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Objective. The aim of this study was to evaluate the bioactivity potential of an hydraulic

calcium-silicate cement, Pure Portland Cement Med-PZ (Medcem, Weinfelden, Switzerland:

‘MPC’), applied in a tooth extracted because of failed regenerative endodontic procedures

(REP)  and by means of ex vivo (EV) specimens.

Methods. Ten EV cylindrical dentin cavities were prepared and filled with MPC  and stored for

1  month in distilled water (DW), Hank’s balanced salt solution (HBSS), Dulbecco’s phosphate-

buffered saline (DPBS), simulated body fluid (SBF), versus no media (NM) serving as control.

Six  additional EV specimens were filled with MPC and exposed for 2 weeks to leucocyte-and-

platelet-rich fibrin (LPRF)-clot (C), LPRF-membrane (M) and LPRF-exudate (E). MPC  in the EV

specimens and in the coronal part of the REP tooth was analyzed by means of micro-Raman

spectroscopy (MR), scanning electron microscopy (SEM) and energy dispersive spectroscopy

(EDS).

Results. SEM showed rough crystallite surfaces for the EV samples and a porous surface for

the  REP tooth. EDS of the EV samples revealed prominent peaks for Ca, Si and O. Storage in

HBSS, DPBS, SBF, exposure to LPRF and the REP tooth showed considerable amounts of P as

well.  MR exhibited vibrations of phosphate (DPBS, SBF), carbonated hydroxyapatite (DPBS,

SBF), calcium carbonate (DW, HBSS, NM, REP-tooth, LPRF-E), oxidized (ferric) proteins (LPRF-

E/C/M) and the amide III band (all samples). Hence, only storage of MPC in DPBS and SBF for
1  month revealed bioactivity.

Significance. The environmental conditions, namely the laboratory and clinical settings,

affect the bioactivity potential of MPC.
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.  Introduction

nfected immature permanent teeth with pulp necrosis are
ore  recently treated with regenerative endodontic proce-

ures (REP) [1,2]. This novel endodontic treatment modality
s a biologically based treatment that aims to restore the
unction and further development of the damaged pulp-
entincomplex [3]. After disinfection of the root canal during
he first REP session, bleeding is provoked periapically at the
econd REP session to induce the formation of a blood clot
nside the root canal and to attract stem cells that might aid
urther root development. Additionally, 2 other pillars of tissue
ngineering are introduced during REP, namely the placement
f a scaffold (in which the stem cells might nestle) and the
dministration of growth factors (aiding the healing process)
2]. Many  scaffolds have been proposed and are being devel-
ped [4]. The ideal scaffold for biomedical application should
e biocompatible, biodegradable and mimic  the extracellular
atrix (ECM). On one hand, synthetically-engineered poly-
eric and ceramic scaffolds seem to give promising results

n terms of bone regeneration. On the other hand, the degra-
ation of these synthetic scaffolds might be a concern and
hey lack the physiological information that is available in the
CM [4]. However, post REP, rather pulp and dentin are appre-
iated inside the root canal than bone. Natural scaffolds such
s an autologous platelet concentrate have been applied in
he medical and dental field for decades [5,6], among which
eucocyte-and-platelet-rich fibrin, commonly referred to as
LPRF’, seemed to reveal one of the most favorable outcomes
n terms of regenerative wound healing [7]. An autologous
caffold loaded with growth factors is most ethical and cost-
ffective. In the field of REP, LPRF has been implemented with
romising results in terms of periapical bone healing, further
oot development [8] and regaining pulp sensibility [9]. The
PRF-clot has a specific anatomy (Fig. 1) with underneath the
ed thrombus a buffy coat, in which most of the platelets,
eukocytes and growth factors are entrapped [7]. This LPRF-
lot is also very plastic and can be adapted to the operation
ite (e.g. root canal). More  specifically, it can be transformed
nto a membrane by squeezing the exudate out by means of a
terile glass plate (Fig. 1) [10].

During the second REP session, a hydraulic tricalcium
ilicate-based cement (TCS) is placed upon the blood clot
nd/or scaffold to seal the root canal [1,2]. So-called mineral
rioxide aggregate (MTA)  has been one of the most investi-
ated TCSs [11]. However, MTA may discolor the tooth due to
ismuth oxide [12], by which it is not favorable to be applied
oronally [13]. Pure Portland Cement Med-PZ (Medcem, Wein-
elden, Switzerland: ‘MPC’) has similar chemo-mechanical
roperties as MTA and does not contain bismuth oxide [14].

 particular property of TCS is its bioactivity potential [15,16].
s the TCS in REP are in close contact with blood, syn-

hetic/natural scaffolds and even dental pulp in some cases, it
hould reveal a biological response. After all, a bioactive mate-
ial has the ability to induce a specific biologic activity [17]. In
he field of tissue engineering, this definition has undergone a

light modification, namely that a bioactive material will form
arbonated apatite after being immersed in a serum-like solu-
ion (such as simulated body fluid (SBF)) [18]. During and after
 0 1 9 ) 1342–1350 1343

setting in REP, TCS remains in contact with blood and tissue
fluids. Ageing of TCS for endodontic applications in SBF have
already been tested in vitro [19] and even if an ISO standard
(ISO 23317(2012)) has been prescribed to test the apatite form-
ing ability of Portland cement in vitro [18], the clinical situation
is not comparable to the lab setting. The TCS investigated in
human dentin slices of extracted teeth (where cement is put
into the dentin slices in the lab) undergoes other manipula-
tions and environmental conditions than when it has been put
into a patient’s root canal during treatment [20]. Furthermore,
the type of (endodontic) treatment modality is another factor.
TCS put as a root-end filling during apexification or apex-
resection [21] is much nearer to periapical medullary bone [22]
than when the TCS is put directly below the cemento-enamel
junction in REP, which directly influences the apatite-forming
ability of the TCS. Thus, specific environmental conditions
may modify the material setting [23–25]. Very little informa-
tion is available on the environment TCS is placed in during
REP and almost nothing is known on the material chemistry of
failed clinical cases [21]. Hence, the purpose of this study was
to investigate the effect of environmental conditions on MPC
bioactivity by analyzing an extracted tooth after REP failure
posttrauma and comparing it with ex vivo (EV) specimens. To
our knowledge no previous study has reported the chemical
and micro-structural analysis of Portland cement applied in a
patient’s REP-treated tooth.

2.  Methods

This study was designed as an in vitro (IV) study and was
conducted according to the Good Clinical Practice standards
(International Council on Harmonization, 1996), which rely on
the ethical principles of the Declaration of Helsinki (World
Medical Association, 1964). Ethical approval was obtained
by the Medical Ethics Committee of UZ/KU Leuven under
the file number S60773. One patient’s sample and 16 EV
samples placed in different media were investigated by
means of micro-Raman spectroscopy (MR), scanning electron
microscopy (SEM) and energy dispersive spectroscopy (EDS).
MR is a spectroscopic technique commonly used in chem-
istry to provide the structural fingerprint of a material in a
non-destructive manner [26].

2.1.  Patient’s  sample

2.1.1.  Clinical  part
The right and left central maxillary permanent incisors of an
eight-year-old girl suffered an uncomplicated crown fracture.
Both teeth reacted positively to carbon dioxide snow (CDS)
and were restored with a calcium-hydroxide lining (Life, Kerr,
Scafati, Italy), glass-ionomer cement (Fuji 2 LC, GC, Tokyo,
Japan; ‘GIC’) and composite (Filtek Supreme XTE, 3M Oral Care,
Seefeld, Germany). Nevertheless, 8 months later, the left cen-
tral maxillary permanent incisor reacted negatively to CDS
and presented a vestibular abscess. The tooth received REP

following the procedure detailed by the European Society of
Endodontology [1], with the exception that no CollaPlug (Zim-
mer  Biomet, Berlin, Germany) was used underneath the MPC
and a zinc phosphate cement (De Trey Zinc, Densply Sirona,
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Fig. 1 – Leucocyte-and-platelet-rich fibrin (LPRF): (a) LPRF in a sterile tube post centrifugation; (b) LPRF-clot; (c)
LPRF-membrane.

Fig. 2 – Patient’s case: (a) Conebeam CT 22 months post regenerative endodontic procedures of the left central maxillary
permanent incisor; (b) Cylindrical dentin slice with a 2-mm thickness, containing a Pure Portland Cement Med-PZ (Medcem,
Weinfelden, Switzerland; MPC) root-canal filling in the center; (c) micro-Raman analysis of the filling material in (b),
revealing a �-calcium carbonate peak at 1082 cm−1 and a �-peak for the amide III band (N H) at 1242 cm−1; (d) SEM

mate
micrograph of the filling material in (b); (e) EDS of the filling 

Konstanz, Germany) was placed instead of GIC underneath
the composite restoration. At the recall 20 months post REP,
the periapical lesion was healed, but not enough root-canal
wall thickening was obtained (Fig. 2b). After multi-disciplinary
consultation at 22 months post REP, it was decided to remove
this tooth rather than extracting a sound premolar to create
space for orthodontic reasons. Written informed consent was
obtained by the patient and the parents to use the tooth for
further research.

2.1.2.  Tissue  processing
Directly after extraction, the REP tooth was sectioned using
a diamond saw (Isomet 1000, Lake Bluff, IL, USA) (Fig. 2b).

The coronal part was kept in a carbon dioxide-free environ-
ment (= desiccator with soda lime and silica gel) for 24 h.
The apical part of the tooth was fixed using 6% formalde-
hyde and processed for immunohistology (data not in the
rial in (b).

scope of this study). Afterwards, the coronal part of the REP
tooth was imbedded in resin (Unifast III, GC) and segmented
with a microtome (Micracut 151, Metkon, Bursa, Turkey) into
a cylindrical dentin slice with a 2-mm thickness, containing
MPC in the central root-canal space (Fig. 2b). Subsequently,
the specimen was processed for SEM by fixation in 2.5% glu-
taraldehyde for 24 h, dehydration in ascending concentrations
of ethanol (25, 50, 75, and 95% for 30 min  each, and 100% for
1 h), and finally drying by immersion in hexamethyldisilazane
for 10 min. Prior to further SEM processing, MR  was performed
using a Senterra device (Bruker, Optik, Ettlingen, Germany).
MPC was scanned on 9 randomly selected spots using a
near-infrared (785 nm)  laser with 50 mV power, a ×50 micro-

scope objective and 50 × 1000 aperture, and an integration
time of 10 s with 3 co-additions. The CCD detector possessed
a 1024 × 256 pixel resolution and was cooled down thermo-

https://doi.org/10.1016/j.dental.2019.07.004
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lectrically to −65 ◦C. MR  peaks characteristic for MPC were
ecorded. Post-processing of the spectra was performed using
he Opus Spectroscopy Software version 7.0 (Bruker, Ettlin-
en, Germany). Subsequently, the specimen was mounted by
eans of a double-sided carbon tape on an aluminum stub,

arbon coated and gold-sputtered by means of a JEOL JFC-1300
uto-fine coater (Jeol, Tokyo, Japan). SEMs were taken using

 FEI XL30 field-emission-gun (Feg)-SEM (FEI, Eindhoven, The
etherlands) employed in the secondary electron mode at dif-

erent magnifications, a voltage of 15 kV and a 10-mm working
istance. At a magnification of 500× and a voltage of 20 kV,
he EDS detector (EDAX, Tilburg, The Netherlands) of the FEI
L30 Feg-SEM (FEI) was used to chemically map  the surface
omposition of the selected area.

.2.  Ex  vivo  samples  in  different  media

.2.1.  Storage  media
ight human central incisors (gathered as approved by the
edical Ethics Committee of UZ/KU Leuven under the file
umber S60773) were stored in 0.5% chloramine solution at
◦C and were used within 3 months after extraction. The teeth
ere embedded in resin (Unifast III, GC) and segmented with

 microtome (Micracut 151, Metkon) into 16 cylindrical dentin
lices (2 per tooth) with a 2-mm thickness. At the root-canal
egion of the dentin slices, a cavity with a diameter of 2 mm
as prepared using a diamond bur (Komet, Lemgo, Germany).
PC  (Medcem; lot-number: MWZ170215) was prepared strictly

ollowing the manufacturer’s instructions and placed into the
entral cavity of the EV specimens by means of an amalgam
un. The resin border of each specimen was marked with a
ur for upward orientation. Prior to setting, the EV samples
ere immersed in 25 mL  of the following media (2 samples
er media) with the resin mark pointing upwards: distilled
ater (DW), Hank’s balanced salt solution (HBSS), Dulbecco’s
hosphate-buffered saline (DPBS), simulated body fluid (SBF),
ersus no media (NM) serving as control. The EV samples were
tored in an incubator at 37 ◦C for 1 month with the media
hanged every 2 weeks. SBF was made by the main investi-
ator (MN) and consisted of 136.8 mM NaCl, 4.2 mM NaHCO3,
.0 mM KCl, 1.0 mM K2HPO4·3H20, 1.5 mM MgCl2·6H2O, 40 mM
Cl, 2.5 mMCaCl2, 0.5 mM Na2SO4, 50 mM (CH2OH)3CNH2; its
H was adjusted to 7.4 using a pH 3110 Set VWR  pH meter

WTW, Weilheim, Germany).

.2.2.  LPRF
urthermore, a venipuncture on the median cubital vein of
N was performed by a nurse (UZ Leuven, Leuven, Belgium)

nd blood was drawn into 2 sterile, 10 mL  plastic tubes with-
ut anticoagulant. The tubes were immediately centrifuged at
02 RCF in an IntraSpin centrifuge (Intra-Lock International,
oca Raton, FL, USA) to obtain LPRF-clots (Fig. 1). One clot was
ressed for 5 min  under a sterile glass plate, in order to obtain
PRF-membranes and -exudate (Fig. 1). After mixing, but prior
o MPC  setting, 4 separate EV specimens were placed in con-
act with LPRF-clots (n = 2) and LPRF-membranes (n = 2), while
 additional EV specimens were immersed in LPRF-exudate.
ll LPRF-specimens were placed for 2 weeks in the incuba-

or at 37 ◦C, as LPRF loses its functionality after 7–14 days [7].
rior to analysis, the specimens were retrieved and placed in a
 0 1 9 ) 1342–1350 1345

carbon dioxide-free environment (= desiccator with soda lime
and silica gel) for 24 h. Sample preparation prior to analysis
and the analyses themselves were performed as described for
the patient’s sample. Per medium 1 EV sample was used for
MR and another was further processed for Feg-SEM and EDS.

3.  Results

3.1.  Patient’s  sample

SEM revealed a rough porous surface (Fig. 2d). EDS showed
high concentrations of zinc, phosphorus and oxygen, and
lower amounts of magnesium, aluminum, silicon and calcium
(Fig. 2e). The relative weight percentage of the elements is pre-
sented in Table 1. MR exhibited vibrations of the amide III band
(N H) at 1242 cm−1 [27] and calcium carbonate at 1082 cm−1

[26,28] (Fig. 2c).

3.2.  Ex  vivo  samples

3.2.1.  Five  different  media
SEM overall presented rough surfaces (DPBS, SBF; Fig. 3h,k) and
some samples presented crystals (DW, HBSS, NM;  Fig. 3b,e,n).
This difference in microstructure depending on the storage
media is related to the discrepancies found in the chemi-
cal surface analysis. On the one hand, EDS  for DW, DPBS
and NM (Fig. 3c,i,o) showed high calcium and silicon peaks
(>7,6 K) and intermediate-to-small peaks representing oxygen,
sodium, aluminum and magnesium (<475 K). On the other
hand, HBSS and SBF presented similar chemical compositions,
being more  specifically rich in phosphorus, oxygen and cal-
cium (Fig. 3f,l). Phosphorus was also present when stored in
DPBS (Fig. 3i). Hence, the phosphate peak at 960 cm−1 was
also detected by MR when the EV samples had been stored
in DPBS and SBF (Fig. 3p). MPC in all groups presented vibra-
tions for the amide III band (N H) at 1242 cm−1 (�-peak in
Fig. 3p) [27]. Furthermore, DPBS and SBF storage resulted in
a vibration of the carbonate group (�-type of carbonate) in
hydroxyapatite at 1070 cm− [26,28,29]. HBSS, DPBS and NM
revealed a calcium-carbonate peak with high Raman intensity
at 1082 cm−1 [26,28].

3.2.2.  LPRF
MPC  exposed to LPRF-clot was greyish discolored (Fig. 4

a) versus yellowish discolored when having been exposed
to LPRF-membrane (Fig. 4e) and -exudate (Fig. 4i). SEM of the
sample exposed to LPRF-clot presented a rough and granular
surface with deposits (Fig. 4b,c), while the sample exposed to
LPRF-membrane showed a rough structure with round crystals
(Fig. 4f,g). These granular desposits and crystals were rich in
calcium, but they also revealed a phosphorus peak (Fig. 4d,h,l)
implicating the presence of phosphate.

MR of MPC exposed to LPRF-clot and -membrane presented
similar vibrations for the amide III band (N H) at 1242 cm−1

[27] and a peak at 1370-1378 cm−1 representing oxidized (fer-

ric) proteins [30] (Fig. 4m).  Nevertheless, EDS of MPC  exposed
to LPRF-clot presented 2.40 wt% of iron (Table 1). The other
EDS peaks for LPRF-clot and -membrane were similar, namely
high carbon, oxygen, calcium and silicon peaks and moder-

https://doi.org/10.1016/j.dental.2019.07.004
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Table 1 – Elemental composition (wt%) of Pure Portland Cement (Med-PZ, Medcem, Weinfelden, Switzerland) stored
following the different experimental conditions.

Chemical element Patient’s sample Distilled water HBSS DPBS SBF No media LPRF-C LPRF-M LPRF-E

OK 28.95 43.94 46.52 46.49 41.68 37.94 38.99 39.71 35.67
ZnL 40.68 – – – – – – – –
MgK 6.63 1.68 – 2.67 – 0.21 0.89 0.80 1.03
AlK 4.34 5.74 – 5.17 – 0.25 3.33 2.82 1.21
SiK 2.23 17.18 – 24.51 0.59 10.68 20.03 11.92 2.78
PK 14.18 – 4.05 2.99 14.50 – 4.56 2.94 2.27
CaK 2.97 11.88 49.43 15.47 42.17 28.63 13.05 21.18 28.21
CK – 9.69 – – – 21.99 15.20 18.50 27.97
NaK – 2.46 – 2.70 1.07 0.30 1.55 2.13 0.86
FeK – 1.49 – – – – 2.40 – –

C = clot; DPBS = Dulbecco’s phosphate-buffered saline; E = exudate; HBSS = Hank’s balanced salt solution; LPRF = leukocyte and platelet rich fibrin;
M = membrane; SBF = simulated body fluid.
ate aluminum, magnesium, sodium and phosphorus peaks
(Fig. 4d,h).

SEM of MPC  exposed to LPRF-exudate showed a rough
surface with clusters of acicular (needle-like) and round
crystals (Fig. 4j,k). No iron was detected by EDS, but the
spectra revealed high carbon, oxygen and calcium peaks
and moderate aluminum, magnesium, phosphorus, silicon
and sodium peaks (Fig. 4l, Table 1). MR  of MPC exposed to
LPRF-exudate was similar to that exposed to LPRF-clot and -
membrane except for the calcium carbonate peak at 1082 cm−1

[26,28]. This mixed presence of phosphate and calcium
carbonate explains the mixed crystal structure imaged by
SEM.

4.  Discussion

Portland cement is produced by burning limestone and clay
in a kiln, which results in a cement clinker. This clinker is
ground to a fine powder with gypsum, resulting in Portland
cement. MPC  consists mainly of tricalcium silicate and dical-
cium silicate, and is classified as a hydraulic cement as it sets
in the presence of moisture [15,16]. Hydrated MPC’s end prod-
ucts are mainly calcium-silicate hydrate, calcium hydroxide
and ettringite. About one third of the volume of hydrated MPC
consists of calcium hydroxide that can be released [31]. Cal-
cium hydroxide leads to an alkaline pH and induces apatite
formation when MPC  is immersed in physiological-like phos-
phate solutions [32–35]. A bioactive material has the potential
to elicit a response from a living tissue or cells [17]. Hydraulic
TCSs are regarded as bioactive materials because of their abil-
ity to induce hydroxyapatite formation [15]. Hydroxyapatite
formation has to date only been observed in in vitro samples
[34,35]. Research performed on human specimens retrieved
from the root end [21] revealed only crystalline calcium car-
bonate in the presence of blood. In previous studies, only
X-ray diffraction and EDS were used to analyze the retrieved
materials. MR  has already been applied to study in vitro the
ageing of TCSs in SBF [19] and remineralization of demineral-

ized human dentin slices when put in close contact to calcium
silicate/hydroxide cements in physiological-like solutions [36].
However, until now, no MR-study has investigated TCS put for
several months in the coronal part of the root of a patient’s
tooth. This is the first paper reporting the use of MR,  SEM and
EDS to analyze MPC  retrieved from a patient’s tooth due to
failed REP posttrauma.

Physiological-like phosphate solutions such as SBF, HBSS
and DSPS were applied in the current study as ageing media
for MPC in order to mimic  the clinical situation (patient’s sam-
ple and LPRF-specimens) [32–35]. SBF is an acellular storage
medium with ion concentrations equal to those of human
blood plasma [18] and demands preparation, as performed in
the current study by the principal investigator (MN). However,
there are also commercially available media that mimic  the
ion composition of human blood plasma, such as HBSS and
DPBS.

EDS was applied to chemically analyze the elemental com-
position of the specimens. Nevertheless, quantitative data
obtained by EDS should be interpreted with caution as they
are less accurate in comparison with wavelength spectroscopy
[37]. The high EDS-peaks for calcium, oxygen and silicon for
the MPC samples exposed to DW, HBSS, DPBS, NM and LPRF
were characteristic for MPC, as MPC releases calcium-silicate
hydrate and calcium hydroxide during setting [31]. More-
over, calcium was present in all specimens. Furthermore, MPC
exposed to HBSS, DPBS, SBF and LPRF showed a considerable
amount of crystals rich in phosphorus (Table 1), indicating the
occurrence of phosphates. Phosphorus was also detected by
MR; more  specifically DPBS and SBF presented a phosphate
peak at 960 cm−1 and a vibration of the carbonate group (�-
type of carbonate) in hydroxyapatite at 1070 cm−1, which is in
accordance with previous studies [32,33]. Such MR vibration
was missing for MPC exposed to DW and NM,  due to the lack of
phosphorus. Even if phosphorus was present in MPC  exposed
to LPRF and the patient’s sample, rather calcium carbonate
than phosphate and/or apatite was detected. This must be
attributed to contamination with blood [21,33,38]. Regarding
HBSS, as mentioned in previous studies, a storage time longer
than one month is necessary to detect a higher bioactivity
of TCS immersed in HBSS, due to the lower phosphate con-
centration of HBSS in comparison with DPBS [19,33]. Gandolfi
et al. observed apatite formation only after 180-day storage

of TCS in HBSS [33]. In the current study, MPC  exposed to
HBSS presented a calcium-carbonate peak due to the reac-
tion of calcium hydroxide with environmental carbon dioxide

https://doi.org/10.1016/j.dental.2019.07.004
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Fig. 3 – Analyses performed for Pure Portland Cement Med-PZ (Medcem, Weinfelden, Switzerland; MPC) stored in 5 different
media. (a) Cylindrical dentin slice with a 2-mm thickness containing MPC  in the center and stored for 1 month in distilled
water; (b) SEM of MPC  in (a) at 500×; (c) EDS of the MPC  in (a); (d) Cylindrical dentin slice with a 2-mm thickness containing
MPC  in the center, stored for 1 month in Hank’s balanced salt solution (HBSS); (e) SEM of the MPC  in (d) 500×; (f) EDS of the
MPC  (d); (g) Cylindrical dentin slice with a 2-mm thickness containing MPC  in the center and stored for 1 month in
Dulbecco’s phosphate-buffered saline (DPBS); (h) SEM of the MPC  in (g) at 500×; (i) EDS of the MPC  in (g); (j) Cylindrical dentin
slice with a 2 mm thickness containing MPC in the center and stored for 1 month in simulated body fluid (SBF); (k) SEM of
the MPC  in (j) at 500×; (l) EDS of the MPC  in (j); (m)  Cylindrical dentin slice with a 2-mm thickness containing MPC  in the
center with no additional media; (n) SEM of the MPC  in (m)  at 500×; (o) EDS of the MPC  in (m); (p) micro-Raman analysis for 5
different media with the following peaks: �: phosphate peak at 960 cm−1, �: calcium-carbonate peak at 1082 cm−1, �: amide
I  (�-t

[
t
t

II band (N H) at 1242 cm−1, �: peak for the carbonate group
39]. Noticeable is that another study has reported a peak for �-
ype of carbonated apatite at 715–689 cm−1 that was not found
hroughout the current study [40].
ype of carbonate) in hydroxyapatite at 1070 cm−1.
Concerning the other MR  vibrations recorded, the peak
representing the amide III band (N H) at 1242 cm−1 [27] was
detected for the EV specimens in 5 different media (Fig. 3), indi-
cating the presence of organic components (e.g. collagen) or

https://doi.org/10.1016/j.dental.2019.07.004
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Fig. 4 – Analyses performed for Pure Portland Cement Med-PZ (Medcem, Weinfelden, Switzerland; MPC) in contact with
leucocyte-and-platelet-rich fibrin (LPRF). (a) Cylindrical dentin slice with a 2-mm thickness containing MPC  in the center,
upon which a LPRF-clot (LPRF-C) was placed for 2 weeks; (b) SEM of the MPC  in (a) at 33× (b) and at 500× (c); (d) EDS of the
MPC  in (a); (e) Cylindrical dentin slice with a 2-mm thickness containing MPC  in the center, upon which a LPRF-membrane
(LPRF-M) was placed for 2 weeks; (f) SEM of the MPC  in (e) at 33× (f) and at 500× (g); (h) EDS of the MPC  in (e); (i) Cylindrical
dentin slice with a 2-mm thickness containing MPC  in the center that was immersed in LPRF-exudate (LPRF-E) for 2 weeks;

https://doi.org/10.1016/j.dental.2019.07.004
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acterial contamination, even if SEM did not reveal any signs
f bacterial growth. However, for the patient’s sample and the
PRF specimens (Fig. 4), this amide III band was more  obvi-
us due to the direct contact with blood. The MR vibration for
xidized (ferric) proteins (Fig. 4m)  and the detection of iron by
DS (Table 1) refer to the red blood cells in the thrombus of
PRF (Fig. 1).

Regarding the surface characteristics of MPC, except for the
PRF samples, none of the other samples were discolored. As
he red thrombus of the LPRF-clot was in contact with MPC,

 greyish discoloration occurred (Fig. 4a). The MPC-samples
xposed to LPRF-membrane and -exudate were still yellowish
iscolored (Fig. 4e, i), even if there was no contact with the
hrombus.

As the blood clot triggered during REP should reach
pproximately 3 mm below the cemento-enamel junction, a
iocompatible material that is capable to induce mineraliza-
ion, is required [1]. Nevertheless, this blood clot should be
table or a sterile and auto-resorbable collagen plug should
e applied as a scaffold for TCS. If not, TCS might be pushed
eeper into the root canal, as was the case in the present study.
ence, no further root development took place (Fig. 2a). Fur-

hermore, the specimen retrieved from the patient (Fig. 2b)
id not show the presence of calcium hydroxide but was
ather rich in calcium carbonate and zinc phosphate due to
ontamination during REP with blood and zinc phosphate
ement, respectively. Zinc phosphate was placed upon MPC  as
n intermediate layer between MPC  and composite. However,
he prescribed treatment protocols concerning REP rather rec-
mmend the application of GIC [1,41], even if research in
aterials have shown that the placement of GIC over fresh

CS cement interferes with cement setting [42]. The use of
inc phosphate was also representative in the weight percent-
ge of the elements in MPC  (Table 1): for the patient’s sample
he amount of zinc was prominent.

Even if in vitro settings strive to mimic  as much as possi-
le the clinical situation, it is questionable whether in vitro
tudy results could be compared to clinical outcomes and
ice versa. Before a biomaterial is applied in a clinical trial
n order to predict its bioactivity, in vitro SBF-tests, in vitro
ell culture tests and an in vivo animal study are performed.
owever, regardless the use of these pre-clinical tests, certain
hysiological and environmental conditions cannot be (eas-

ly) reproduced [20]. The lab protocol followed in this study
ight have influenced the material properties. Potential resin

ontamination due to embedding of the dentin slices, fixation
nd dehydration of MPC  (= a non-living material), carbon-
ioxide contamination during analysis and potential bacterial
rowth during storage in the incubator, may have occurred.
dditionally, concerning the patient’s REP-tooth in the cur-

ent study, the restorative materials placed upon the MPC,

he residual microbial load of the root canal post disinfec-
ion and the mechanical load of the tooth during function, are
imitations to be aware of when interpreting the results. Addi-
ionally, patient-dependent factors such as general health,

j) SEM of the MPC  in (i) at 500× (j) and at 2200× (k); (l) EDS of the
he following peaks: �: calcium-carbonate peak at 1082 cm−1, �: 

roteins at 1378–1370 cm−1.
 0 1 9 ) 1342–1350 1349

mouth hygiene and compliance during treatment, are not
reproducible in lab conditions. Further research is necessary
to distinguish the impact of these factors. Hence, caution is
needed while interpreting in vitro results and extrapolating
them to the clinical situation.

5.  Conclusion

In the present study, only storage of MPC in DPBS and SBF for
1 month revealed apatite formation. Discrepancies between
in vitro and clinical study protocols directly influence the out-
come. Hence, the observed calcium carbonate was due to the
presence of blood and/or environmental carbon dioxide. Fur-
thermore, the detected amide III band indicated the presence
of organic (collagen/blood) or bacterial components. In gen-
eral, we can conclude that environmental conditions affect
the bioactivity potential of MPC.
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