 100 XE AFM (Figure 3) in contact 
mode.

After the measurement, NeoPutty MTA and Biodentine 
samples were divided into two groups and kept in 7% 
maleic acid (Merck Millipore, Germany) and 17% 
EDTA (Imicryl, Konya, Turkey) solutions for 1 minute 
each. After completing the 1-minute waiting time, all 
the samples were removed from the irrigation solutions, 
washed under running distilled water, and kept in a 
humid environment at 37 °C for 48 hours. The final 
surface roughness was determined by scanning again with 
the AFM device.

Figure 1. NeoPutty MTA (Avalon Biomed, USA). The premixed, calcium 
silicate-based endodontic material was used in this study
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For data analysis, the Mann-Whitney U test was used 
to compare two independent groups, and the Wilcoxon 
signed-rank test was used for dependent groups.

Results
To determine the baseline surface roughness of NeoPutty 
MTA and Biodentine samples before treatment with 17% 
EDTA and 7% maleic acid, 16 samples of each material 
were prepared on 32 Teflon blocks. Surface roughness 
measurements were performed using an AFM in contact 
mode before irrigation (Figure 4).

There was no significant difference in the initial surface 
roughness between the Biodentine (n = 16) and NeoPutty 
MTA (n = 16) groups (P = 0.559).

Table 1 presents the median surface roughness values 
of Biodentine and NeoPutty MTA samples, subdivided 
into EDTA and maleic acid groups, both before and after 
immersion in the solutions.

According to these findings, maleic acid solution did 
not cause a significant change in the surface roughness 
of Biodentine (P = 0.128). However, the surface roughness 
of Biodentine after exposure to EDTA solution was 
significantly higher than the initial value (P = 0.028).

In contrast, the initial surface roughness of NeoPutty 
MTA was significantly lower than that measured after 
exposure to maleic acid solution (P = 0.017). Additionally, 
exposure to EDTA solution did not result in a significant 
change in the surface roughness of NeoPutty MTA 
(P = 0.575).

Table 2 presents the median roughness values induced 
by maleic acid and EDTA on NeoPutty MTA and 
Biodentine.

According to these data, maleic acid solution induced 
comparable surface roughness in both NeoPutty MTA 

and Biodentine materials. However, EDTA solution 
caused greater roughening in Biodentine compared to 
NeoPutty MTA.

Discussion
Endodontic perforations are serious complications that 
hinder treatment procedures and negatively affect the 
prognosis of the tooth.23,24 MTA is commonly preferred 
for perforation repair due to its biocompatibility, sealing 
ability, and high clinical success rate.10 However, recent 
studies have indicated that the calcium silicate-based 
material Biodentine may be more effective than MTA in 
perforation closure.25,26

In endodontic treatment, irrigation is the only method 
to reach areas of the root canal walls inaccessible to 
mechanical instruments. Irrigation also plays a crucial 
role in removing microorganisms, tissue debris, and 
dentin chips through a flushing mechanism.27 However, 
irrigating agents can induce structural changes in the 
tissues they contact.28

Based on this background, the present study evaluated 
the surface roughness caused by chelating agents and 
acids used in root canal treatment on materials employed 
for perforation repair.

In this study, a comparison of the effects of EDTA 

Figure 2. Biodentine. The calcium silicate-based endodontic material was 
used in this study

Figure 3. XE-100E atomic force microscope (Park Systems, Suwon, South 
Korea). The device was used to measure the surface roughness of the tested 
materials
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and maleic acid solutions on the surface roughness of 
NeoPutty MTA and Biodentine revealed that EDTA 
caused the greatest roughening of Biodentine. In contrast, 
maleic acid resulted in the highest roughness in NeoPutty 
MTA.

Previous studies have demonstrated that AFM provides 
more detailed surface roughness measurements compared 
to profilometers.20,29 Therefore, AFM was employed in the 
present study to achieve a more precise analysis of surface 
topography.

In addition to sodium hypochlorite (NaOCl), 
decalcifying agents are necessary to remove both the 
organic and inorganic components of the smear layer 
formed during root canal preparation. Among these, 
EDTA is commonly used to effectively remove the 
inorganic component from canal walls.30

In a study by Kaushal et al,31 17% EDTA, 10% citric acid, 
and 7% maleic acid were each applied for 1 minute. The 
results indicated that both 7% maleic acid and 10% citric 
acid were equally effective in removing the smear layer 

from the coronal, middle, and apical thirds of the root 
canal; however, 7% maleic acid demonstrated superior 
efficacy in the apical third compared to 10% citric acid.

Ballal et al32 investigated the in vitro antimicrobial 
activity of 7% maleic acid and 17% EDTA solutions 
against endodontic pathogens, finding that both solutions 
exhibited comparable antimicrobial effects.

Based on the literature, maleic acid, which effectively 
dissolves the smear layer, is a promising irrigation agent 
in root canal treatment. Therefore, 7% maleic acid was 
considered a potential alternative to EDTA and was 
applied for 1 minute in this study.

A previous study33 examining the effect of EDTA on 
the surface roughness of Biodentine reported a significant 
increase in roughness following exposure, consistent with 
the findings of the present study.

Furthermore, an AFM-based investigation of dentin 
surface roughness caused by irrigation solutions34 
found that the roughness increase induced by EDTA 
was similar to that observed on NeoPutty MTA 

Figure 4. (A) AFM image of the initial surface roughness of Biodentine material. (B) AFM image of the initial surface roughness of NeoPutty MTA material. (C) 
AFM image of surface roughness of Biodentine material after maleic acid solution exposure. (D) AFM image of the surface roughness of Biodentine material after 
EDTA solution exposure. (E) AFM image of the surface roughness of NeoPutty MTA material after maleic acid solution exposure. (F) AFM image of the surface 
roughness of NeoPutty MTA material after EDTA solution exposure

Table 1. Comparison of surface roughness values before and after treatment. Statistical analysis was performed using the Wilcoxon signed-rank test

Pre-processing Postprocessing P*

Biodentine
Maleic acid (n = 8) 162.5 (74.5–356.33) 294.27 (127.9–520.94) 0.128

EDTA (n = 8) 125.72 (57.67–268.5) 393.53 (252.25–589.79) 0.028

NeoPUTTY MTA
Maleic acid (n = 8) 118.35 (51.83–249) 220.88 (156.88–475) 0.017

EDTA (n = 8) 192.64 (40.9–483.07) 154.48 (119.16–549.8) 0.575

P < 0.05 was considered statistically significant. 
* Wilcoxon sign-rank test.

Table 2. Comparison of surface roughness values after treatment between groups. Statistical analysis was performed using the Mann-Whitney U test

NeoPUTTY MTA Biodentine P*

Maleic acid 220.88 (156.88–475) 294.27 (127.9–520.945) 0.463

EDTA 154.48 (119.16–549.8) 393.53 (252.25–589.79) 0.043

P < 0.05 was considered statistically significant.
*Mann-Whitney U test.
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and Biodentine in the current study. This suggests 
that EDTA may exert comparable effects on dental 
materials rich in calcium and phosphorus, possibly 
through its chelating action by dissociating calcium 
ions, similar to its effect on root canal dentin. 
In a study investigating the effects of EDTA on the 
hydration mechanism of MTA using scanning electron 
microscopy and energy-dispersive X-ray spectroscopy,35 
MTA samples treated with EDTA lacked a crystalline 
structure, and their Ca/Si ratio was markedly lower than 
that of samples treated with distilled water or normal 
saline solution, indicating structural alterations. When 
these findings are considered alongside other studies in 
the literature and the results of the present study, it can 
be inferred that perforation repair materials exposed to 
chelating agents and acids should be rinsed with distilled 
water after use, or their contact time should be limited to 
an optimal duration.

A study evaluating the effects of various finishing 
and polishing techniques on the surface roughness and 
microhardness of dental materials36 reported that the 
correlation between these two properties depends on 
both the method and the material used. For Dyract XP 
and Beautifil II, a negative correlation was observed—
meaning that increased surface roughness was associated 
with decreased microhardness values.

Another study evaluating the effects of bleaching agents 
on enamel showed that increased surface roughness was 
associated with decreased surface microhardness.37

In the present study, both EDTA and maleic acid were 
found to increase the surface roughness of NeoPutty 
MTA and Biodentine. Considering the findings of the two 
aforementioned studies, the observed negative correlation 
between increased surface roughness and decreased 
microhardness highlights the need for appropriate 
measures to minimize surface roughness in dental 
materials. Nevertheless, further research is required to 
determine whether this correlation also applies to the 
materials tested in the present study.

The changes caused by chelating agents and acids used 
in root canal treatment on the surface of perforation 
repair materials are important. Rinsing with distilled 
water after irrigation does not prevent the changes that 
occur on the surface of the solution during contact with 
the material. Silicate cements used in perforation repair 
may be affected by chelating solutions and acids used in 
irrigation, and severe deterioration may occur in these 
materials. In addition, increased surface roughness 
may create a retentive surface for microorganisms.38,39 
Several studies investigating the relationship between 
surface roughness and bacterial adhesion have reported 
a positive correlation between these two parameters.40,41 
However, these findings are not always consistent; 
some studies have suggested no significant relationship 
between surface roughness and bacterial adhesion.42 
Indeed, a study by Azam et al demonstrated that bacterial 
adhesion is influenced not only by surface topography but 

also by several factors, including particle size, chemical 
composition, and surface wettability of the material.43

On the other hand, surface roughness is directly 
related to the bonding interface of restorative materials.44 
However, excessive roughness may hinder the penetration 
of adhesives into the material surface, negatively affecting 
bond strength.45 In a study investigating the bond strength 
of Biodentine after surface treatment with different 
adhesives,46 specimens treated with more aggressive acids 
exhibited reduced bond strength. Similar findings have 
also been reported in studies on MTA.47,48 In this context, 
the effects of irrigation solutions on surface morphology 
and their implications for bonding performance should 
be carefully evaluated.

The irrigation solutions used in this study affected 
the surface roughness of the repair materials at different 
rates. For all these reasons, in cases where calcium silicate 
cements are to be used in perforation repairs, irrigation 
solutions that will not affect or minimally affect the 
surface structure of these cements should be preferred. 

Further studies are required to determine the effects 
of physicochemical changes of irrigation solutions on 
bacterial adhesion and restorative adhesive procedures. 
In addition, within the limitations of the present study, 
many other variables in the clinical environment, such 
as blood, tissue, and body temperature, may alter the 
effects of the investigated agents in the root canal system. 
However, these clinical conditions could not be simulated 
in the present study. Further research is needed to 
understand the effects of maleic acid and EDTA solutions 
on NeoPutty MTA and Biodentine materials.

Conclusion
Acids and chelating agents generally increase the surface 
roughness of dental materials and dental tissues. In 
clinical use, it should be taken into consideration that the 
materials to be used in perforation repair may be affected 
by irrigation solutions, and deterioration may occur on 
their surfaces. In cases where calcium silicate cements will 
be used in perforation repair, irrigation solutions that will 
not affect or minimally affect the surface structure of these 
cements should be preferred. Therefore, further studies 
are required to determine the effects of physicochemical 
changes of irrigation solutions on bacterial adhesion and 
restorative adhesive procedures.
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