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Assessment of Quality of Root Canal Filling with C Point, Guttacore
and Lateral Compaction Technique: A Confocal Laser Scanning
Microscopy Study

Sudha YADAV, Ruchika Roongta NAWAL, Sarika CHAUDHRY, Sangeeta TALWAR

Objective: The purpose of this in vitro study was to compare the quality of root canal filling of C Point, Gut-
taCore and lateral compaction using confocal laser scanning microscopy.

Methods: Ninety recently extracted human mandibular incisors with single canal were selected. Canals were
prepared with ProTaper instruments to size F3 and obturated using C Point, GuttaCore or lateral compaction
technique. Endosequence BC sealer was labeled with Rhodamine B dye to allow analysis under a confocal
microscope. The percentages of gutta-percha filled area (PGFA), sealer filled area (PSFA), voids (POV) and in-
terfacial adaptation (IA) was assessed at 2, 5 and 8 mm from the apex, using image analysis software. Kruskal—-
Wallis followed by Mann Whitney U tests were used for data analysis, and the P value was set at 0.05 (P=0.05).
Results: No significant difference was seen among the three groups at 2 mm level for PGFA, PSFA and voids
(P>0.05). At 5 and 8 mm levels, canals filled with GuttaCore had significantly higher PGFA and lower PSFA
than lateral compaction and C Point. Highest POV was seen for lateral compaction group followed by C Point
and GuttaCore.

Conclusion: Out of the three techniques examined, best results in terms of quality of root canal filling were
observed for GuttaCore. C Point system was found to be associated with internal defects such as tears and
delamination which may adversely affect the long term performance of this system.

Keywords: C point, confocal laser, GuttaCore, gutta percha filled area, inter facial adaptation, scanning mi-
croscopy (CLSM)

HIGHLIGHTS

« This study compared the quality of obturation of C
Point, GuttaCore and lateral compaction technique
using CLSM and found that Guttacore obturations
were most homogeneous at all the evaluated levels
(2, 5 and 8mm from the apex).

INTRODUCTION

Complete three-dimensional fill-
ing of the root canal system is an
important requisite for successful
endodontic treatment (1). Several
root canal filling techniques have
been developed over the years to
achieve the goal of providing fluid
tight seal. These include tradition-
ally developed lateral compaction
technique, single cone technique
and techniques using thermo plas-
ticized gutta percha. Thermo plasti-
cized gutta percha based root canal filling techniques include warm vertical compaction and carrier
based root canal filling system. Several studies indicated that Carrier based systems produce better
root canal fills compared to lateral condensation technique (2, 3). Guttacore (GC) is a recently in-
troduced core-carrier system (Dentsply Maillefer, Ballaigues, Switzerland). Even though several de-
velopments have been made in core-carrier systems, Thermafil (TF) still remains the gold standard
carrier based technique. Long term studies assessing the clinical outcomes of teeth filled with carrier
based obturation system have shown high survival and success rate (4, 5). However, the presence of
plastic carrier in TF made the retreatment and post space preparation difficult. In contrast, the core
of GCis made up of special thermoset cross linked gutta percha which can endure high temperature
generated by Thermaprep oven. The distinct advantages of GC over Thermafil are its ability to pro-
vide three dimensional filling of root canal system, easier retreatment and post space preparation (6).

« C Point obturation system was able to provide
good apical seal but was found to be associated
with internal defects.
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All the above mentioned techniques of root filling use Gut-
taPercha (GP). However, GP presents certain inherent disad-
vantages such as lack of rigidity, poor adaptation to canal walls
and a limited ability to fill canal irregularities/lateral canals (7).
C Point is a recently introduced hygroexpandable nylon poly-
mer based single cone root canal filling material. It is made up
of a central polyamide core comprising of two nylon polymers
and the outer layer is cross linked co polymer of acrylonitryl
and vinylpyrrolidone (8). When in contact with moisture, the
outer layer of C point undergoes radial non isotropic expan-
sion which pushes the accompanying sealer in close proximity
to canal wall, allowing it to adapt to canal irregularities.

The accompanying sealer (i.e. Endosequence BC Sealer, Bras-
seler, Savannah, GA, USA) is a premixed, injectable calcium sil-
icate based sealer which sets in the presence of moisture. BC
sealer has gained good reputation because of its biocompati-
bility, bioactivity and antibacterial properties. In the presence
of biological fluids, calcium and phosphate ions present in
BC sealer can precipitate to form apatite. This apatite forming
ability is responsible for its bioactivity and excellent sealing
ability (9). Furthermore, BC sealer undergoes slight expansion
(0.2%) on setting which can further improve the seal (10). The
only limitation with calcium silicate based sealers is that they
might make retreatment procedure difficult (11).

With this background, the aim of this study was to compare the
percentage of gutta-percha filled area (PGFA), sealer filled area
(PSFA), voids (POV) and interfacial adaptation (IA) in mandib-
ular incisors obturated with C point, GC or lateral compaction
technique using confocal laser scanning microscopy (CLSM).
The null hypothesis tested was that there is no difference in
the quality of root canal filling in terms of PGFA, PSFA, POV and
IA among the three experimental groups.

MATERIALS AND METHODS

Ninety mandibular incisors with straight single canals were
selected after confirming with bucco-lingual and mesio-distal
radiographic views. Access to the root canal system was made.
The working length was determined by deducting 1 mm from
the tooth length, which had been determined by inserting a
size 10 file into the canal until the tip of the file was just visible
at the major apical foramen.

Root canal preparation

After establishment of a glide path using ProGlider file (Dentsp-
ly Tulsa Dental, Tulsa, OK), ProTaper rotary files (Dentsply Tulsa
Dental, Tulsa, OK) were used to clean and shape the root ca-
nals. During preparation and between each file, 1 mL of 5.25%
sodium hypochlorite was used as an irrigant. All canals were
prepared to F3 ProTaper file. After completion of instrumenta-
tion, all specimens were irrigated with 5 mL of 17% EDTA fol-
lowing the manufacturer’s instructions and dried with paper
points. Following this the specimens were randomly divided
into 3 groups (n=30).

Root canal filling

Endosequence BC sealer (Brasseler USA, Savannah, GA, USA)
was mixed with Rhodamine B dye to an approximate concen-
tration of 0.1% in order to allow visualization under confocal
microscope (12). Using a size 30 lentulo spiral, Rhodamine

Yadav et al. Quality of obturation with C point, GuttaCore and lateral compaction technique 237

sealer mixture was applied thoroughly into the root canal
keeping the instrument 2 mm short of apex.

Group 1: Lateral compaction - A size 30, 0.02 taper GP cone
(Dentsply Maillefer) with tug back was selected. The master
cone was coated with sealer and placed into the canal. A size
20 endodontic finger spreader (Dentsply Maillefer) was insert-
ed 2 mm short of the working length. Accessory gutta-percha
cones of size 20, 0.02 taper (Dentsply Maillefer) were inserted
until the entire length of the root canal was filled. The cones
were sectioned with a heated instrument at the level of canal
orifice and compacted with plugger.

Group 2: GC - 30/.04 Obturator was heated in a GC oven
(Dentsply Maillefer, Ballaigues, Switzerland). Sealer was ap-
plied with the help of lentulo spiral and the Obturator was
inserted slowly into the canal until it reached the working
length. Excess of GP was removed with a heated plugger after
breaking the carrier by twisting.

Group 3: CPoint-AF3 Cpoint (EndoTechnologies, LLC, Shrews-
bury, MA, USA) with tug back was selected. After being light-
ly coated with a sealer it was inserted into the prepared root
canal to the working length. Excess material was removed at
the level of canal orifice using bur in a slow speed handpiece
without water.

In all the groups, access cavity was sealed with 3 mm thick
provisional restorative material (Coltosol F; Coltene) after
root canal filling. A single operator performed all the clinical
procedures. All the specimens were stored at 37°C and 100%
humidity for 1 week to allow the materials to set completely.
The specimens were sectioned horizontally at 2, 5 and 8 mm
from the apex using a 0.3 mm Isomet saw at 200 rpm under
continuous water cooling to prevent generation of frictional
heat. Then, the surfaces were polished using sandpaper under
running water to eliminate debris from the cutting procedure.

CLSM Evaluation

Images were recorded at 100X using an Olympus FV1000
confocal microscope (Olympus FluoView™ FV1000). Image
analysis was performed using Adobe Photoshop 7.0 (Adobe
Systems, San Jose, CA). From the images obtained, total canal
area, sealer filled area and void occupied area was measured in
mm?Z. For calculating gutta percha filled area, following equa-
tion was used:

Gutta percha filled area=Total canal area—(sealer filled
area+void filled area)

Next, the percentages of gutta-percha, sealer and voids in
each section were calculated. The measurements were re-
peated twice to ensure reproducibility. To evaluate interfacial
adaptation, all sealer-dentine interfaces were checked for gap
containing region. The interface adaptation was determined
by calculating the ratio between the gap-containing regions
and total sealer/dentine interface at 2, 5 and 8 mm.

Statistical analysis was performed using the nonparametric
Kruskal-Wallis test followed by Mann Whitney U test (P<0.05)
in the SPSS 17 software (SPSS Inc. Chicago, USA).
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RESULTS

From the 90 teeth, 270 sections were evaluated. No significant
differences were found amongst the groups for the interfacial
adaptation and percentage of voids in all the evaluated levels
(P>0.05). The median and range of the percentage of the eval-
uated criteria are shown in Table 1.

The results in terms of PGFA, PSFA and POV at the 2 mm level
revealed that the gutta-percha, sealer and voids area were
similar amongst the three groups. At 5 and 8 mm levels, GC
had significantly more gutta-percha and less sealer percent-
ages than lateral compaction and C Point. Overall, lateral com-
paction technique had a higher incidence of voids. Coronal
sections showed greater percentage of voids as compared to
apical and middle sections for all the groups. Figures 1, 2 and
3 show representative sections of the gutta-percha filled area
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and sealer filled area in lateral compaction, GC and C Point
group, respectively. Figure 4a and 4b show the presence of
void and a gap containing region at sealer-dentine interface,
respectively.

Internal defects were observed in root canals obturated with
C Point; in some of the samples tears in outer hydrogel layer of
C point (Fig 5a) and delamination between the outer hydrogel
and sealer layer (Fig 5b) was also observed.

DISCUSSION

In the present study, gutta percha and sealer filled area were
taken as the parameters for assessing quality of root canal fill-
ing of two novel materials (i.e. GC and C Point). In past, the
quality of root canal filling was usually assessed by measuring
apical or coronal leakage. However, the clinical significance

Figure 1. Representative CLSM images taken at 2, 5 and 8 mm levels in lateral compaction group. The presence of accessory cones can be easily

appreciated in 5 and 8 mm level sections (marked with arrow)

Figure 2. Representative CLSM images taken at 2, 5 and 8 mm levels in Guttacore group. Dense filling with minimum sealer thickness can be

noted at all the levels

TABLE 1. Values for interfacial adaptation (IA), PGFA, PSFA and POV at 2, 5 and 8 mm sections

2mm 5mm 8 mm
Group 1A PGFA PSFA POV IA PGFA PSFA POV IA PGFA PSFA POV
Lateral compaction ~ 0° 88.25° 9.35° 0° 7.15° 67.3° 28.25° 1.05° 7.9 70.9° 26.15° 1.85°
(0-24) (49.5-96.1) (3.7-43.3) (0-13.2) (0-26.4) (41.9-82.8) (17.2-45.8) (0-17.2) (0-23.8) (50.1-89.6) (10.4-36.9) (0-25.6)
GC 0° 93.2° 6.8° 0° 1.45° 81.25° 17.25° 0° 2.95° 82.3° 16.4° 0°
(0-16.5) (64.9-98.5) (1.5-33.8) (0-5.9) (0-20.6) (61.1-92.4) (7.6-31.5) (0-10.5) (0-19.4) (65.4-93.8) (6.2-27.1) (0-10.9)
CPoint 0° 94.2° 5.55° 0° 1.25° 77.85¢ 21.05¢ 0.5° 2.2 78.4° 18.85¢ 0.6
(0-10.3) (76.2-97.6) (1.3-23.6) (0-8.1) (0-20.7) (53.2-89.4) (10.6-37.4) (0-13.6) (0-21.7) (56.2-92.6) (7.4-27.9) (0-17.8)
P value 0.061 0.006 0.038  0.009 0.281 <0.001 <0.001 0.038 0.075 <0.001 <0.001 0.204

Values represent median and range. Different letter in each column indicates statistically significant differences (P<0.05). IA: Interfacial adaptation, PGFA: Percentages
of gutta-percha filled area, PSFA: Percentages of sealer filled area, POV: Percentages of voids
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Figure 3. Representative CLSM images taken at 2, 5 and 8 mm levels in C Point group

Figure 4. (a) Voids can be appreciated within the sealer mass (circled area). (b) Presence of gap at sealer-dentine junction (bracket) is clearly

distinguishable. () Unclean debris filled area (circled) in the root canal cross section which can be readily appreciated in CLSM images

Figure 5. (a) The two layers of C point i.e central core (CC) and outer hydrogel (OH) are clearly distinguishable in CLSM images. Non uniform
expansion of OH layer is also evident. One accidental finding was the presence of tear/rupture (T) seen in OH layer. (b) Delamination between

the OH layer and sealer layer can be observed

of these methodologies is doubtful (13). The techniques that some sort of solubility with time, and also shrinks on setting,
measure the PGFA or PSFA are often preferred because of their  whereas gutta-percha is comparatively more dimensionally
reliability. It is based on the fact that most of the sealers show stable (14). Hence, a good quality root canal filling should
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comprise of maximum amount of gutta percha and minimal
sealer thickness.

Stereomicroscopy, scanning electron microscopy (SEM), trans-
mission electron microscopy (TEM) and CLSM are the most
commonly used techniques to assess PGFA (15, 16). CLSM
offers several advantages over SEM. It doesn't require spe-
cial specimen processing, and observations are made under
near normal conditions. Compared to SEM, CLSM specimen
processing is nondestructive and is associated with lesser ar-
tifacts (17). Also presence of debris in some of the root canal
sections could also be easily appreciated in CLSM (Fig 4c¢). Both
voids and debris filled areas appear as dark zones, and it is not
possible to discern between the two in other modes of image
acquisition such as stereomicroscopy.

In the present study, GC and C point represented the carri-
er based technique and single cone technique, respectively.
These two techniques were compared to lateral compaction
technique which is still considered a gold standard technique
(18). It has been proven in several studies that GC results in
high quality homogeneous canal filling as compared to sin-
gle cone obturation systems (19, 20). But to the best of knowl-
edge, no study has compared GC and C Point in terms of quali-
ty of root canal filling using CLSM. That's why the current study
was designed to compare the quality of root filling using GC
and C Point.

BC sealer was used with both warm and cold canal filling
technique in our study. It has been documented in the liter-
ature that properties of calcium silicate based sealers are ad-
versely affected by heating (21), and hence, it should not be
used with warm canal filling techniques. However, a recent
study has shown that properties of BC sealer are superior to
resin based sealer when used with warm root canal filling
techniques (22).

No significant difference was observed in terms of PGFA and
PSFA at 2 mm level (P>0.05). The results are in accordance with
several studies which have concluded that single cone filling
technique can effectively fill the apical third (23, 24). Although C
Point is technically used in a single-cone obturation technique,
this material uses the property of hygroscopic expansion to fill
the gaps present between canal wall and obturation point.

At 5 and 8 mm levels, canals filled with GC produced signifi-
cantly higher PGFA and lower PSFA than that in the other
groups (P<0.05). Even after hygroscopic expansion, C Point
was not able to provide effective seal at 5 mm and 8 mm level
and was found to be heavily dependent on sealer. These re-
sults are in agreement with previous studies (24, 25) which
concluded that single cone filling techniques are often associ-
ated with lower PGFA and higher PSFA.

Percentage of voids was least for canals filled with GC at all
assessed levels. This observation substantiates the results of a
micro computed tomography and SEM analysis done by Li et
alin 2014 (26), which concluded that GC filling was associated
with lesser number of voids as compared to lateral compac-
tion (26). Maximum percentage of voids was found for lateral
compaction group followed by C Point. This could be attribut-
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ed to the limitation of the lateral compaction technique to
allow a homogeneous layer of sealer in the entire root canal
walls as previously shown (27). The results for C point are in
accordance with previous studies which state that single cone
filling techniques are heavily dependent on sealer particularly
in middle and coronal third leading to greater number of voids
within the sealer mass (25, 28).

Internal defects (tears and delamination) are one accidental
finding observed in this study with C Point root canal filling.
A study done by Didato et al investigated the percentage
change in C Point diameter when in contact with water, and
concluded that C Point undergoes a maximum of 14.4% in-
crease in diameter within first 20 minutes of water immersion
(29). This huge amount of expansion might result in rupture
of the cross linked polymer present in hydrogel layer. Pres-
ence of tearing defects and delamination in C Point filling
was also confirmed by Phase Contrast-enhanced Micro-
Computed Tomographic study done by Moinzadeh et al (30).
Presence of such defects might result in microleakage and
can potentially reduce the long term performance of C Point
root filling.

In future, research should be done to study the impact of in-
ternal defects seen in C Point filling on the long term clinical
performance of this material. Also C Point undergoes a large
amount of expansion within a very short period of time (29).
Whether such rapid expansion leads to crack initiation in the
radicular dentine needs to be evaluated in the future investi-
gations.

CONCLUSION

Within the limitations of this study, it can be concluded that
root canal filled with GC exhibited homogenous filling with
high PGFA and lower voids at all the evaluated levels. In case
of C Point, the unique property of hygroscopic radial expan-
sion could not translate into better root canal filling quality.
The presence of internal defects in C Point root canal filling
system is a matter of concern and needs further investigation.

Disclosures

Conflict of interest: None declared.

Ethics Committee Approval: Ethical clearance was obtained from institu-
tional Ethical Committee (Date: 02 September 2016 Number: MAIDS/ethical
committee/15).

Peer-review: Externally peer-reviewed.

Financial Disclosure: None declared.

Authorship contributions: Concept - S.Y,, RR.N,, S.C, S.T; Design - S..,
RR.N,, S.C, S.T,; Supervision - S.Y,, R.R.N,, S.C,, S.T.; Funding - RR.N,, S.C,, S.T,;
Materials - S.Y.; Data collection &/or processing - S.Y.; Analysis and/or inter-
pretation - S.Y.; Literature search - S.Y,, R.R.N,, S.C,, S.T.; Writing - S.Y., R.R.N.;
Critical Review - S.Y,, RR.N,, S.C,, S.T.

REFERENCES
1. Schilder H. Filling root canals in three dimensions. Dent Clin North Am
1967;723-44.

2. Soo WK, Thong YL, Gutmann JL. A comparison of four gutta-percha filling
techniques in simulated C-shaped canals. Int Endod J 2015; 48(8):736-46.

3. Clark DS, EIDeeb ME. Apical sealing ability of metal versus plastic carrier
Thermafil obturators. J Endod 1993; 19(1):4-9. [CrossRef]


https://doi.org/10.1111/iej.12371
https://doi.org/10.1016/S0099-2399(06)81032-0

EUR Endod J 2020; 3: 236-41

Yadav et al. Quality of obturation with C point, GuttaCore and lateral compaction technique

241

Pirani C, Zamparini F, Peters OA, lacono F, Gatto MR, Generali L, et al. The
fate of root canals obturated with Thermafil: 10-year data for patients
treated in a master's program. Clin Oral Investig 2019; 23(8):3367-77.
Atav Ates A, Dumani A, Yoldas O, Unal I. Post-obturation pain following
the use of carrier-based system with AH Plus or iRoot SP sealers: a ran-
domized controlled clinical trial. Clin Oral Investig 2019; 23(7):3053-61.
Beasley RT, Williamson AE, Justman BC, Qian F. Time required to remove
guttacore, thermafil plus, and thermoplasticized gutta-percha from mod-
erately curved root canals with protaper files. J Endod 2013; 39(1):125-8.
Gesi A, Raffaelli O, Goracci C, Pashley DH, Tay FR, Ferrari M. Interfacial
strength of Resilon and gutta-percha to intraradicular dentin. J Endod
2005; 31(11):809-13. [CrossRef]

Arora S, Hegde V. Comparative evaluation of a novel smart-seal obtu-
rating system and its homogeneity of using cone beam computed to-
mography: In vitro simulated lateral canal study. J Conserv Dent 2014;
17(4):364-8. [CrossRef]

Zamparini F, Siboni F, Prati C, Taddei P, Gandolfi MG. Properties of calcium
silicate-monobasic calcium phosphate materials for endodontics con-
taining tantalum pentoxide and zirconium oxide. Clin Oral Investig 2019;
23(1):445-57. [CrossRef]

Kossev D, Stefanov V. Ceramics-based sealers as new alternative to cur-
rently used endodontic sealers. Roots 2009; 1:42-8.

Hess D, Solomon E, Spears R, He J. Retreatability of a bioceramic root
canal sealing material. J Endod 2011; 37(11):1547-9. [CrossRef]

D'Alpino PH, Pereira JC, Svizero NR, Rueggeberg FA, Pashley DH. Use of
fluorescent compounds in assessing bonded resin-based restorations: a
literature review. J Dent 2006; 34(9):623-34. [CrossRef]

Wu MK, Wesselink PR. Endodontic leakage studies reconsidered. Part I.
Methodology, application and relevance. Int Endod J 1993; 26(1):37-43.
Kontakiotis EG, Wu MK, Wesselink PR. Effect of sealer thickness on
long-term sealing ability: a 2-year follow-up study. Int Endod J 1997;
30(5):307-12. [CrossRef]

Imura N, Kato AS, Hata GI, Uemura M, Toda T, Weine F. A comparison
of the relative efficacies of four hand and rotary instrumentation tech-
niques during endodontic retreatment. Int Endod J 2000; 33(4):361-6.
Betti LV, Bramante CM. Quantec SC rotary instruments versus hand files
for gutta-percha removal in root canal retreatment. Int Endod J 2001;
34(7):514-9. [CrossRef]

Kok D, Hingaro Duarte MA, Abreu Da Rosa R, Wagner MH, Pereira JR, S6
MV. Evaluation of epoxy resin sealer after three root canal filling tech-
niques by confocal laser scanning microscopy. Microsc Res Tech 2012;
75(9):1277-80. [CrossRef]

18.

19.

20.

21.

22.

23.

24,

25,

26.

27.

28.

29.

30.

Peng L, Ye L, Tan H, Zhou X. Outcome of root canal obturation by warm
gutta-percha versus cold lateral condensation: a meta-analysis. J Endod
2007; 33(2):106-9. [CrossRef]

Neuhaus KW, Schick A, Lussi A. Apical filling characteristics of carrier-
based techniques vs. single cone technique in curved root canals. Clin
Oral Investig 2016; 20(7):1631-7. [CrossRef]

Schafer E, Schrenker C, Zupanc J, Burklein S. Percentage of Gutta-percha
Filled Areas in Canals Obturated with Cross-linked Gutta-percha Core-
carrier Systems, Single-Cone and Lateral Compaction Technique. J Endod
2016; 42(2):294-8. [CrossRef]

Heran J, Khalid S, Albaaj F, Tomson PL, Camilleri J. The single cone obtura-
tion technique with a modified warm filler. J Dent 2019; 89:103181.
Al-Hiyasat AS, Alfirjani SA. The effect of obturation techniques on the
push-out bond strength of a premixed bioceramic root canal sealer. J
Dent 2019; 89:103169. [CrossRef]

Nica LM, Didilescu A, Rusu D, Bacila A, Stratul SI. Photomicrographic eval-
uation of the apical sealing capacity of three types of gutta-percha mas-
ter cones: an in vitro study. Odontology 2012; 100(1):54-60. [CrossRef]
Al-Hadlag SM, Al-Jamhan A, Alsaeed T. Comparison of the single cone
and cold lateral compaction techniques in sealing 0.04 taper root canal
preparations. Gen Dent 2010; 58(5):e219-22.

Schafer E, Koster M, Blrklein S. Percentage of gutta-percha-filled areas
in canals instrumented with nickel-titanium systems and obturated with
matching single cones. J Endod 2013; 39(7):924-8. [CrossRef]

Li GH, Niu LN, Selem LC, Eid AA, Bergeron BE, Chen JH, et al. Quality
of obturation achieved by an endodontic core-carrier system with
crosslinked gutta-percha carrier in single-rooted canals. J Dent 2014;
42(9):1124-34. [CrossRef]

Wu MK, Ozok AR, Wesselink PR. Sealer distribution in root canals obtu-
rated by three techniques. Int Endod J 2000; 33(4):340-5. [CrossRef]
Crasta SA, Nanjundasetty JK, PanugantiV, Marigowda JC, Kumar S, Kumar
A.Volumetric analysis of root canals obturated with cold lateral conden-
sation, single-cone and thermoplasticized gutta-percha techniques us-
ing spiral computed tomography: An in vitro study. Saudi Endod J 2014;
4(2):64-9. [CrossRef]

Didato A, Eid AA, Levin MD, Khan S, Tay FR, Rueggeberg FA. Time-based
lateral hygroscopic expansion of a water-expandable endodontic obtu-
ration point. J Dent 2013; 41(9):796-801. [CrossRef]

Moinzadeh AT, Farack L, Wilde F, Shemesh H, Zaslansky P. Synchrotron-
based Phase Contrast-enhanced Micro-Computed Tomography Reveals
Delaminations and Material Tearing in Water-expandable Root Fillings Ex
Vivo. J Endod 2016; 42(5):776-81. [CrossRef]


https://doi.org/10.1007/s00784-018-2756-8
https://doi.org/10.1007/s00784-018-2721-6
https://doi.org/10.1016/j.joen.2012.10.014
https://doi.org/10.1097/01.don.0000158230.15853.b7
https://doi.org/10.4103/0972-0707.136512
https://doi.org/10.1007/s00784-018-2453-7
https://doi.org/10.1016/j.joen.2011.08.016
https://doi.org/10.1016/j.jdent.2005.12.004
https://doi.org/10.1111/j.1365-2591.1993.tb00540.x
https://doi.org/10.1111/j.1365-2591.1997.tb00715.x
https://doi.org/10.1046/j.1365-2591.2000.00320.x
https://doi.org/10.1046/j.1365-2591.2001.00424.x
https://doi.org/10.1002/jemt.22061
https://doi.org/10.1016/j.joen.2006.09.010
https://doi.org/10.1007/s00784-015-1674-2
https://doi.org/10.1016/j.joen.2015.10.018
https://doi.org/10.1016/j.jdent.2019.103181
https://doi.org/10.1016/j.jdent.2019.07.007
https://doi.org/10.1007/s10266-011-0017-2
https://doi.org/10.1016/j.joen.2013.04.001
https://doi.org/10.1016/j.jdent.2014.04.008
https://doi.org/10.1046/j.1365-2591.2000.00309.x
https://doi.org/10.4103/1658-5984.132720
https://doi.org/10.1016/j.jdent.2013.06.012
https://doi.org/10.1016/j.joen.2016.01.023



