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Introduction. ,is study aimed to evaluate the long-term impact of new calcium silicate-based sealer (HiFlow Bioceramic)
compared to calcium hydroxide-based sealer (Sealapex) on mineral constituents and crystallinity of radicular dentin.
Methods. Roots of multirooted maxillary molars were denuded their dentin from all covered cementum then longitudinally
split. ,e dentin segments were divided into three groups covered with either HiFlow root canal sealer or Sealapex root
canal sealer or kept untreated (control group). After complete setting of sealers, the radicular dentin of each group was
stored in phosphate buffer solution or deionized water for 60 days and then examined with Fourier Infrared Spectroscopy,
scanning electron microscope/energy dispersed X-ray and X-ray diffraction (XRD). Results. When the dentin was stored in
phosphate buffer solution, compared with untreated dentin, Fourier transform infrared spectra showed insignificant
increase in the amide I and phosphate, significant increase in carbonate area, and carbonate/phosphate ratio, while there
was insignificant change in phosphate/amide I ratio of HiFlow-treated dentin, whereas Sealapex induced significant
decrease in amide I area, phosphate area, and phosphate/amide ratio. Both sealers induced significant increase in
crystallinity index and significant decrease in crystallinity percent. Energy dispersed X-ray showed decrease in calcium
content by both sealers. ,e phosphate content was increased by HiFlow and decreased by Sealapex. Conclusions. ,e
mineral composition and crystallinity of dentin were insignificantly changed by the long-term HiFlow treatment, whereas,
markedly changes by Sealapex.

1. Introduction

Dentin is a mineralized tissue that forms the main bulk of
tooth structure. It is composed of 60% inorganic minerals
including apatite crystals, 30% organic collagenous/non-
collagenous matrix protein, and 10% water. ,e crystallinity
and mineral constituents of dentin have an impact on its
integrity. Any changes in structural integrity following
endodontic treatment may compromise the mechanical
properties of the tooth and may lead to tooth weakening
with increase the susceptibility of fracture [1, 2].

Root canal filling materials may also predispose to reduce
the biomechanics of endodontically treated teeth [3, 4]. Root

canal sealer is essential to achieve fluid-tight seal, seal-off the
root canal system, and fill the irregularities within the core
fillingmaterial and between thematerial and dentinwalls [5, 6].

Calcium hydroxide-based sealer was firstly introduced in
1940 [7]. It promotes alkaline pH with excellent antibacterial
effect and allows suitable environment for periapical tissue
healing. Bioceramic based root canal sealer is a new tech-
nology that was introduced in endodontic to enhance the
bioactivity and improve the sealing ability of root filling
materials [8]. Bioceramic HiFlow sealer is recently designed
to meet the property of warm vertical technique. Its man-
ufacture claimed that it sustains high heat resistance up to
220°C and exhibits high flow within dentinal tubules. Like
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other bioceramic sealers, it is composed of calcium silicate
(di- and tri-calcium silicate) and calcium hydroxide.

Several studies advocated that high alkaline dental
material includes calcium hydroxide that may adversely
affect the physical properties of radicular dentin [9, 10] by
decreasing mineral/amide I ratio [11]. Rosenberg et al.
claimed that the dentin became weak by 23−43.9% fol-
lowing the application of calcium hydroxide filling [12].
Sawyer et al. 2012 concluded that both Biodentin and MTA
plus significantly decreased the flexural strength of dentin
within 2-3 months [13]. Another study reported that the
dentin strength was decreased by 32-33 after calcium hy-
droxide and mineral trioxide aggregated treatment within 5
weeks [14].

Aim of the study is to evaluate the long-term impact of
new calcium silicate-based sealer (HiFlow Bioceramic,
Brasseler, Savannah, USA) compared to calcium hydroxide-
based sealer (Sealapex, Kerr, SybronEndo, New York, USA)
on mineral constituents and crystallinity of root dentin. ,e
null hypothesis is that the root canal sealers induced calcium
hydroxide by-product has no significant difference on the
mineral constituents and crystallinity of radicular dentin
compared with control untreated dentin.

2. Materials and Methods

2.1. Specimens Preparation. ,e procedure was approved
from KAU Institute Ethical Committee (# 01-2-20). Twenty
caries free, triple rooted maxillary molars, from patients
aged 30–50 years old, were collected for this study, from
outpatients of oral surgery department clinic, at Faculty of
Dentistry, King Abdulaziz University. All soft tissues on the
root surfaces were manually removed using hand curette
then ultrasonic cleaner (BioSonic UC125, Coltene, Swit-
zerland). ,e teeth were autoclaved and stored in saline
until used. ,e teeth were decoronated and the cementum
layer was removed using diamond disc under copious water
coolant [2]. ,e denuded roots were longitudinally split
giving a total of 120 segments. For standardization, the root
segments of each tooth were divided into three groups:
group 1 was treated with premixed injectable Bioceramic
HiFlow Sealer; group 2 was treated with Sealapex sealer,
according to manufacture instructions and equal amount of
base and catalyst paste of sealer was mixed.,e sealers were
applied on all dentin surfaces (around 10mg weight).
Group 3 was left untreated to serve as control. All speci-
mens were stored in an incubator for 48 hours, at 37°C and
100% humidity for complete setting of the root canal
sealers.

After incubation period, the root segments of each group
were subdivided into two subgroups (N� 20/group); sub-
group (A) was stored in vials containing phosphate buffer
solution (PBS), while subgroup (B) was stored in deionized
water. ,e solutions were refreshed every 3 days. After 60
days, all specimens were cleaned by automated brush
(Prophy brush, Young Dental, Gujarat, India) and ultrasonic
cleaner to remove sealers, rinsed with deionized water, dried
in an incubator for 24 hours, and subjected to different
analysis.

2.2. Fourier Transform Infrared (FTIR) Spectroscopy Analysis.
,e root canal surface of each sample was investigated using
FTIR spectroscopy (Vertex 70, Bruker, Germany) in the
spectra range 4000–400 cm−1 at 4 nm resolution. ,ree
spectra were obtained from different area of each sample
with repeated scan to verify the result. ,e mineral contents
and collagen (amide I) of dentin structure were analyzed.
After baseline was obtained, deconvolution of the spectra at
1800–800 cm−1 was performed. ,e integrated area under
amide I, v1v3 phosphate, and v2 carbonate bands was de-
termined at 1720–1585, 1200–900, and 890–830 cm−1, re-
spectively, to calculate the phosphate/amide I (PO4/amide I)
and carbonate/phosphate (CO3/PO4) ratios [15, 16].

For crystallinity index (CIFTIR), the intensity of splitting
v4 doublet phosphate bands ≈600 and 560 cm−1 was cal-
culated after deconvolution of the spectra at region
700–500 cm−1 using Shemesh method [17, 18].

2.3. Scanning Electron Microscopy/Energy Dispersed X-Ray
(SEM/EDX)Analysis. ,e dentin samples were mounted on
aluminium stubs and sputtered with gold coating. ,e
surface morphology and elemental composition of each
sample were examined by SEM/EDX (field emission gun,
Quanta 250, FEI, Czechoslovakia) to evaluate the changes
induced by root canal sealers. ,ree reading of elemental
composition was captured from each specimen. ,e cal-
cium/phosphate (Ca/P) ratio was calculated.

2.4.X-RayDiffraction (XRD)Analysis. ,edentin specimens
were milled to fine power and subjected to XRD analysis
(XRD, Empyrean, Analytical 2010, Holland) at 40 kV and
35mA, to determine the hydroxyapatite phases of dentin.
,e XRD pattern was collected from 2 to 60° of 2θ at a scan
rate 2°/min. To calculate the crystallinity % (C%XRD), the
sum of total intensities of diffraction peaks (Inet) and the sum
of all measured intensity (Itot) including amorphous phase
and air scatter (Iscat) were calculated from XRD pattern. ,e
following equation was used [19]:

C%XRD � 100 · 
Inet

 Itot −  Iscat
. (1)

2.5. Statistical Analysis. ,e data of FTIR ((CO3/PO4, PO4/
amide I) and crystallinity index (CIFTIR)), EDX (Ca/P ratio)
and crystallinity percent of XRD (C%XRD) were statistically
analyzed by One-Way ANOVA and Tukey post hoc test.,e
statistical analysis was carried at 0.05 significance using SPSS
WIN (20.0; SPSS, Munich, Germany).

3. Results

3.1. Fourier Transform Infrared (FTIR) Spectroscopy Analysis.
Figure 1 showed the FTIR spectra of all groups stored in
either PBS (A and B) or deionized water (C and D) for 60
days. In comparison to control untreated dentin, the spectra
of dentin treated with HiFlow detected some changes in
intensity and/or shift of amide I, v1v3 phosphate, and v2
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carbonate bands (at 1720–1580, 1200–900, and
890–830 cm−1, respectively), whereas there was no signifi-
cant changes in spectra of dentin treated with Sealapex
except in v2 carbonate bands at 890-830 cm

−1 which showed
increase in the intensity, the same as the HiFlow sealer.

,e mean± standard deviation values of all parameters
extracted from FTIR spectra of all groups were described in
Table 1. In general, there is no significant difference between
all groups stored in either deionized water or PBS. In
specimen stored in PBS, the HiFlow induced insignificant
increase in the mean value of integrated area under amide I
and v1v3 phosphate (3.194± 0.68 and 0.970± 0.23, respec-
tively) and significant increase in the mean value of v2
carbonate (0.427± 0.27) as compared with untreated dentin
(2.78± 0.3, 0.873± 0.06 and 0.084± 0.01 respectively) at
P> 0.05, whereas Sealapex induced insignificant decrease in
amide I (2.297± 0.52) at P � 0.206, significantly decrease in

v1v3 phosphate (0.239± 0.07) at P≤ 0.001 and no significant
change in v2 carbonate (0.087± 0.04) at P � 1.000 (Table 1).

,ere was no significant difference in mean values of
phosphate/amide I ratio obtained in untreated dentin and
HiFlow-treated dentin (0.317± 0.0.4 and 0.314± 0.1, re-
spectively) (P � 1.000), whereas the Sealapex-treated dentin
exhibited significant reduction in the mean value of phos-
phate/amide I ratio (0.117± 0.07 at P � 0.009). ,e mean
value of carbonate/phosphate (CO3/PO4

3−
FTIR) ratio was

significantly increased by both HiFlow (0.44± 0.23) and
Sealapex sealers (0.375± 0.11) as compared with untreated
dentin (0.096± 0.01) (P≤ 0.001), with no significant dif-
ference between both sealers (P> 0.05) (Table 1).

Figure 2 showed the deconvolution of spectra at
700–500 cm−1 of dentin stored in PBS (A) and deionized
water (B) for 60 days. ,e spectra of HiFlow-treated dentin
showed changes in band intensity of v4 doublet phosphate
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Figure 1: Fourier transform infrared spectra of the dentin samples: the spectra of HiFlow-treated dentin, either stored in phosphate buffer
solution (a and b) or deionized water (c and d) for 60 days, showed some changes in intensity and/or shift of amide I v1v3 phosphate and v2
carbonate bands (at 1720–1580 and 1200–900 and 890–830 cm−1, respectively) compared with untreated dentin. No obvious change was
observed in spectra of Sealapex-treated dentin.
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bands at 604 cm−1, whereas no obvious changes were noticed
in the spectra of Sealapex-treated dentin as compared with
the spectra of untreated dentin.

,e CIFTIR extracted from FTIR at splitting v4 doublet
phosphate bands ≈600 and 560 cm−1 for both storage media,
PBS and deionized water, was significantly increased with

Table 1:Mean± standard deviation values of all parameters extracted from FTIR spectra of all investigated dentin stored in either phosphate
buffer solution or deionized water for 60 days; these parameters include integrated area under bands of amide I, v1v3 phosphate, v2 carbonate
(at 1720–1580, 1200–900, and 890–830 cm−1), and phosphate/amide I and carbonate/phosphate ratio.

Stored solution for
60 days

Phosphate buffer solution Deionized water

Groups Untreated
dentin

HiFlow-treated
dentin

Sealapex-treated
dentin

Untreated
dentin

HiFlow-treated
dentin

Sealapex-treated
dentin

Amide I area 2.78± 0.3 ∗3.194± 0.68 2.297± 0.52 2.392± 0.59 †1.989± 0.38 2.66± 0.06
v1v3 phosphate area 0.873± 0.06 ∗0.970± 0.23 0.239± 0.07 0.741± 0.18 0.778± 0.51 †0.248± 0.03
v2 carbonate area 0.084± 0.01 ∗0.427± 0.27 0.087± 0.04 0.079± 0.03 0.271± 0.2 0.079± 0.02
Phosphate/amide I
ratio 0.317± 0.0.4 0.314± 0.1 0.117± 0.07 0.323± 0.09 ∗0.412± 0.27 0.093± 0.01

Carbonate/
phosphate ratio 0.096± 0.01 ∗0.44± 0.23 0.375± 0.11 0.127± 0..03 0.337± 0.12 0.318± 0.02

∗,e significant greatest value. †,e significant lowest value.
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Figure 2: FTIR spectra of dentin stored in phosphate buffer solution (a) and deionized water (b) for 60 days. Both sealers induced increases
in the mean value of crystallinity index (CIFTIR) as compared with control untreated dentin (c).
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HiFlow sealer (17.59± 3.4 and 45.67± 6.04, respectively) and
Sealapex sealer (46.01± 8.1 and 46.84± 5.1, respectively) as
compared to untreated dentin (8.32± 1.16 and 17.09± 1.04,
respectively) at P≤ 0.001 (Figure 2(c)).

3.2. Scanning Electron Microscope/Energy Dispersed X-Ray
(SEM/EDX) Analysis. Scanning electron microscope anal-
ysis of untreated dentin revealed no obvious changes on the
surface morphology compared to dentin treated with either
HiFlow or Sealapex sealer in both storage media.

,e dentin’s chemical composition evaluated by EDX
analysis was explained in Figure 3. For the control untreated
dentin, there were no significant changes in mean values
(weight %) of calcium content, phosphate content, and
calcium/phosphate ratio when stored in PBS (43.33± 3.26,
15.13± 1.9 and 2.92± 0.5, respectively) or deionized water
(40.09± 4.11, 14.67± 1.51 and 2.76± 0.38 respectively) for 60
days. With the tested groups stored either in PBS or in
deionized water, the mean value of calcium constituents was
significantly decreased after treatment by both HiFlow
(34.87± 6.85 and 24.17± 3.21, respectively) and Sealapex
(26.57± 4.1 and 27.31± 1.97, respectively) at P≤ 0.001
(Figure 3(g)). However, the mean value of phosphate
constituent was significantly decreased by both HiFlow and
Sealapex sealers when stored in deionized water (11.67± 0.84
and 8.61± 0.91, respectively) at P≤ 0.001. However, when
dentin was stored in PBS for 60 days, the mean phosphate
constituent significantly increased by HiFlow (16.01± 3.62)
but decreased by Sealapex sealer (11.28± 1.34) (P≤ 0.001)
(Figure 3(h)). Regarding Ca/P ratio, when deionized water
was the storage medium, HiFlow group exhibited a signif-
icant reduction in the mean value (2.05± 0.17) while Seal-
apex group exhibited a great mean value (3.19± 0.27) at
P≤ 0.001. When PBS was storage medium, there was sig-
nificant reduction of Ca/P ratio by both HiFlow and Seal-
apex sealers (2.27± 0.76 and 2.36± 0.28, respectively)
compared with untreated dentin (P≤ 0.001) (Figure 3(i)).

3.3. X-Ray Diffraction (XRD) Analysis. All investigated
dentin specimens contain fluorapatite crystalline phase (Ca5
F (P O4)3, card No: 00-012-0261) and minor of magnesium
calcium carbonate ((Mg.064 Ca.936) (CO3), card No: 01-
086-2335) stored in either PBS or deionized water
(Figures 4(a) and 4(b)). In general, the crystalline fluo-
rapatite was detected in untreated dentin at 21.1, 26.6, 29.6,
31.8, 32.11, 33.05, and 39.67°2θ. When PBS is used, the
spectra showed reduction in band intensity at 29.6 and
39.67°2θ with HiFlow-treated dentin and massive reduction
in band intensity at 29.6 and 49.6°2θ with Sealapex-treated
dentin, whereas dentin stored in deionized water showed a
marked reduction in band intensity at 26.6°2θ with both
sealer groups and a new band at 28.2°2θ with HiFlow-treated
dentin.

Regarding the crystallinity percent, there was a signifi-
cant increase in the mean value when dentin is stored in PBS
for 60 days (P≤ 0.001) than those stored in deionized water
except with Sealapex-treated dentin (Figure 4(c)). ,e un-
treated and HiFlow-treated dentin stored in PBS for 60 days

exhibited significant great mean values (96.6± 3.73 and
90.93± 6.54, respectively) with no significant difference
between them (P � 0.278), whereas Sealapex induced the
significant lowest value (80.689± 5.99) at P≤ 0.001
(Figure 4(c)).

4. Discussion

Dentin crystallinity refers to the degree of mineral crystal in
hydroxyapatite phase within the dentin structure [20]. It is
related to calcium phosphate crystals deposition inside or
between collagen fibers [21]. Both mineral and organic
composition have an impact on the mechanical properties of
dental structure [20]. Root canal sealer may compromise the
mineral constituents and crystallinity of dentin. ,e Phos-
phate/amide I ratioFTIR, carbonate/phosphate ratioFTIR, and
calcium/phosphate ratioEDX are quantitative measures to
indicate the mineral and collagen dentin constituents [22].
Crystalline index (CIFTIR) and crystallinity percent (C%XRD)
are quantitative measures to indicate the mineral crystal-
linity [22, 23].

With the use of deionized water, there was no significant
difference between the untreated dentin and HiFlow- or
Sealapex-treated dentin in most of the parameters extracted
from FTIR spectra. ,e integrated area under v1v3 phos-
phate was decreased with Sealapex and increased with
HiFlow sealer. ,is finding may be attributed to the lack of
phosphate ingredient in Sealapex sealer. Otherwise, the
phosphate content in HiFlow sealer may serve as phosphate
supplement for treated dentin. ,is finding was confirmed
by EDX analysis. Moreover, both sealers induced a signif-
icant increase in carbonate/phosphate ratioFTIR of dentin.
,is finding may be related to the increase in the intensity of
v2 carbonate band at 890–830 cm−1 by both sealers and
further increase in the intensity of v1v3 phosphate band at
1200–900 cm−1 by HiFlow sealer.

Calcium hydroxide plays a rule in sealer-dentin inter-
action. Sealapex is a calcium hydroxide-based sealer that
induced decreases in amide I area. ,e dentin reaction to
such a sealer is mainly influenced by the sealer solubility and
dissociation into calcium and hydroxyl ions; the higher
diffusion of dissociated ions through the radicular dentin,
the higher dentinal pH [7, 24, 25]. Desai and Chandler
proved that Sealapex exhibited higher ion dissociation
within 2 hours in moisture environment [7]. ,us, the
prolonged setting time and high pH of Sealapex sealer
(10.4–10.6) [25] can promote degradation of the organic
content of dentin [7] and disrupt the link between the
collagenous network and hydroxyapatite crystals [9].
HiFlow sealer is bioceramic sealer that follows the pozzo-
lanic reaction and release calcium hydroxide as a by-product
of its hydration reaction [26]. Although, with PBS, it
exhibited increase in amide I area, this finding may be at-
tributed to its bioactivity that acts as a barrier for organic
degradation.

,e current study showed reverse relationship between
the crystallinity index (CIFTIR) and the crystallinity percent
(C%XRD). ,ere was no significant difference on untreated
dentin when stored in PBS or deionized water. ,e
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difference was detected in sealers-treated dentin. ,e PBS
storage medium, which simulates the clinical situation, may
improve the HiFlow performance on dentin due to bioac-
tivity properties. Compared to untreated dentin, the CIFTIR
significantly increased with both sealers, however, the C
%XRD insignificantly decreased by HiFlow and markedly
decreased by Sealapex. ,e C%XRD is related to the crystal
structure of the dentin, whereas the CIFTIR is related to the
intensity of v4 phosphate band at 604, 590, and 560 cm−1

[17, 18]. Otherwise, the C%XRD was based on hydroxyapatite

phases that were high in untreated dentin. ,e decrease of C
%XRD, by both sealers, may be attributed to the organic
degradation that allows the loose of phosphate element by
the effect of calcium hydroxide by-product.

When the PBS was the storage media, the changes of
dentin C%XRD and CIFTIR induced by HiFlow were not
significant. ,e phosphate buffer solution is considered as
supplementary medium for phosphate element and pro-
vides the material bioactivity [8] that helps in dentin
strength.
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Figure 3: ,e EDX analysis of untreated dentin (a-b) and dentin treated with HiFlow (c-d) and Sealapex (e-f) stored in either PBS or
deionized water for 60 days. ,ere were changes in means of calcium (g) and phosphate (h) constituents (weight%) as well as calcium/
phosphate ratio (i) of radicular dentin treated with root sealers compared with control untreated dentin stored in either phosphate buffer
solution or deionized water for 60 days.
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Figure 4: X-ray diffraction pattern showing the crystalline fluorapatite phases of untreated, HiFlow-treated dentin and Sealapex-treated
dentin, stored in phosphate buffer solution (a) and deionized water (b) for 60 days, respectively.,e crystallinity percent was decreased with
tested sealers (c).
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5. Conclusion

Under the circumstances of the current study, both HiFlow
and Sealapex sealers induced changes in mineral constitu-
ents and crystallinity of treated dentin. Accordingly, the null
hypothesis was rejected. ,e PBS storage medium, which
mimics clinical condition, improved the chemical structure
of sealers treated dentin, particularly when bioceramic sealer
was used. Although long-term treatment with HiFlow sealer
induced changes in amide I, phosphate, carbonate, and
calcium content of treated dentin, there were no significant
changes in CIFTIR and C%XRD compared to untreated dentin,
whereas the long-term Sealapex treatment induced marked
changes in CIFTIR and C%XRD of treated dentin.
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