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Abstract
Background Little research has been conducted to evaluate protocols and trends in 
orthodontic retention. The objective is to identify the general retention protocols used 
among orthodontists in the Iraq. Materials and methods the study was conducted 
via an electronic survey (Survey Monkey® software facility) with branching logic on 
certain questions. The survey questionnaire was sent to 172 orthodontist members 
of the Iraqi Association of Orthodontists. Results Vacuum formed retainers were 
the most frequently used retainer type for the maxillary (61%) and mandibular arch 
(60%); followed by Hawley retainers (34%) in the maxillary and (30%) in mandibular 
arch; while fixed retainer was much less frequently used in maxillary arch(9%) and in 
the mandibular arch(19%). the orthodontists recommended an average of 22 hours a 
day (SD = 1.5) for retainers should be worn During the retention phase (duration av-
erage 9.2 months). The orthodontist responses revealed the patient compliance to the 
vacuum formed retainers about (43%) and (46%) for the maxillary and mandibular 
arch respectively; and for the Hawley retainers about (25%) and (40%) in maxillary 
and mandibular arch respectively, for the fixed retainers was reported as (25%) in 
the maxillary arch and (7%) in mandibular arch, (77%) of patient compliance to their 
retention protocol at the first six month after debonding that decrease to (46%) and 
(9.8%) after one and three years following active treatment respectively. Conclusion 
Vacuum Formed Retainers were the most common retainer choice in the maxilla and 
mandible with full-time wear which the orthodontist believed the more patient compli-
ance followed by Hawley retainers then fixed retention.

Keywords: Survey, Orthodontic retention, Iraqi orthodontists

Introduction
Retention is the phase of orthodontic treatment that attempts to maintain teeth in 
their corrected positions after active tooth movement and regard one of the most 
difficult challenges facing the clinician in orthodontics (Melrose and Millett, 1998). 
Retention can be achieved by placing removable or fixed retainers. There is no rec-
ognized duration for retention, although it has been shown that; at least in relation 
to periodontal factors; it takes on average a minimum of 262 days for fibers around 
the teeth to remodel to the new tooth position (Reitan, 1959). There is a variation 
in retention protocols used in contemporary orthodontic practice however there is a 
general agreement among orthodontists that regardless of the length of retention 
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period or the type of retainer, patients must have some type of retention following 
active treatment for gingival and periodontal tissue reorganization and the changes 
produced by the time during growth period  may alter treatment result of did not 
achieve within the physiological equilibrium of growing patient (Proffit et al, 2012). 
Many studies, surveys and systematic reviews evaluated orthodontic retention pro-
tocols, type of retainers and patient satisfaction at least 5 years posttreatment were 
published and a few evidence-based conclusions was reported on this subject (Lit-
tlewood et al, 2006, Bondemark et al, 2007). Keim et al, 2008 published a survey 
among orthodontist in the United States of America showed that although decreas-
ing the Hawley retainer; remained the most commonly used retainer, while ‘invisible’ 
retainers had continued to gain popularity. In addition, the use of bonded retainers 
with permanent retention period increased with nearly one-third of the clinicians us-
ing them routinely in the mandibular arch (Keim et al, 2008). Valiathan and Hughes, 
2010 surveyed 2000 members of the American Association of Orthodontists in the 
United States regarding orthodontic retention and concluded the maxillary Hawley re-
tainers (58.2%) and mandibular fixed lingual retainers (40.2%) were the most com-
monly used for less than 9 months of full-time wear of removable retainers and most 
orthodontists (75.9%) did not instruct patients to have the fixed lingual retainers re-
moved at least five years. Pratt et al, 2011 conducted the same survey showed mean 
retention protocols of the surveyed population predominant use of Hawley or vacuum-
formed retainers in the maxillary arch and fixed retention in the mandibular arch. For 
both arches, there is a current shift away from Hawley retainers and toward vacuum-
formed retainers and fixed retention. The retention protocols and preferred methods 
of retention were evaluated in Australia, New Zealand, the United Kingdom, and the 
Netherlands. Orthodontists in Australia and New Zealand preferred vacuum-formed 
retainers for the maxillary arch and fixed retention for the mandibular arch. Half of 
the surveyed orthodontists used a specific retention period, with a median of 2 years 
(Wong and Freer, 2004). Orthodontists in the Netherlands preferred fixed retention 
for both arches (Renkema et al, 2009). However Private practices in the United King-
dom preferred a combination of vacuum-formed retainers and fixed retention (Singh 
et al, 2009). Norwegian orthodontists commonly used fixed retainers in the mandible 
and a combination of a fixed and a removable retainer in the maxilla, and retainers in 
the mandible are kept much longer than in the maxilla, most often more than 5 years 
(Vaska et al, 2013). The purpose of the present study was to survey retention proto-
cols used among orthodontist in Iraq and to compare the results with similar studies 
in other countries.

Materials and methods
The study was conducted via an online questionnaire survey sent to the orthodontists 
in Iraq using the Survey Monkey® software facility, full lists of names and addresses 
of orthodontists were randomly selected from the Iraq Society of Orthodontists di-
rectory who’s working in private practice and dental centers with different years of 
practice. The survey form was formulated after undertaking a pilot study among six 
orthodontists prior to the study to ensure clear understanding of questions, validate 
the relevance of the questions to a specialist orthodontist population and establish the 
approximate time taken to complete the questionnaire (10 mins) with minor modifica-
tion of questions after pilot study. Adequate space was also provided for additions or 
further comment. Non-responders (42 Orthodontists) were sent a reminder question-
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naire after one month of the original deadline, 26 of the non-responder orthodontists 
were replied, no further reminders were issued after the second deadline.

Statistical analysis
Data were statistically analyzed by a software computer program SPSS, version 18 to 
obtain descriptive statistics (means, standard deviation, and standard error), and Chi-
square analysis.
Results
The orthodontist responses were 156 of 172 questionnaires (90%) that was e-mailed, 
Vacuum formed retainers were the most frequently used retainer type for the maxil-
lary arch (61%); followed by Hawley retainers (34%) while fixed retainer (9%) was 
much less frequently used. In the mandibular arch, there was also most frequently 
used of vacuum formed retainer (60%); followed by Hawley retainers (30%) and 
fixed retention (19%) was more frequently used than maxillary arch (Figure 1). 
Most of surveyed orthodontist (80.8%) practiced the post retention phase of reten-
tion protocol and reported increase in use of vacuum formed retainer in maxillary 
(p=1.43×10-6) and fixed retainer in mandibular arch (p=1.2×10-6), while about 
(19.2%) of respondents was not practiced the post retention phase. Orthodontist who 
practice post retention phase and preferred to use vacuum formed retainer in maxil-
lary arch instruct their patient to wear their appliance at night for the post retention 
period (p=43×10-5).

  

The responses about the number of hours per day the orthodontist recommended for 
retainers should be worn and the duration of the retention phase summarized in Ta-
ble 1. The orthodontists reported that the percentage of patient compliance to their 
retention protocol was (77%) at the first six month after debonding and this percent 
decrease to (46%) and (9.8%) after one and three years following active treatment 
respectively; the least patient compliance to retention protocol reported as (4%) in 
5 years following active orthodontic treatment. The orthodontist responses revealed 
the patient compliance to the vacuum formed retainers about (43%) and (46%) for 
the maxillary and mandibular arch respectively; and for the Hawley retainers about 
(25%) and (40%) in maxillary and mandibular arch respectively; the compliance of 
patient to the fixed retainers was reported as (25%) in the maxillary arch and (7%) in 
mandibular arch, (6%) of responses was reported no difference in patient compliance 
to types of retainers. 
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Table 1: The responses about the recommended number of hours per day for 
retainers worn.

Discussion
The response rate to this survey was ninety percent regarded a high percentage of 
the Iraqi orthodontists participated in this survey which gave a reliable result; the 
non-responding orthodontists was so small that might be due to the time for replay or 
the number of questions; however, it could not affect the result of the study. The pilot 
testing of the questionnaire undertaken prior to study; gave strength of this study 
and to ensure its validity, reliability and acceptability. The Vacuum Formed Retainers 
(VFR) used to considerable degree in maxillary and mandibular arch; these findings 
were consistent with those from the surveys in the USA and Australia/New Zealand 
that showed the VFR is the most retainer type which gain popularity, the popularity 
of VFR may be due to cost-effectiveness for the orthodontist who found it quicker and 
easier to fit; also most of Iraqi orthodontist fabricate the VFR at their clinic labora-
tory. The VFR has a good patient preference due to the transparent appearance and 
superior esthetics; also, the improvement in the patient quality of life encouraged 
the patient seeking for bleaching after active orthodontic treatment who motivated 
about the use of VFR as a tray for dental bleaching gel and the orthodontist aware for 
that use by patient leading to increase the use of VFR. A minority of the orthodon-
tists used fixed retainers and believed that fixed retainers often deboned and become 
loose with time and cause plaque accumulation. The fixed retainers were more fre-
quently used in mandibular than maxillary arch, this might be attributed to minimal 
need for patient compliance, in addition some orthodontist considered the mandibular 
anterior teeth highly susceptible to relapse (Bondemark et al, 2007). There are simi-
lar and different points with similar studies conducted in other countries about reten-
tion protocols; most of orthodontist in these studies reported the fixed retention as 
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the least preferred option among retainers (Keim et al, 2008, Valiathan and Hughes, 
2010, Michael et al, 2011). The popularity of VFRs was similar to findings in Australia, 
New Zealand and in the UK (Wong and Freer, 2004 and Singh et al, 2009). VFRs, in 
addition, was the second most common maxillary retainer choice in the USA and the 
second most common mandibular retainer in both The Netherlands and in the USA 
(Keim et al, 2008, Valiathan and Hughes, 2010, Renkema et al, 2009). The extraction 
decision as a part of treatment plan was the factor that influenced (50.6%) of Iraqi 
orthodontists’ retainer choice in which the orthodontist tend to use the fixed retainer 
in non-extraction cases in mandibular arch which highly susceptible to relapse while 
the VFRs used mostly in maxillary arch in extraction and non-extraction cases which 
that in agreement with the findings in The Netherlands and Australia/New Zealand 
(Bondemark et al, 2007, Wong and Freer, 2004, Renkema et al, 2009). Most of sur-
veyed orthodontist practiced the post retention phase of retention protocol because 
they expect even if the teeth are held in position during retention period, in the long 
term they can show relapse therefore, preferred to retain for longer post retention 
periods with VFR in maxillary arch and fixed retainer in mandibular arch with periodic 
follow up 0of patient to check the relapse, oral hygiene and the patient compliance. 
The patient compliance for six month is different largely from the compliance in five 
years retention period in the opinion of the Iraqi orthodontist because some of their 
patient missing the follow up appointment for that length of time (Littlewood et al, 
2006, Keim et al, 2008). The orthodontist not reported favorable compliance rate of 
Hawley retainer because the orthodontist may stop the regular checkup of their pa-
tient to know the percentage of patient compliance with long retention time (Little-
wood et al, 2006, Keim et al, 2008). The orthodontist recommended wearing retain-
ers for an average 22 hours a day (full time wear) in retention phase could be due to 
a greater confidence in minimizing relapse in the retention phase. The orthodontist 
recommended their patient to wear the retainer for 12 hours (the part-time wear, 
night time wear) in the post retention phase, because the retainer does not interfere 
with the patient’s daily activities, becomes a habit, more patient compliance, patients 
are also less likely to lose them and minimize the relapse.

Conclusion
•Vacuum Formed Retainers were the most common retainer choice in the maxilla and 
mandible with full-time wear followed by Hawley retainers then fixed retention.
•The orthodontist advised the patient to wear the retainer for an average of 22 hours 
a day during 9 months of retention phase, and 12 hours a day during the next 9 
months of post-retention phase.
•The orthodontist believed the more patient compliance was to the vacuum formed 
retainers followed by the Hawley retainers for the maxillary and mandibular arch 
respectively at the first six month; while minimum patient compliance to the fixed 
retainers, (6%) of responses reported no difference in patient compliance to types of 
retainers. percentage of patient compliance to their retention protocol decreased after 
one and three years following active treatment.
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Abstract
Background Several root canal filling materials and techniques have been developed 
and studied, aiming to completely fill the root canals, their ramifications, and any an-
atomical variations, which are frequently observed. The objective is to investigate the 
push out bond strength of three different obturation materials GuttaFlow 2, Therma-
fil and GuttaCore at different levels. Materials and methods thirty extracted upper 
molars were collected and the palatal roots were sectioned at the CEJ of the tooth. 
The platal roots were instrumented with Hyflex CM rotary files to the size of 40/0.06.
The instrumented samples were divided into three groups of ten samples each, the 
first group was obturated with GuttaFlow 2, the second group was obturated with 
Thermafil and the third group was obturated with GuttaCore obturating materials. Af-
ter an incubation period of 7 days, each sample were sectioned into three sections of 
2 mm thickness (apical, middle, coronal), each slice then introduced to the push out 
testing using a universal testing machine at a cross head speed of 0.5 mm/min. 
Results it showed Push-out bond strengths were significantly higher when canals 
were filled with GuttaCore than those filled with Thermafil and GuttaFlow 2. And Ther-
mafil showed a higher significant difference than the GuttaFlow 2. It also showed that 
the bond strength values decreased from the coronal to the apical direction. Conclu-
sion The thermoplasticized gutta-percha appears to achieve higher push out bond 
strength values than the cold flowable gutta-percha. With GuttaCore showed higher 
push out bond values than Thermafil.

Keywords: Guttaflow, Guttacore, Gutta Percha, Thermafil, Root 
canal

Introduction
The goal of endodontic treatment is the three-dimensional filling of the root canal sys-
tem after its cleaning and shaping. Several root canal filling materials and techniques 
have been developed and studied, aiming to completely fill the root canals, their ram-
ifications, and any anatomical variations, which are frequently observed (Junior et al, 
2015). Carrier-based obturation was first described in 1978 and involved the coating 
of endodontic files with thermoplasticized GP. The most commonly used carrier-based 
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obturation technique is likely Thermafil. The manufacturer of Thermafil (DENTSPLY 
Tulsa Dental Specialties) introduced a new carrier-based thermoplasticized gutta per-
cha obturation material in 2010, which they called GuttaCore. The main difference be-
tween the Thermafil obturator and the GuttaCore obturator is the material from which 
the carrier is manufactured: the Thermafil carriers are made from plastics, and the 
GuttaCore carrier is made from a proprietary cross-linked gutta percha (Schroeder, 
2014). The advantage of this technique is the use of a carrier to compact thermoplas-
ticized GP and sealer both laterally and vertically more rapidly than other techniques 
(Hale et al, 2012). In 2012, Coltène/Whaledent Inc. introduced a cold, flowable, self-
curing filling material for root canals that combine gutta-percha and sealer into one 
injectable system (GuttaFlow 2). The sealer contains gutta-percha in particle form 
combined with a polydimethylsiloxane- based sealer (www.coltene.com). Adhesion 
of root canal filling material to dentinal walls is important in both static and dynamic 
situations. In a static situation, it should eliminate any space that allows the percola-
tion of fluids between the filling and the wall. In a dynamic situation, it is needed to 
resist dislodgement of the filling during subsequent manipulation; Bond-strength test-
ing has become a popular method for determining the effectiveness of adhesion be-
tween endodontic materials and tooth structure (Amara et al, 2012). Currently, micro-
tensile bond strength test methods are commonly used to measure the bond strength 
of numerous dental materials (Armstrong et al, 2010). Unfortunately, the tensile 
bond strength test method is not appropriate for use with intracanal filling materials 
because of the high percentage of premature bond failures and the large variation in 
test results (Soares et al, 2008). A push-out test modified from the shear punch test 
has been advocated as a more suitable test for evaluating the bond strengths of intra-
canal filling materials (Goracci et al, 2004).

 
Materials and Methods
Thirty freshly extracted maxillary molars teeth with straight palatal root selected from 
different health centers for this study according to specific criteria. The age (18-45 
years) while the gender, pulpal status and reason for extraction were not considered 
and criteria for teeth selection included the following: straight root canal and round 
in cross section, mature, centrally located and patent apical foramen, roots devoid of 
any resorptions, initial size of #15 hand k-file, and most important the roots should 
be a 10 mm in length (Naser and Al-Zaka, 2013). Using a diamond disc with straight 
hand-piece and water coolant, the palatal root of each tooth was sectioned perpen-
dicular to the long axis of the root at the CEJ area to facilitate straight line access 
for canal instrumentation and filling procedure (Garcia et al, 2014). The pulpal tissue 
was removed by using barbed broach, then a size 10 k-file was used to ensure apical 
patency, Also the size 10 k-file was used to determine the exact location of the apical 
foramen by advancing the file into the canal until it was visualized at the apical fora-
men by surgical loups 2.5 x magnifications. The correct working length is established 
by subtracting 1 mm. from this measurement (Naser and Al-Zaka, 2013). The roots 
held with a Silicon rubber base (heavy-body), to facilitate handling of the roots dur-
ing instrumentation and obturation technique (Al- Ani and Al-Huwaizi, 2011). Before 
starting the instrumentation a size 15 k-file was used to obtain a glide path, the file 
was introduced to the full working length then a small stroke was used, to confirm 
that a reproducible glide path is present; the size 15 file was taken to full working 
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length. The file was then withdrawn 1 mm and should be able to slide back to work-
ing length by using light finger pressure. Thereafter, the file is withdrawn 2 mm and 
should be able to slide back to working length, using the same protocol. When the 
file can be withdrawn 4 mm to 5 mm and slide back to working length, a reproduc-
ible glide path was confirmed (Van der Vyver and Scianamblo, 2014). The canals was 
prepared with crown down technique using Hyflex  system  (Coltene/Whaledent, Swit-
zerland) to 40/.06, TC II (NSK, Japan) Endo-Motor was used to operate the files and 
the program was set at 300 rpm speed of rotation and 3Ncm torque. The roots were 
randomly divided into three groups, each group of 10 roots. The first group was obtu-
rated with GuttaFlow 2 (Coltene/Whaledent, Switzerland) the second group was obtu-
rated with Thermafil (Tulsa Dental Dentsply, Tulsa, OK, USA) and the last group was 
obturated with GuttaCore (Tulsa Dental Dentsply, Tulsa, OK, USA). In the first group, 
GuttaFlow 2 was dispensed through its automix syringe tip into a paper pad, then a 
size 40 k-file was used to carry the material into the canal by using a counter clock-
wise motion, afterwards a size 40/.06 gutta percha is coated with GuttaFlow 2 and 
inserted to the full working length of the canal. (www.coltenewhaledent.com). In the 
second group, the canals of the roots was checked with a size verifier corresponding 
to the last file size of instrumentation which is 40/.06, Check passivity by taking the 
size verifier to working length and rotating in the canal 360 Degrees which was done 
prior to drying the canal (Stropko, 2013). Endofill sealer (Produits Dentaires SA, Swit-
zerland) was mixed according to the manufacturer instructions, on a dry clean glass 
slab with a spatula. The mixture had a homogenous creamy consistency, then a paper 
point size 40/.06 is coated with the sealer and used to brush the canal’s coronal third 
then a second paper point was used to remove excess of the sealer material. (Edds 
A., 2013) Thermafil obturator size 40/.06 (Tulsa Dental Dentsply, Tulsa, OK, USA ) 
was selected and placed in the obturator holder of Thermaprep plus oven then the 
holder was pushed down  and the size of the obturator was selected in the oven and 
the start button was pressed in order to start thermoplasticizing the obturator, after 
several seconds the obturator was signaling beeping sound which indicates that the 
obturator was ready to be used, the obturator was removed from the oven and placed 
within the canals with a pressing downward motion to the full working length of the 
canal. Excess was removed with round bur operating at high speed at the orifice level 
and a round bur at low speed was used to provide a 1mm room for HV resin modified 
glass ionomer (Vemisetty et al, 2014). In the third group, the size verifier was used 
in the same manner as in the second group while the same protocol of sealer mix-
ing and placement in the Thermafil group was carried out in the third group. Gutta-
Core obturator size 40/.06 (Tulsa Dental Dentsply, Tulsa, OK, USA ) was selected and 
placed in the obturator holder of  Thermaprep 2 oven (Tulsa Dental Dentsply, Tulsa, 
OK, USA)  then  the size of the obturator was selected in the oven and the holder was 
pushed down  in order to start thermoplasticzing the obturator, after several seconds 
the obturator was beeping which indicated that the obturator was ready to be used, 
the obturator was removed from the oven and placed within the canal with a pressing 
downward motion to the full working length of the canal. The handle of the obturator 
and excess material extruded from the orifice was removed by bending the obtura-
tor handle right and left (Edds, 2013), a round bur operated at low speed was used 
to provide a 1mm room for HV resin modified glass ionomer. The roots then radio-
graphed to ensure adequate obturation then each group was wrapped in moistened 
gauze, which afterwards stored in an incubator for 7 days at 100% humidity and 37 
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co (Ertas et al, 2014). After the storage period the samples were embedded in clear 
orthodontic resin (Al-Kahtani et al, 2013). Afterwards the acrylic molds were marked 
with a waterproof pen, the markings were used as a guide in roots sectioning process, 
four cuts were made at (1.5), (4), (6.5) and (9) mm to obtain three sections apical 2, 
middle 4.5 and coronal 7 mm from the anatomic apex. Using diamond cut off saw the 
cut were made under water coolant to minimize smearing (Ehsani et al, 2013) al-
though the thickness of the diamond disk was 0.35 mm it actually made a 0.5mm cut. 
Each section was marked at its apical side and numbered on the coronal side. At this 
moment each group consist of 30 specimens with a total of 90 specimens included in 
the study. Push out test was performed by applying a compressive load to the apical 
aspect of each slice via a cylindrical plunger mounted on a Laryee universal testing 
machine managed by computer software (UTM software), Push-out force was applied 
on the obturation material in an apical-coronal direction by a Laryee universal testing 
machine. Each slice was oriented to ensure the apical surface faced the plunger. The 
plunger was centralized so as to avoid contact with dentine. Micro push-out testing 
was performed at a crosshead speed of 0.5 mm/min until bond failure occurred. (Ak-
temur et al, 2013). Push-out strength data were determined in MPa by dividing the 
load in Newton by the bonded surface area (SL) in mm2. SL was calculated using for-
mula: SL = (R1+R2)√ (R1 + R2) 2+h2  where, (R1) is the apical carrier radius (base), 
(R2) is the coronal carrier radius (top), and h is the height of the slice. 
(Giachetti et al, 2012).
Collected data were analyzed using SPSS (statistical package of social science) soft-
ware. In this study the following statistics were used:

A- Descriptive statistics: including mean, standard deviation, standard error, minimum 
and maximum and graphical presentation by bar charts.
B-Inferential statistics which include:
1- One way analysis of variance test (ANOVA): to test any statistically significant dif-
ference among the push out bond strength of all groups at all levels, and the differ-
ence among the levels in each group. 
2- Least significant difference test (LSD): to test any statistically significant difference 
between groups at different levels.

Results
The findings of push out strength (MPa) test are summarized in Table 1, GuttaCore 
group has the highest mean values at all levels in comparison with other groups fol-
lowed by Thermafil group, while GuttaFlow 2 group has the lowest mean value at all 
levels. Analysis of variance (ANOVA) test was performed and showed that there were 
very highly significant differences (p≤0.001) at all levels (Table 2).The least signifi-
cant difference test (LSD) was performed for multiple comparisons between groups 
(Table 3), it shows a highly significant difference between group 3 and group 1 and 2 
at all levels, and significant difference between group 2 and 3 at the apical level and 
non-significant at the middle and coronal level.
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Table 1: The push out bond strength values.

Table 2: Comparison the push out bond strength among the groups at each level.

Analysis of failure mode:
The analysis for failure modes for push out bond strength shows that the predominant 
mode of failure in GuttaCore was adhesive S/D, and the predominant mode of failure 
with Thermafil was mixed (cohesive and adhesive), finally the GuttaFlow 2 showed a 
predominant adhesive failure S/G. 
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Table 3: LSD test for mean push out bond strength between the three groups at each level.

Discussion
An effective method for determining the strength of adhesion between endodontic 
materials and root structure is push-out bond strength testing (Ehsani et al, 2013). It 
allows assessment of regional differences in bond strength along the root canal and 
is less prone to premature specimen failure (Aktemur et al, 2013). In this study each 
Sample were sectioned into three of 2-mm-thick slices, the three sections represent 
the apical, middle, and the coronal sections to calculate the push out bond strength 
on different levels within each root. A 2 mm sections were used in order to prevent 
premature debonding (Barbizam et al, 2011). Since punch diameter may affect the 
bond strength (Sirisha et al, 2014), three different punch sizes were used to provide 
complete coverage of the core material in the three sections of each sample. Push-out 
force was applied on the obturation material in an apical-coronal direction, the stain-
less steel cylindrical plunger mounted on a Laryee universal testing machine. Each 
slice was oriented to ensure the apical surface faced the plunger. The plunger was 
centralized so as to avoid contact with dentine. The crosshead speed was 0.5 mm/
min, crosshead speeds of 0.50 mm/min and 0.75 mm/min should be preferred due to 
their better cohesive versus adhesive results (Sirisha et al, 2014). In this study car-
rier based obturation materials (Thermfil and GuttaCore) shows a highly significant 
difference with the cold flowable obturation material (GuttaFlow). This could be ex-
plained that carrier based obturation technique allowed thermoplastic gutta-percha to 
flow better into lateral canals, had fewer voids, and replicated the root surface better. 
More recent studies reported that canals obturated with core- carrier techniques had 
the highest gutta-percha content within the filled canal space (Li et al, 2014). In ad-
dition studies have shown that canal irregularities were filled with both the sealer and 
gutta-percha with the carrier based obturation techniques demonstrating greater GP 
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adaptation to the intricacies of the root canal system (Bhandi, 2013). Also the carrier 
based obturation technique possesses a very good quality of compression and fluency 
that allows the penetration of gutta-percha with the formation of numerous of gutta-
percha tags inside the dentinal tubules and good seal of the endodontic space (Migliau 
et al, 2014). Moreover, SEM findings at the 4-mm sectioned canal level, that speci-
mens obturated with GuttaCore carriers were completely gap-free and void-free (Li 
et al, 2014), this results is in agreement with (Hwang et al, 2015). A high significant 
difference was found between the GuttaCore and the Thermafil group, possibly due 
to the fact that GuttaCore made completely from gutta-percha in two different forms 
thereby GuttaCore carrier appeared to offer better micromechanical retention to the 
surrounding gutta-percha than the Thermafil carrier (Al-Hashimi et al, 2014) which 
could reduce the possibility of failure within the core material. A noticeable drawback 
in the Thermafil obturation technique represented with the stripping of gutta-percha 
when the carrier placed in the canal Stripping may be due to both the characteristics 
of the alpha-phase gutta-percha and the constraints on the inflexible carrier (Juhlin et 
al, 1993).These challenges were eliminated in the GuttaCore through its cross-linked, 
thermoset elastomer of gutta percha (Gutmann, 2012). This result was in agreement 
with (Al-Hashimi et al, 2014). When comparing the GuttaFlow 2 with the GuttaCore 
and the Thermafil it shows a significant difference, this might be attributed to the 
minute voids, within the core of the GuttaFlow, may be a result of the manufactur-
ing process (Anantula & Ganta, 2011). Also it could be related to the smaller contact 
angles that the GuttaFlow 2 and other silicone – based sealers have. Such a finding 
implies decreased wettability of GuttaFlow compared with conventional sealers (Na-
kashima and Terata, 2005; Saraf-Dadpe and Kamra, 2012; Tummala et al, 2012; Aba-
da et al, 2015). It was reported that the matrix of this thixotropic sealer might flow 
under the pressure applied by the inserted gutta-percha cones, leaving only the gut-
ta-percha particles between the cones and the dentin wall (Kandaswamy et al, 2009; 
Jain et al, 2014). Moreover the use of a single cone technique may result that the vol-
ume of sealer is high relative to the volume of the cone, and this ratio promotes void 
formation and reduces the quality of the seal (Bouillaguet et al, 2008). This result 
agrees with (Punia et al, 2011) and (Bhandi, 2013). The results of the current study 
indicate that in all the three groups, the bond strength is decreasing from the coro-
nal to the apical regions which may be due to decreased density and the diameter of 
dentin tubules towards the apical (Ebrahimi et al, 2014). Also the lack of access of the 
apical region to the irrigation solutions and the consequent incomplete removal of the 
smear layer may decrease the penetration of the sealer into dentinal tubules and may 
thereby affect adhesion in the apical region (Hegde and Arora, 2015).

Conclusion
Under the circumstances of this study, GuttaCore showed the highest push out bond 
strength mean values followed by Thermafil. Gutta flow 2 showed a minimum bond 
strength mean value. The bond strength mean values decreased from the coronal part 
to the apical part in all the samples. Analysis for failure modes showed a predominant 
S/G failure mode with GuttaFlow 2, while the predominant mode of failures with Ther-
mafil was mixed and S/D with GuttaCore.
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Abstract
Background To prepare new calcium based intracanal medicament from egg shell 
and sea shell powder mixed with pure coconut oil then evaluate the antibacterial ac-
tivity of the new prepared materials and compare the result with Metapex intracanal 
medicament. Materials and Methods Calcium based intracanal medicament have 
been prepared from local egg shell and from seashell (Cowrie) in a form of nano calci-
um oxide powder; each powder was mixed separately with locally made pure coconut 
oil to form two experimental materials. Antimicrobial activity was evaluated by direct 
contact inhibition zone test of each experimental material and control with Enterococ-
cus faecalis, after 24 hours of incubation at 37◦C, zone of bacterial growth was ob-
served and measured. Results The results showed that both of the prepared materi-
als have antibacterial effect, these results were statistically analyzed using One-way 
ANOVA & Duncan›s Multiple Range test at p=0.01 levels. Conclusion Results have 
shown that both egg and sea shells contain many types of metal oxides in different 
concentration that might have antibacterial action in addition to the lauric acid from 
the coconut oil which clinically proven to have antibacterial activity that aided the ex-
perimental materials to have an acceptable antibacterial activity. 

Keywords: Antibacterial activity, coconut oil, calcium oxide, Egg-
shell, intracanal medicament, seashell

Introduction
During endodontic treatment pain, swelling and tenderness might occur which might 
cause discomfort for the patient and lead to sudden emergent visit to dental office. 
These complications might happen due to the presence of microbes inside root canal 
system which cause periapical inflammatory lesion, so the elimination of these mi-
crobes might greatly reduce post treatment discomfort and enhance the success rate 
of endodontic treatment (Siqueira et al, 2002). Many mechanical methods were intro-
duced to eliminate microorganisms from root canal system, including different hand 
and rotary root canal instrumentation techniques (Siqueira, 2003; Peters et al, 2002). 
Intracanal medicaments may present such characteristics may act for longer time 
when remaining in the canal between appointments of endodontic treatment (Himadri 
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et al, 2019). Calcium hydroxide Ca (OH)2 is commonly used as intracanal medica-
ment because of its antibacterial properties, mainly due to its alkaline pH. However, 
calcium hydroxide cannot be considered as an ideal canal medicament, as it can-
not eliminate all microbes found in root canal (Priyanks et al, 2017). Usually calcium 
hydroxide is available as powder and it must be mixed with vehicles such as distill 
water, anesthesia, or glycerin in order to become applicable. Most of these vehicles 
do not have antimicrobial properties, therefore materials with potent antimicrobial 
action such as 2% CHX gel, Iodoform, Camphorated Para-monochlorophenol (CPMC) 
are added as ingredients. Combination of calcium hydroxide with these materials 
may provoke discoloration of the tooth, irritation of the periapical tissue if extruded 
and are not easily removed from root canals (Shuping et al, 2007; Kim and Kim, 
2014). Concerns are increased about using natural products in dentistry. Coconut oil 
has been used in dentistry to prevent dental caries due to its ability to destroy most 
strains of Streptococcus microorganisms, specially Streptococcus mutans, which are 
responsible for the productions of acids that cause tooth decay (Barnabé et al, 2008). 
In addition to antimicrobial action, coconut oil has antifungal and antiviral activities 
and used in many healths care products (Oyi et al, 2010). The main beneficial action 
of coconut oil is due to the presence of a high natural content of lauric acid (Gopala et 
al, 2010). Calcium oxide (CaO) has been used as a root canal filling material. Studies 
showed that CaO is very effective because its biocompatibility (Guigand et al, 1999). 
It dissolves organic debris which aids in close adaptation of material to the dentin wall 
(Guigand et al, 1997), induce elevation of alkalinity through dentin thickness (Minana 
et al, 2001), translocate calcium into dentinal tubules (Guigand et al, 1997) and pro-
vide apical sealing that can resist dye penetration (Goldberg et al, 2004). Nano tech-
nology is growing very fast in the field of dental biomaterials, it may aid in diagnosis 
and recovery of oral cancer, stops the accumulation of plaque, prevention of teeth 
hypersensitivity and applied to enhance esthetic and physical properties of restorative 
materials to replace missing tooth structure and improve sealing of root canal filling 
material. The aim of this study is to determine the antimicrobial activity of an experi-
mental root canal medicament prepared from coconut oil and nano CaO powder, all 
extracted from local natural products. 

Materials and Methods:
Sample preparation
The powder of the material consists of calcium oxide, prepared either from egg or sea 
shell. 

Preparation of the egg shell powder
Egg shell powder was prepared according to (Alkhalidi et al, 2014). Egg shells were 
collected from local chickens which were fed the same provender. Clean shells were 
collected, washed in distilled water then were boiled for 15 minutes to eliminate mi-
crobes and left in water for 12 hours to facilitate the removal of the inner protein lay-
er by the use of a fine tweezers. The inner protein layer was rechecked with the aid of 
magnifying loops (Denshine, China). Following, the shells were immersed in water so 
that all the fine remnants float at top surface of water and shells were left to dry for 
24 hours. The shells were heated in a furnace (Manfredi, Italy) to 900º C for one hour 
(Figure 1), after letting the shells to cool for three hours they looked chalky white in 
color and became very brittle and porous, this is because that CaCO3 decomposed 
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and gave CaO and CO2 according to the following reaction (Engin et al, 2006).

CaCO3 = CaO+CO2

Each 110g of egg shell gave 84g of CaO, the heated shells were grounded into pow-
der using coffee grinder (Braun, Mexico) and nanoparticles were gained according to 
(Amer et al, 2015). The particles sized were standardized using 25 Mm sieve. Nano 
particles were evaluated using Transmission Electron Microscope (Philips CM10, Hol-
land). All powder was stored in a tightly sealed container.

Figure 1: Egg shells in furnace.

Preparation of the sea shell powder
Preparation of sea shell powder was done according to (Neam et al, 2015). Sea shells 
(Cowrie) were bought from local market and kept moist under water for 24 hours 
then cleaned using ultrasonic cleaning machine (Link Instrument, Chine) and brushed 
with dental brush to remove any remnant debris. The seashells were heated in a 
furnace (Manfredi, Italy) to 1000º C for two hours (Figure 2), and left to cool for four 
hours they looked chalky white in color and became very brittle. Each 67g of seashells 
gave 41g of CaO. The production procedure and the storage of the powder was the 
same as for the egg shells powder.

Figure 2: Sea shell in furnace.
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The liquid
The liquid consisted of virgin coconuts oil (VCO) without any preservatives or an addi-
tive which was prepared from mature coconut according to (Divina and Keith, 2006). 
After removing the outer shell of coconut fruit, the coconut meat was washed thor-
oughly with water then sliced into small pieces. Warm water is added to the coconut 
pieces (about 1 cup of warm water is added to 1 cup of coconut pieces) and mixed in 
blender (Modex, UK) until a homogenous, smooth creamy mixture was gained. The 
collected creamy mixture was sieved by pouring a small amount of the coconut mix-
ture onto a muslin cloth then squeezed into a bowl to collect pure coconut milk. The 
bowl was covered and left for 24 hours. This will make the coconut milk to separate 
from water and float on the surface. The thickened milk is collected from the surface 
and put in a clean dry pot and heated very slowly for 60 minute in 60ºC temperature 
with stirring to coagulate the cream and release the oil then left to cool. The mixture 
was sieved again using muslin cloth to separate the oil. The oil should be dried to en-
sure prolong shelf life of the virgin coconut oil. This is done by heating the extracted 
oil until the color of oil change from turbid to water-clear color. Temperature should 
not exceed 65ºC. This oil should be filtered through muslin cloth to ensure removal 
of fine particles and getting pure oil. The collected oil stored into tightly sealed glass 
bottles.

Preparation of the experimental intracanal medicament
Different ratios of liquid and powder from egg and sea shells were mixed separately in 
a powder/liquid ratio of (1:1,1:2,1:3,1:4,1:5,1:6,2:1, 3:1,4:1,5:1 and 6:1). Mixing of 
the ingredients was performed using glass slab and spatula for 40 seconds at 23±1ºC 
and 41±5% relative humidity. Small increments of powder were added to liquid grad-
ually to ensure complete wetting of powder until powder and liquid are totally con-
sumed. The criteria for selecting this ratio was based according to the consistency of 
the tested material, the selected ratio gave paste like material and according to anti-
bacterial property which gave us the best antibacterial property. Metapex paste intra-
canal medicament was used as control in this study. A 2% titanium oxide was added 
to each powder to give radio-opacity. In whole study the egg shell powder mixed with 
coconut oil was given the name (experimental material 1) while powder of sea shell 
mixed with coconut oil was given the name (experimental material 2).

PH Measurement
Each tested material was mixed and subjected to PH measurement in addition to the 
control. Each of the experimental materials were mixed in clean glass slab and 0.1ml 
ml of each three tested materials were placed in 10ml of deionized water in screw cap 
closed vial and measurements were done by immersing the probe of the PH meter in-
side the tested material and wait until reading become stable (Figure 3). Each reading 
was repeated for three times and the mean of measurements was recorded. Meas-
urements were done immediately, half an hour, 1 hour, 12 hours, 24 hours, 3 days, 7 
days and 2 weeks.
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Figure 3: Enterococcus Faecalis appeared as reddish-pink colonies on 
the surface of selective media.

Microbiological study
The microbiological study was conducted under the supervision of specialist in Labora-
tory of Microbiology, Department of Dental Basic Science, College of Dentistry, Univer-
sity of Mosul. Three materials were evaluated:
1st group: Experimental material I. (Nano CaO powder prepared from egg shell with 
coconut oil).
2nd group: Experimental material II. (Nano CaO powder prepared from sea shell 
with coconut oil).
3rd group: Metapex (META BIOMED, Korea) as control.

Microbial isolation
Enterococcus Faecalis was selected for the microbiological study. The oral Enterococ-
cus Faecalis were isolated from tooth The oral Enterococcus Faecalis were isolated 
from premolars during primary root canal treatment with periapical lesion by insert-
ing a sterilized stainless steel reamer (Dentsply Maillefer, Ballaigues, Switzerland) into 
the canal with slight instrumentation of canal and inserting the reamer into sterilized 
screw capped vial containing 5 ml brain heart infusion broth (BHI, Lab M,UK) and 
vortexed for 20 second to disperse the adhering bacteria and incubated for 15 min-
utes at 37ºC. Using sterilized cotton swab a loop full of this suspension was streaked 
into the surface of Enterococcus Faecalis selective media (Himedia, India); media was 
incubated at 37ºC for 24 hours. Enterococcus Faecalis is the only microorganism that 
grows in the Enterococcus Faecalis selective media which appeared as reddish-pink 
colonies on the surface of media (Figure 3). The culture was examined microscopically 
(Olympus, Japan) by selecting random colonies and making smear slide using Gram 
stain technique which appeared as reddish pink chained cocci. A single colony was 
transferred into brain heart infusion broth BHI broth (BHI, Lab M, UK) and incubated 
(Electro. Mag, Turkey) at 37°C for 24 hours. and further identifications were done by 
Gram›s stain and colony morphology. McFarland 2 turbidity tubes were used to pre-
pare suspensions of the strains at approximately 6×108 organisms/ml. 
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Measurement of direct contact inhibition zone
Preparation of discs
Fifty discs of 6mm in diameter were prepared from filtering paper using paper plung-
er, discs were sterilized using autoclave (Hirayama MFG, CORP, Japan). Two materials 
were mixed under aseptic condition; nano powder from sea shell with coconut oil and 
nano powder from egg shell with coconut oil. Using disposable insulin syringe, 10µl of 
each material and control (Metapex) were placed on a sterile glass slab under aseptic 
condition and in each material a disc was immersed for 10 minutes, during that time, 
ten plates of Enterococcus agar media were utilized, on each plate 100µl of inoculated 
broth was spread using sterilized swab. Two discs of each tested material and one 
from control were placed on the surface of the media with gentle adaptation using 
sterilized tweezers (Derfla, Germany) (Figure 4A) and incubated for 24 hours at 37ºC. 
After the end of incubation period, inhibition zones surrounding tested materials and 
control were measured using a digital Caliper Accuracy 0.01mm (GeprufteSicherheit, 
Germany) as shown in (Figure 4B). Three measurements of the diameter of inhibition 
zone at different points was evaluated and the mean of these three measurements 
was recorded. The data were subjected to One Way ANOVA Test for evaluation of inhi-
bition zone for each type of material, Duncan›s Multiple Range Test used to compare 
the results.

Figure 4: A. Placement of discs before incubation. Left: Two discs experimental 
materials I (Ex. M.1). Right: Two discs experimental material II (Ex. M.2). 

Middle: One disc control (C). B. Discs of the tested materials
 surrounded by the inhibition zone.
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Results
PH Measurements
The mean of pH measurements of the two experimental materials and control 
(Metapex) are listed in table (1).

Table (1): The pH of different materials at different periods.

All the tested materials showed gradual increase in pH with time until reached highest 
pH at period of 1 week. The experimental material 1 showed immediately highest pH 
value at zero hour periods. Experimental material 2 showed lowest pH values at pe-
riod of 2 week.

Antibacterial
The mean and standard deviations of the diameter of the inhibition zone of the bac-
terial growth of the experimental material I and II and control are revealed in (Table 
2). Results showed that the experimental material I and II have higher mean values 
compared to the control. The diameter of the inhibition zone was measured in mm 
which is represented in Figure 4. The control in the middle showed the least size of 
inhibition zone against faecalis strain compared to experimental materials. The statis-
tical analysis showed that there was statistically no significant difference between the 
diameter of inhibition zones induced by the two experimental materials but both pro-
vided significantly higher zone compared to control at P <0.001 (Table 3 and Table 4).

Table 2: Shows the diameter of inhibition zone of tested materials on bacterial growth.
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Table 3: One Way ANOVA test of the inhibition zones produced by tested materials 
on bacterial growth.

Table 4: Duncan,s Multiple Range tests show the effect of tested 
material against the bacterial.

Discussion
In this study the antibacterial activity of the experimental intracanal medicaments 
was evaluated because the anti-bacterial action is a principle requirement for efficient 
intracanal medicaments.
Direct contact inhibition zone is usually used to evaluate the antimicrobial action of 
dental materials. This method allows evaluation of the antimicrobial properties of dif-
ferent substances (cements, intracanal medications, and irrigating solutions) against 
a large number of microbial strains, at various concentrations (Hasan et al, 2009). 
Enterococcus faecalis was selected as the microorganism in this study because many 
previous studies showed that it is the main pathogen that are responsible for post en-
dodontic treatment failure due its presence in endodontically treated teeth with apical 
periodontitis (Portenier et al, 2003). Studies also showed that E .Faecalis can persist 
in root canal even in very difficult environment due to its ability to resist several an-
tibiotics, irrigations, intracanal medicaments and elevated alkaline atmosphere. In 
addition, it can penetrate deeply into dentinal tubules (Molander and Dahlén, 2003). 
Although the first introduction of CaO as a root canal filling material was in 1952 as a 
root canal filling material, but inadequate investigations has been performed regard-
ing its properties. In this study we prepared two recent CaO based intra canal me-
dicaments by utilizing nano powder of CaO with coconuts oil all extracted from natural 
materials. The prepared experimental materials showed a larger inhibition zone of 



 VOLUME 6, Issue 1, 2019
25

Iraqi Division of the IADR

ISSN 2310-6417

Dr.Ashraf S. Al-Chalabi.. et al

bacterial growth compared to control (Metapex) which might be attributed to a num-
ber of factors. The common method for the production of nanoparticles is frequently 
expensive and usually utilizes chemicals that are potentially harmful to the human 
body and environment. In this study the nanoparticles (NPs) powder was produced 
from low cost natural products in an easy, fast and without any harmful effects. The 
prepared powder particles size ranged between 1-100nm when examined under SEM 
which is considered nanomaterial according to Kishen, (2015). NPs nanoparticles with 
active molecules and nano-sized particles are capable to eliminate resistant bacteria, 
since they have the benefit of a huge surface area to mass ratio due to too small sizes 
and also very good reactivity (Lins et al, 2013). The bacterial cell wall has a nega-
tive charge while the nanoparticles of the prepared CaO powder have positive charge 
which will lead to electrostatic interaction between the different charges and lead to 
accumulation of the NPs in the bacterial cell membrane and disruption of permeability 
of this membrane and further bacterial elimination (Salata, 2004). These nanoparti-
cles can have penetrated deep into the dentinal tubules to eliminate bacterial strains 
that persist inside dentinal tubules and cannot be reached by normally sized parti-
cles intracanal medicaments. Furthermore, the powder of the prepared experimental 
materials has many mineral oxides which have antimicrobial activity against differ-
ent types of bacteria. Previous study on the antibacterial activities of metallic oxide 
powders revealed that the antibacterial activity of CaO was higher than MgO and ZnO 
(Sawai, 2003). Both egg shells and seashells contain large amounts of CaO that are 
capable of eliminating microbes inside root canals with aids of other mineral oxides 
present. The coconut oil that is mixed with prepared experimental powders contain 
C12 (lauric acid) in high concentration, which is considered the most bacterial inhibi-
tory saturated fatty that is present, it may enhance the effect of the NPs and the 
mineral oxides of the powder to eliminate microorganisms. Therefore, in the present 
study the bacterial inhibition zones of the experimental material were significantly 
greater than that of the control (Metapex) due to the synergistic antibacterial effect 
from CaO and coconut oil. These differences in the results could be attributed to the 
size of the molecules of the prepared powder (Nano particles), the presence of high 
concentration of calcium and other minerals, the ability of the material to diffuse the 
aqueous agar medium and the presence of coconut oil which is a natural antibacterial 
agent. All these combined bacterial inhibitory factors make the experimental materi-
als a good substitute for an intracanal medicaments. 

Conclusion
CaO powder prepared from locally available, low cost materials (egg shell and sea-
shell) are very effective antibacterial agent specially when mixed with pure coconut 
oil. The powder of the experimental intracanal medicament can be prepared in a nano 
particles size in a fast, easy and low-cost procedure. Although the two experimental 
materials were prepared from two raw materials with difference in minerals, they dis-
played similar bacterial inhibition activity. Further studies are required such as (bio-
compatibility, remnants amount after application and effect on smear layer and apical 
seal) to evaluate the experimental materials before its being used as an intracanal 
medicaments. 
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Abstract
Background The ability to measure and describe changes in the mechanical proper-
ties of ceramics due to various thermal handling protocols will provide a better under-
standing of the mechanical performance and application of dental ceramic materials. 
Objectives To evaluate and compare the fracture toughness of two types of all-ce-
ramic restoration (Zirconia and IPS e. max (Lithium disilicate) CAD) after repeated fir-
ing. Materials and Methods Sixty all ceramic samples (in final dimensions of 18 mm 
Length, 4 mm Width, and 3 mm Thickness) were prepared and divided into two main 
groups according to the used materials; Group (Z) for Zirconia and Group (E) for IPS 
e. max CAD. Each main group subdivided into three subgroups according to firing cy-
cles. The (Z) group subdivided into ZF3, ZF5 and ZF7; And group (E ) also subdivided 
into EF3, EF5 and EF7 for three, five and seven firing cycles respectively. Then, the 
samples were subjected to the indentation strength using a Micro-Vickers Hardness 
Tester device. After completing of the firing process, the samples were subjected to 
the fracture toughness test for each specimen. Scanning electron microscope (SEM) 
images were taken for one random specimen for each subgroup. Results The data 
showed the highest fracture toughness were obtained with EF5 and the lowest frac-
ture toughness with ZF7 and the P-value of (P≤ 0.05). LSD test done and revealed a 
highly significant difference between the groups. Conclusion generally, E. Max. CAD 
material may verify best results of fracture toughness test compared with Zirconia 
material after repeated firing cycles.

Keywords Fracture toughness, E. max CAD, Zirconia, Repeated fir-
ing, Manual milling.

Introduction
With growing awareness of esthetics and biocompatibility, patients increasingly re-
quest metal-free solutions (Reich et al., 2005). Due to the successful use of all-
ceramic crowns both in the anterior and posterior segments (Pröbster et al., 1997, 
Fradeani et al., 2005), and with the introduction of advanced dental technology and 
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high-strength ceramic materials, all-ceramic systems may become a viable treatment 
option even for extended fixed partial dentures (FPDs). Such restorative all-ceramic 
systems must fulfill biomechanical requirements and provide longevity similar to met-
al-ceramic restorations (Denry, 1996, Derand et al., 2005) while providing enhanced 
esthetics (Raigrodski and Chiche, 2001).  Many ceramic systems, which may differ in 
composition or fabrication technique, are available. Two of the clinically well-spread 
materials are the lithium disilicate and zirconia-based systems. They can be fabricated 
from prefabricated blocks, which are milled with a computer-aided design/computer-
aided manufacturing (CAD/CAM) system (Raigrodski, 2004).  Zirconia ceramics have 
been extensively studied because of their excellent mechanical properties, which are 
much greater compared with those of other dental ceramics (Aboushelib et al., 2007). 
Nowadays, a high strength zirconia used in fixed partial denture even in load-bearing 
area (Komine et al., 2005, KARATASLI et al., 2011), which is present in either partially 
sintered or fully sintered zirconia and it seems stronger than other types of ceramic 
(Subasi et al., 2012). Zirconia came in different sizes and shapes according to the 
type of restoration and the number of units to be milled (Parker, 2007). Lithium disili-
cate is a glassy ceramic that has 70% crystalline phase, and consists of quartz, lith-
ium dioxide, phosphor oxide, alumina, potassium oxide and other components. This 
claim to have optimum esthetics, natural light refraction, high fracture toughness and 
high flexural strength in the range of 360-400 MPa (Alqahtani, 2016).  Surface flaws 
and defects which may develop as a result of thermal, chemical or mechanical pro-
cesses (Albakry et al., 2003). 
As mechanical failure is always associated with a crack-initiation/crack-propagation 
process, fracture toughness values could be useful in comparing different ceramics 
and possibly predicting clinical performance (Alkadi and Ruse, 2016). Fracture tough-
ness, defined as the resistance to fast crack propagation at a critical stress level, is 
widely used for mechanical characterization of dental ceramics (Azevedo, 2011, Wang 
et al., 2014).It has been demonstrated that the microstructure, and consequently 
the mechanical properties of a glass ceramic can be modified by varying the thermal 
treatment to which it is submitted (Milleding et al., 2002). Thus the effects of firing 
times, temperatures and cooling rate during the fabrication process should not be ig-
nored (Tang et al., 2012). To achieve improved contour, color, and aesthetics, multiple 
firing procedures are necessary for the fabrication of all-ceramic restorations, espe-
cially when using the standard layering technique to match the esthetics of natural 
dentition (Rayyan, 2014).

Materials and Methods:

Samples preparation
Sixty bar all-ceramic sample of (18 mm length, 4 mm width, and 3 mm thickness) 
were prepared according to the ISO standardization 6872:2008 (ISO, 2008). Figure 
(1) shows the prepared all-ceramic specimen dimensions for fracture toughness test.
Manual milling was accomplished in the fabrication of requested samples. The sam-
ples were grouped according to materials used, Zirconia (HT, VITA Zahnfabrik, Ger-
many) for (Z) group and IPS e. max CAD (Ivoclar/Vivadent, Liechtenstein, Germany) 
for (E)  group as shown in Figure 2 (A and B). After the preparation of the bar shaped 
sample, all specimens were polished with rubber disc burs (Renfert-GmbH, Germany) 
to the final dimensions. Finally, the specimens were cleaned completely from any 
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remaining dust and any trace of fingerprint with 70% ethyl alcohol, acetone and dis-
tilled water for (10) minutes by using a digital ultrasonic cleaner and then dried with a 
clean tissue (Tarib et al., 2016).

Samples grouping 
The total sixty all-ceramic sample (zirconia and e. max CAD) that prepared for this 
study were grouped according to the used materials into two main groups, Zirconia 
and IPS e. max CAD. Then, the sample sub-grouped according to the number of fir-
ing cycles into three, five and seven firing cycles. Each main group composed of thirty 
specimens (n=10) and symbolized as (Z) for Zirconia and as (E) for IPS e. max CAD. 
According to the firing cycles, group (Z) is sub-divided into ZF3, ZF5 and ZF7, and 
group (E) sub-divided into EF3, EF5 and EF7 for three, five and seven firing cycles 
respectively.
   
Experimental procedure 
Indentation strength test was performed using a Micro-Vickers Hardness Tester device 
(TH714, South Korean).  Each specimen was placed on the stage of the device under 
the indenter at a distance of 2-3 mm. Following the instructions provided with the 
device by adjusting its stage horizontally. The Vickers indenter was then descended, 
at a low speed, till it touched the polished surface of (IPS e. max CAD and Zirconia) 
specimen. The fracture toughness was determined by indentation technique. One in-
dentation was made on each sample with a load of 9.8 N for 20 sec. (Scherrer et al., 
1998). After that time period, the load was automatically relived by the device. Crack 
resulting from the Vickers indentation were measured immediately to avoid slow 
crack growth, The images of the cracks were taken with a digital video camera model 
(TH714, South Korean) coupled to the hardness tester (Domingues et al., 2016). In 
firing cycles, all specimens were subjected to the heat treatments in a ceramic fur-
nace (P3000, Ivoclar Vivadent, Schaan, Liechtenstein, Germany). The specimens were 
fired  for 3, 5, and 7 times for each main group material (Milmine, 2014). For surface 
topography, a scanning electron microscopy (SEM) was used. One specimen was cho-
sen randomly from each main group before heat treatment and one from each sub-
divided groups after the firing process. All the chosen specimens were attached to the 
aluminum holder in a plasma gold-coating device for painting their surface with pure 
gold for imaging procedure, and the size of particles were of (20 nm). Finally, the 
fracture toughness test was accomplished using the Instron testing machine (China), 
and the applied test was performed with a crosshead speed of 0.5 mm/min. Due to 
the small size of the all-ceramic specimen, a holder for testing apparatus was fabri-
cated to minimize the error raise during the testing procedure.
The bars of all-ceramic specimens (Zirconia and E. max CAD) subjected to fracture 
toughness test by exerting tensile stress on the indented surfaces until fracture. All 
the specimens were placed symmetrically on the fixtures where the loading pin in the 
center of the crack that made. The fracture toughness was calculated using the fol-
lowing formula adopted by Anstis et al, 1981 (Anstis et al., 1981) (Chantikul et al., 
1981).

KIC= 0.016 (E/H)1/2 (P/C)3/2 were: - 
KIC= Fracture toughness (MPa.m1/2).
0.016 is a material-independent constant.
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E= Modulus of elasticity of the tested material (GPa). 
H= Vickers Hardness (GPa). 
P= Indentation load (N). 
C= Crack length (m) (measured from the middle of the vickers indentation).
Finally, the mean KIC values were calculated for each experimental group and were 
tested for statistical significance.

Statistical Analysis 
The study data were analysed using SPSS (V-22). The statistics of descriptive data 
analysis was used with a significant P-value of (P≤ 0.05) and a confidence level of 
(95%). Also, inferential data analysis of LSD test was used.

Results
In the table (1) and Figure (3), results show that in the zirconia group a ZF3 sub-
group accounted the highly level of fracture toughness, followed by ZF5, and finally 
the ZF7 which recorded the lowest mean value comparing with the other groups. 
While for e-max group, the subgroup of EF5 recorded the highest value in fracture 
toughness, followed by EF3, and then EF7 which recorded the lowest mean value of 
fracture toughness in e-max group. Also the results show that e-max group recorded 
the highest mean value compared with Zirconia group after repeated firing cycles.

Table 1: Probable Pairs wised comparisons using (LSD) test among studied groups for (Frac-
ture Toughness test).
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Figure 1: The prepared all-ceramic sample dimensions.

Figure 2: Material used in this study: A- Zirconia block, B- IPS e. max CAD blocks.

Figure 3: Mean values for Fracture Toughness test distributed in different groups.
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Figure 4: SEM image for both materials: A- Zirconia without firing. B- Zirconia with 3 cycles 
of firing  C- IPS e. max CAD without firing. D- IPS e. max CAD with 3 cycles of firing.

Discussion
The purpose of our study was to evaluate the effect of multiple firings on the frac-
ture toughness of the zirconia and e. max CAD restoration. The results of the present 
study support the null hypothesis that there are significant differences in the fracture 
toughness between the zirconia and e. max CAD restoration after repeated firings. 
All ceramic materials have proven to be the fastest growing product category. In the 
early 1990s, the introduction of zirconia as a dental material has generated consider-
able interest in the dental community. Since then, zirconia has been widely used to 
build restorations because of its good chemical properties, dimensional stability, high 
mechanical strength, toughness, and young›s modulus which similar to that of stain-
less steel alloy (Guazzato et al., 2004, Chevalier and Gremillard, 2009).

Zirconia Restoration Group (Z) 
In the current study findings, the mean of the fracture toughness after three firing 
cycles of zirconia sub-group (ZF3) is about 3.148 Mpa, with five firing cycles (ZF5) of 
2.245 Mpa. On the other hand, that of the seven firing cycles (ZF7) was 1.598 Mpa. 
The fracture toughness of zirconia with three firing cycles was higher than that of zir-
conia with five and seven firing cycles. This may be due to the density of tested mate-
rials that increased may be due to the number of crystals increased, and the porosity 
decreased may be due to the high crystallinity lead to interlocking of microstructure 
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of these ceramics so the porosity will be decreased. There for the crack decreased as 
shown in SEM images Figure 4 (A and B). The results of  this study findings may in 
agreement with (Tang et al., 2012) that concluded that there were no major effects 
found in fracture toughness after repeated firing.

IPS e. max CAD Restoration Group (E)
In these group findings, the mean of the fracture toughness after five firing cycles 
(EF5) was of 4.441 Mpa, and after three firing cycles (EF3) was of 3.875 Mpa. While 
after seven firing cycles was of (EF7) 3.358 Mpa. A highly significant difference in 
fracture toughness was noticed between the IPS e. max CAD subgroups. The fracture 
toughness of e. max CAD with five firing cycles was higher than that of three and 
seven firing cycles. This increased variability of fracture toughness results at EF5 may 
be related to the capacity of some material for being disturbed by repeated firing cy-
cles. A possible cause is the depletion of the glass phase by crystallite growth, as it is 
a crystal of a very similar stoichiometry, depleting the glass phase (Milmine, 2014).
As the glass phase has CTE higher than that of crystal phase, this may put the glass 
in tension (Watts and Satterthwaite, 2008), which along with a possible increase in 
CTE of glass phase may set up a critical residual stress in glass phase resulting in the 
observed increased variation of mechanical testing results (Fracture toughness) as 
shown in SEM images Figure (4)C and D. The current findings may  show an agree-
ment with (Milmine, 2014), they found that there was no change in measured frac-
ture toughness of IPS e. max CAD ceramic under experimental conditions, however, 
the coefficient of variation increase for fracture toughness more variability after five 
cycles possibly increasing the likelihood of premature failures. 

Comparing between Zirconia (Z) and IPS e. max CAD (E) restorations
According to the results of this study, it could be concluded that E. Max. CAD mate-
rial has recorded the highest fracture toughness value compared with that of Zirconia 
material. This is probably due to the IPS e. max CAD porosities which smaller than in 
a competitor’s products. The effect of material porosity could cause stress concentra-
tion and strength-limiting fractures, and this also appear to be minimal since there 
are almost no porosities when viewed under SEM at the 100 µm level (Albakry et al., 
2003). In addition, during the manufacturer procedures of IPS e. max CAD, the ce-
ramic may undergo a number of phase changes. Initially, the material is a transpar-
ent glass that consequently undergoes crystallization into a blue coloured metasilicate 
phase before the final firing cycle transforms the crystals into a tooth colored disili-
cate ceramic phase. Following the final crystallization firing, it is approximately 70% 
crystal and 30% glass phase (Watts and Satterthwaite, 2008).  
 To counter this, they achieved a coarser and stronger microstructure by increasing 
the nucleation temperature from 650 oC to 700 
C for the precursor metasilicate crystal. Thus the microstructure appears to affect the 
strength. This findings  could in agreement with (Milmine, 2014) who reported that 
the high strength and toughness is a result of the high crystallinity and interlock-
ing microstructure of these ceramics. However, the Zirconia restoration material has 
lower fracture toughness due to larger porosities than IPS e. max CAD, and the in-
crease in the hardness. Also with the increase in the number of firings, although no 
observable difference was found in crystallization in the zirconia material. This might 
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agree with (Tang et al., 2012) that concluded that there were no major effects found 
in fracture toughness after repeated firing.

Conclusion
Within the limitations of this study, it could be concluded that 
1-E. Max. CAD material has higher fracture toughness compared with Zirconia mate-
rial after repeated firing cycles.
2-The IPS e. max CAD with five firing cycles has the best fracture toughness than that 
of three and seven firing cycles. 
3-The Zirconia with three firing cycles has the best fracture toughness than that of 
five and seven firing cycles.
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Abstract  
Background The approximate life span of a silicone maxillofacial prosthesis is as 
short as after 4-14 months of usage, then a new prosthesis should be fabricated. But 
now many researchers have been directed toward improvement of properties silicone 
elastomeric materials. The objective of this study is to evaluate the effect of aging on 
tensile strength of two types of silicone materials used in the maxillofacial prostheses 
(VST-30 and VST-06) after artificial weathering for 100, 200 and 300 hours, and then 
comparing between the two selected materials in terms of selected artificial weather-
ing periods. Material and methods a sample of 160 specimens were prepared and 
divided into two main groups according to the types of elastomeric silicone (VST-30 
and VST-06). Then each group subdivided into 8 divisions, (n=10). Two groups, one 
for clear and one pigmented as control groups before experimental weathering .While 
the experimental groups divided into clear and pigmented groups treated with artifi-
cial weathering for 100, 200 and 300 h. Results after different weathering cycles the 
results show that there was no significant difference in the tensile strength for VST-30 
silicone material pigment before and after weathering. While there was a highly signif-
icant difference in the tensile strength for VST-06 pigmented silicone before and after 
weathering. Both VST-30 and VST-06 non-pigmented groups showed a highly signifi-
cant change in the tensile strength after different weathering cycles. Conclusions 
the superior type for mechanical properties after difference cycles weathering was for 
VST-30 and incorporation of rayon flocking prevents the silicone materials from rapid 
degradation under artificial weathering and this may lead to increase in the service 
life of silicone prosthesis.

Keywords: Rayon flocking, VST-30 silicone, VST-06 silicone, room 
temperature, mechanical properties.

Introduction
Barnhart in 1960 firstly fabricated maxillofacial prosthesis and introduce silicone elas-
tomer (Barnhart, 1960), since then become widely used as the material of choice 
for its chemical inertness, stability, ease of manipulation, biocompatibility and visual 
transparency which eases the pigmentation of silicone for simulating skin quality (Aziz 
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et al, 2003, Rahman et al, 2019). Increasing numbers of maxillofacial deformity cases 
were reported in Iraq that are related to non-fatal damages caused by explosive de-
vices, which now comprise 30% of all injuries (Lew et al, 2010, Shakir and Abdul-
Ameer, 2018). Color degradation and mechanical properties are the most common 
reason for maxillofacial prostheses fabrication (Begum et al, 2011, Kantola, 2014). 
The mechanical properties of a silicone elastomer are dependent on many factors 
including the molecular weight of polymer chains, incorporation of filler and cross-link 
density (Bellamy et al, 2003, Nallaswamy, 2017). There are different types of pig-
ments available on the market to stain facial prostheses which have different effects 
on material properties (Haug et al, 1999, Guiotti et al, 2016, Ding and Wolf, 2018). 
Pigments used for prostheses coloration are classified as extrinsic and intrinsic pig-
ments. In comparison to extrinsic pigmentation, the intrinsic pigmentation method is 
the necessary color and translucency with less susceptible for handling and environ-
mental status, while it is more probable to influence the mixture characteristics (Bel-
lamy et al, 2003, Han et al, 2010). In order to transfer the material from a liquid to a 
rubber during processing, additives can incorporated into the compound such as col-
orants, antioxidants, fillers and cross-linking agents. Silicone resistance to heat and 
degradation during exposure to ultraviolet light is also related to the cross links be-
tween the long polymer chains (Zardawi, 2013, Smitha and Savitha, 2017). 

Materials and methods
Materials used in this study were VST-30 Versiltal RTV silicone elastomer, VST-06 Plat-
inum silicone elastomer and rayon flocking coloring powder (tan, flesh, and yellow) 
(Factor II Inc., Lakeside, USA). One hundred and sixty specimens were prepared and 
divided into two main groups according to the types of elastomeric silicone. The first 
group consisted of 80 specimens and prepared using VST-30 silicone, and the second 
consisted also of 80 specimens but prepared using VST-06 silicone. As the specimens 
under tensile test undergo plastic deformation, each main group divided into 8 sub-
groups, (n=10) and presented as follow, G1: clear silicone before weathering treat-
ment and G2: pigmented silicone before weathering treatment as a control groups; 
while the experimental groups subdivided into G3: clear silicone after weathering 
treatment for 100 h; G4: pigmented silicone after weathering treatment for 100 h; 
G5: clear silicone after weathering treatment for 200 h; G6: pigmented silicone after 
weathering treatment for 200 h; and finally G7: clear silicone after weathering treat-
ment for 300 h; and G8: pigmented silicone after weathering treatment for 300 h.

Molds preparation 
Acrylic molds were prepared using laser cutting machine after being designed by 
(Auto CAD 2015) computer software (Yeh, 2014). The mold was composed of the 
three parts, template, base and cover lid of the acrylic mold.

Specimen treatment with pigments
In the current study, two types of silicone platinum RTV. VST-30 and VST-06 (Factor 
II Inc., USA) platinum catalyzed, vinyl terminated RTV silicone were used. Accord-
ing to the manufacturer›s instruction, the mixing ratio was of 10:1 base to catalyst 
by weighting for both non-pigment and pigment groups. In this study, two groups of 
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specimens were fabricated. The first group was the non-pigmented groups consist of 
80 specimens, which are fabricated by mixing 40g of silicone base and 4g of silicone 
catalyst without adding any pigments. The electronic digital balance was used for 
weighing the material and vacuum mixer was used for mixing the materials, with a 
speed of 360 rpm, and under mechanical vacuum mixer at pressure of (-10) bar. This 
was according to the pilot study which depended also on ISO standardization (ISO, 
2011). The resulted homogenous silicone mixture poured into the molds and tight-
ened by the screws and 4-G-clamps. The setting time of the experimental materials 
was according to manufacturers with 30 minutes for VST-30, and 16 hours for VST-
06. The second group was the pigmented group which consists of also 80 specimens 
which was prepared by mixing of 39.35g/39.35g base to catalyst ratio and adding 
rayon flocking intrinsic pigmented mixture of powders of 0.3g (tan); 0.3g (flesh); and 
0.05g (yellow) together. To achieve this mixing ratio for pigment groups, the following 
formula was applied: Base weight - pigment weight = Base weight (for the pigment 
groups). Base weight (for pigment groups)/ 10 = catalyst weight. The catalyst drops 
were dispensed in different place and not in the center only, to aid in gaining homo-
geneity rapidly while the glass beaker was on the digital scale (ISO, 2011, Hatamleh 
et al, 2011, Yatsuyanagi et al, 2001). The mixture was mixed under vacuum for 5 
minute (Tukmachi and Moudhaffer, 2017). Pouring of the material was achieved at a 
controlled temperature of (25°C) and 50±10% RH as recommended by the manufac-
turer standards (Guiotti 2016: ASTM, 2013). Before closing the mold, the mold cover 
was coated with petroleum jelly oil and hex nuts are prepared and screws are inserted 
in each hole at the corner of the mold. Then silicone mixture is poured gradually to 
minimize the air bubbles. When pouring was finished, air bubbles on the surface were 
broken-up by using a fine needle. (Hatamleh et al, 2011, Zayed et al, 2014). After 
that the mold was stored away from light at room temperature of 25°C for 30 mins 
for VST-30 and for 16 hrs for VST-06 to complete the vulcanization of the RTV silicone 
and according to manufacturer›s instruction.

Figure 1: Vacuum Mixer.
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During specimen preparation, the control of air bubbles by vacuum mixture was by 
mixing a little amount of› silicone, mixing the base and catalyst in one direction (Tuk-
machi and Moudhaffer, 2017, NEW), using of fine needle and applications of 1 kg 
weight on the mold covers and then wait for 1 min to get rid of the remaining air bub-
bles (Abdullah, 2016). 

Finishing and Storage of samples 
After complete set of the silicone, all specimens were removed carefully from the 
molds. Care was taken during removal of the specimens from the molds to mark the 
tensile strength without strain. Any flash and excess was removed with a scalpel and 
sharp surgical blade no 11, (Maxwell et al, 2003). Specimen that had visible defects 
was discarded, in addition checking thickness by measure of digital caliper (Zayed et 
al, 2014, Pinheiro et al, 2014, Al-Harbi et al, 2015). The Specimens were stored in a 
lightproof box in an air-conditioned room. During storage, temperature was 25°C, RH 
controlled to not excess 80%, the samples were stored in sealed bags and care was 
taken not to place specimens over each other (Liu et al, 2015, Brown, 2006) .

Aging procedure 
The study experimental procedures were accomplished with artificial accelerated 
weathering using UV exposure. Weather-Ometer device (QUV) promote the same con-
dition of outdoor weathering but in accelerated way, so many hours in device chamber 
simulate many days in outdoor weathering according to the site of study. The weath-
ering standardization used in this study is ASTM (G154) which is the most popular ac-
celerated weathering. According to cycle 7 of ASTM G154 the samples exposed to 25 
cycles. The first 8 hours (light cycle) included irradiance of (340 nm) of (1.55 W/m2) 
and temperature of 60 (±3°C). The following 4 hours representing dark cycle included 
irradiance of (340 nm) of 1.55 W/m2 for 15 minutes with water spray system to in-
duce thermal shock, and finally the specimens were exposed to artificial weathering 
tested after 100, 200 and 300 hrs and compared with that groups were tested before 
artificial weathering. The artificial weathering equivalent nearly to 3, 6 and 9 months 
of respectively clinical use taking into consideration the climatic conditions in Baghdad 
city (Al-Douri et al, 2016, Al-Riahi and Al-Kayssi, 1998).

Figure 2: Weather-Ometer device (QUV).
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Testing procedure for tensile strength property
Test was conducted according to (ISO, 2011). Dumbbell-shaped specimens were 
prepared. The thickness measurements were made at the center and at each end 
of the narrow portion of the test specimens (testing of the length) by using a Ver-
nier caliper with digital read out. The average of the three measurements was taken. 
Tensile strength testing procedure was conducted using a computer controlled uni-
versal testing machine. The specimen was clamped by the jag grips of the machine 
symmetrically to distribute the tension equally over the cross-section. The speed of 
stretching of specimen was of 50 mm/min and the maximum stretching force at break 
was recorded by computer programmatic software. Any specimen that broke outside 
the narrow portion was discarded and a repeated test was conducted on an additional 
specimen, the final tensile strength was calculated from the maximum stretching 
force at break divided by the original cross sectional area of the specimen (width × 
thickness of the narrow portion) using the following formula: 
Tensile strength=F/A where: F: the force recorded at fracture in Newton, A = W×T, 
W= the width of narrow portion of the specimen in millimeters and T= thickness of 
narrow portion of the specimen in millimeters.

Statistical Analysis
The following data statistically analyzed using SPSS (V-20). Descriptive and Infer-
ential data analysis were used to accept or rejected the statistical hypotheses. This 
included the one-way ANOVA (analysis of variance) for a quantitative dependent vari-
able by a single factor independent variable and LSD test for examining the differenc-
es between each groups significant on P-value (p≤ 0.05) and confidence level of 95%.

Figure 3: Specimen under 
tensile test.
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Results 
There was statistically a highly significant difference in the tensile strength in compar-
ison between both types of silicone materials, the clear and the pigmented for both 
VST-06 and VST-30 and with the entire weathering treatment periods, P-value (p≤ 
0.01) as shown in figures (4), (5) and tables (1), (2).

Figure 4: Mean values and standard deviation of tensile strength test 
for all study clear groups of VST-30 and VST-06.

Figure 5: Mean values and standard deviation of tensile strength test for all study pigmented 
groups of VST-30 and VST-06.
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Table 1: LSD of the tensile strength comparison between the two types of non-pig-
mented VST-30 and VST-06 silicones after weathering aging.

Table 2: LSD of the tensile strength comparison between the two types of pigmented 
VST-30 and VST-06 silicones after weathering aging.
 

Discussion
The mechanical properties of clear silicones may only reported by the manufacturers 
without pigmented fillers or additives and this is seem not in a real representation of 
silicones at clinical performance when it used for extra-oral prosthesis. In the current 
study the mean value of tensile property in comparison with the control group. The 
increase in tensile strength mean value after rayon flocking incorporation may be due 
to stress  transitions  from the weaker  resin matrix  to  the much  stronger  fibers 
and  the effective restraining of the matrix by fibers, which led to obstructing of the 
growing crack (Abdullah, 2016) . In the current study, the pigmented specimens were 
exposed to 100, 200 and 300 hours of artificial weathering equal nearly to 3, 6 and 
9 months of clinical use, taking into consideration the climatic conditions in Baghdad 
city (Al-Douri et al, 2016, Al-Riahi and Al-Kayssi, 1998). The reinforcement depends 
to a large extent on the polymer properties, filler characteristics particle size or spe-
cific surface area structure and surface activity, filler loading ratio or percentage and 
processing conditions (Brown, 2006, Al-Douri et al, 2016). The results from this study 
indicate that incorporation of rayon flocking pigmented powders into a maxillofacial 
silicone may improve the tensile strength, this can be explained by the ability of the 
polymer to dissipate the strain energy near the tip of the growing crack. It also could 
be explained by two other theories. The first is the decrement in the tensile strength 
which may be due to photo oxidative effect of the artificial weathering. The free radi-
cal formation and reaction of these radicals with each other led to further cross link-
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ing, this lead to polymer structural modification and changing in the molecular weight 
distribution and the producing of volatile degradation products (Guiotti et al, 2016, 
Pinheiro et al, 2014). The second is with the time and accelerated UV light. The cross-
linking of polymers will continue and increase, the associated with the more volatile 
decomposing from catalyst produces denser elastomer. Silicone when exposed to high 
energy of irradiation undergo cross linking, this cross linking was too high level that 
resulted in degradation of silicone in physical and mechanical properties and become 
brittle and inelastic  and easily deformed with lower forces (Hatamleh et al, 2011). 
Pinheiro et al. believed that the elevated temperature reduces the strength of the 
polymers and increases the stiffness (Pinheiro et al, 2014). The results were in disa-
greement with Al-Harbi et al, 2015, who found that the tensile strength is not affected 
by outdoor weathering on A-2186 maxillofacial silicone and  this  may  be  due  to  dif-
ferent filler and different weathering environment (Al-Harbi et al, 2015). The results 
also in accordance  with Zardawi who studied the effect of different natural condition 
and artificial weathering condition on mechanical  properties  of silicone  polymer (SP) 
and 3D starch printed infiltrated silicone polymer (SPIS) (Zardawi, 2013). The result 
showed significant decrease in tensile strength after artificial weathering for both ma-
terials. The results of this study are partially agreed with Hatamleh et al. who found 
that there was little degradation with tensile strength of TechSil S25 maxillofacial 
silicone after 360 hours of artificial daylight aging and severe degradation with mixed 
artificial aging and sebum storage for 360 hrs (Hatamleh et al, 2011).This partially 
agreement could be due to different artificial aging cycle and presence of the sebum. 
Results are in agreement with Haug et al. who found that there was a non-significant 
difference in tensile strength with the addition of flocking to Silicone A-2186 or Silas-
tic 4-4210 silicones (Haug et al, 1999) with VST-30 . On the other hand, the results 
disagree with (Haug et al, 1999) because the tensile strength of a silicone was de-
creased significantly by the addition of pigment with VST-06.
Conclusions It has been concluded that the superior type of silicone for the tensile 
strength mechanical property after difference cycles weathering was VST-30. Also the 
incorporation of rayon flocking coloring powders may tend to prevent the silicone ma-
terials from rapid degradation under artificial weathering cycles and may result in an 
increase in the service life of maxillofacial prosthesis fabricated using this silicone.
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Abstract
Lithium disilicate is the major crystal phase, and be composed of needle-resemble 
crystals. These crystals are measured from 3 to 6 µm in length. In general, E.max-
press properties are very slightly uppermost crystals found in E.max-CAD because of 
the larger and longer crystals. Due to the materials that have different firing tempera-
tures (820⁰C for E.max-press). The objective of this study is to estimate the effect of 
various thickness on the hardness of a sample  prepared by lithium disilicate glass-
ceramic material. Materials and methods Thirty disc-shaped wax patterns were 
prepared with three core thickness of (0.5mm, 1mm and 1.5mm). All the specimens 
fabricated with 10mm in diameter and designed according to the ISO specification 
6872. Vickers diamond indenter has widely utilized in this study in accordance with 
the micro-hardness tester device. Results The present data were analyzed statisti-
cally  using SPSS (V-22). One-way ANOVA and (LSD) test show that the mean val-
ues of 0.5mm core thickness was of 800(±120), while the mean value of 1mm core 
thickness was of 1229 (±139), and that of 1.5mm core thickness was 1117(±221). 
Conclusions the results showed that the lithium disilicate glass-ceramic material 
had more advanced surface hardness  at thickness of 1mm than that of 0.5mm and 
1.5mm thickness of the same materials.
 
Keywords: Glass-ceramic disc, core thickness, dental ceramic, 
lithium disilicate, microhardness.

Introduction
Dental ceramic materials are metal free and inorganic substance (Rama, 2013). It 
is fabricated by firing at high temperatures to obtain more acceptable properties. It 
consisting of oxygen, aluminum, calcium, magnesium, silicon, titanium, and zirconium 
(Dimitriadis et al, 2006). It is often named inert materials (Wassermann et al, 2006) 
(Milleding et al, 2002). The main aim of these ceramic researches and developments 
are to provide firmer and tougher ceramics that structurally dependable in dental 
usage (K, 2010). All of the properties, especially mechanical properties (hardness, 
toughness strength) are concerned with each other and affected by material fabrica-
tion (Holand, 2008). Lithium disilicate glass-ceramics seem the toughest and strong-
est among glass-ceramics available. This material have moderate fracture toughness 
of 2.5-3 MPa and flexural strength of 360-440 MPa (Ma, 2013). It is indicated for 
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anterior and posterior single crowns, for bridges anterior to second premolars and 
implant superstructures (Farid et al, 2012). There are three primary ways of indus-
trialization for all-ceramic restorations fabricated by casting or with a pressure tech-
nique, conventional sintering procedure, and various direct milling technique (Yondem 
2011). Hardness is important property in dentistry as it means the resistance to con-
stant surface penetration or indentation. It locates the amount of the impedance to 
plastic deformation and determined by a force per unit area of indentation (Albakry, 
2004). Although for wear and brittle materials, wear occurred because of fracture 
instead of plastic deformation (Denry, 2010). Ceramics described by their hardness, 
chemical inertness, refractory nature, biocompatibility (Ghose, 2014; Powers, 2012; 
Hämmerle, 2008), and susceptibility to brittle fracture (Ho GW, 2011; Lung, 2012). 
Ceramic copy-veneered fixed prosthesis have been utilized for varied implementa-
tion such as anterior and posterior restorations, the final result with this restoration 
provided strong core with the aesthetics of the veneering porcelains. Although the 
strength of the all-ceramics totally documented, data on the effect of the varying core 
thicknesses was little absent (Garber, 1999). Advanced research in dental technology 
and of modern dental materials had become more in all-ceramic systems. Some of 
the fabrication techniques are obtainable for manufacturing all-ceramic restorations 
such as heat pressing sintering, casting infiltration, and machining technique (Di-
kicier, 2017) (Cattell, 1999). Currently, lithium disilicate glass-ceramics provides rise 
strength and highly esthetic materials for CAD-CAM and pressing technologies (Lawn, 
2011). It is a pressed glass-ceramic ingot (lithium disilicate crystals). These crystals 
deny the promulgation of microcracks and take part in improving the translucency 
and esthetic of these restorations (Dickerson, 1999). The chemical basis of this sub-
stance is resembling the chemical basis of the IPSE-press [2 (2SiO2 -Li2O)] but the 
properties are changed by firing processes. Glass ceramic materials show substantial-
ly advanced physical properties and higher translucency. E.max-press appear in four 
levels of opacity HO, (High opaque), HT (High translucent), LT (Low translucent), and 
MO (Medium opaque). IPse. max lithium disilicate consist of potassium oxide, quartz, 
phosphor, lithium dioxide, oxide, alumina, and other components. This substance pro-
duces a high thermal, shock-resistant glass ceramic as a result of the low thermal ex-
pansion that done when its manufactured (Ritter and Rego, 2009), (Tysowsky, 2009).

Materials and methods
Sample preparation 
In terms of dental restoration, the procedure was accomplished using a CAD-CAM ma-
chine to be efficient and satisfying patients need. Thirty lithium disilicate glass-ceram-
ics of disc-shaped specimens were separated into three groups of 10mm in diameter 
(n =10), the first group of 0.5mm core thickness, the second of 1mm thickness, and 
the third group of 1.5mm thickness. All the groups had been designed in accordance 
to the manufacturer’s instruction. Firstly, the samples designed by sketch-up CAD 
software with STL extension and CAD-CAM producton method for wax patterns. This 
to fabricate the lithium disilicate glass-ceramics press to replace the wax patterns 
with the thickness of 0.5, 1 and 1.5mm (Mohsen, 2011). The wax sample had been 
transferred to the CAM.

Spruing and investing procedures
The wax pattern was sprued according to manufacturer›s instructions utilize a wire 
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wax sprue of 2.5 mm in diameter. The distance between the wax pattern and the 
end of the silicon ring was of 10mm and the angle between the sprue and the ring 
base was of 45˚C. The specimens then invested immediately and according to the 
manufacturer›s instruction using IPS silicon ring. A phosphate-bonded investment 
material (Bella vest SH) was used. Each 100 g of powder was mixed with 25ml of its 
special liquid, and allowed to set. After complete investing procedure and final setting, 
the investment ring was ready for preheating. The investment ring with an opening 
facing down and positioned in the preheating furnace heated at 850˚C for 60 mins. 
After the preheating cycle had been completed the investment ring was removed from 
the preheating furnace and the cold lithium disilicate glass-ceramics press ingot was 
placed into the hot investment ring. Then after final preheating cycle, the investment 
ring was removed from the furnace immediately. 

Finishing and polishing
After complete cooling,the investment ring was divested and all ceramic specimens 
were immersed in lithium disilicate glass-ceramics invex liquid. This step is impor-
tant to the proper identification and elimination of the reaction layer, which it may be 
difficult to see on the pressing step and must be completely removed to ensure an 
immaculate bond surface for veneering substance, stain, or glaze application. Also, 
they cleaned in an ultrasonic cleaner unit for 10 mins to accelerate the removal of the 
investment substance from the ceramic specimens. Each specimen was polished by 
silicon carbide sandpapers (400 - 600 -1200 grit, respectively), and then sand blasted 
with 100µm Aluminium oxide (AL2O3) at 1 bar pressure to remove the reaction layer 
completely (Riad et al, 2017). The final dimensions of the discs were of 0.5, 1, and 
1.5mm in thickness, and 10mm in diameter (Gonzaga et al, 2008). Now, the lithium 
disilicate glass-ceramic disc specimens are ready for testing as shown in figure (1). 

Figure (1): Lithium disilicate glass-ceramics press sample grouping 
at different thickness A: 0.5mm, B:1mm, C:1.5 mm.
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Testing procedure
In dental restoration, there are many researches show that the hardness value of ce-
ramic material is higher than a human being enamel and several  metal alloys. After 
that, the significance of measuring hardness in dental material is that it delineates 
the abrasiveness of a material to which the natural dentition may be submitted (Al-
bakry, 2003). A Vickers diamond pyramid indenter test was utilized for determining 
the hardness of small diameter specimen (VHN) (Midelling, 2002, Anusavice, 1996). 
The procedure involved all the requirements by the standard test method for the mi-
crohardness of dental ceramic materials. Hardness measurements were made with a 
Diriment microhardness tester (Leitz Gm bH, Wetzlar, Germany). Three indentations 
were produced for each  specimen under a load of 9.8N , a diamond indenter was 
used to provide the micro-hardness value and with the help of Vickers hardness tester 
(Chuenarrom, Benjakul et al, 2009). Once the indentations were performed, the val-
ues were obtained in the Vickers hardness number.

Statistical Analysis
In this study, the data analyzed using SPSS (V-22). LSD test was used at a confed-
ence level of 95% and a significant P-Value of (p≤0.05).

Results
Table (1) and figure (2) showed the results concerning the means and standard devi-
ations of the ceramics micro-hardness of the lithium disilicate glass ceramic material. 
There was statisticaly significant differences among the tested groups (p≤0.01). The 
mean values of 0.5mm, 1mm, and 1.5mm core thickness was of 800 (±120), 1229 
(±139), and 1117 (±221), respectively. 

Table (1):  LSD test  showing the micro-hardness value for all IPSE-Max 
press tested groups.
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Figure (2): Bar chart showing the hardness of IPSE-Max press  at different thickness.

Discussion
Nowadays, the utilizing of all-ceramic materials have been increasingly common to 
restorative dentistry. Currently, the enhancement of appearance is widely demanded. 
The development of novel all-ceramic systems due to needing for aesthetic materials 
in dentistry. It is described by improving high biocompatibility and esthetic specifica-
tion. Also, lithium disilicate glass-ceramics press materials have acceptable color sta-
bility, high strength, and high resistance to wear (Gonzaga et al, 2008). A numerical 
of all-ceramic systems are recently obtainable for dental restorations. Among these, 
it is one of the most common material because of good marginal and mechanical fit 
properties, and the low porosity when compared to widely used feldspathic porce-
lains (Milleding et al, 2002). Lithium disilicate glass-ceramics as an innovative mate-
rial provides the total all-ceramics usage range from fine veneers to 10 units FPDs. 
They offer high esthetic and strength materials for the press and the CAD-CAM tech-
nologies, (Milleding et al, 2002). Therefore, it was chosen in this study due to their 
superior mechanical properties. Indentation hardness testing is a common method 
of examining the mechanical properties of a very small in diameter sample. Lithium 
disilicate glass-ceramics press were chosen as being recommended for utilizing in 
posterior crowns because of the improved mechanical properties. Several properties 
of a material are concerned to its hardness as strength, ductility and proportional limit 
(Milleding et al, 2002) (Anusavice, 1996). The result of the present study explains 
that lithium disilicate glass-ceramic material showed significantly higher  Vickers›s 
hardness mean values (VHN). The mean value of the micro surface hardness for the 
group of 0.5mm core thickness with 800 (±120) was lower than that of the 1.5mm 
with 1117 (±221) mean value which in turn lower than that of 1mm core thickness of 
1229 (±139) mean value. This may be related to the composition of Ipse max press 
material which provide a high thermal, shock-resistant glass ceramic as a result of 
low thermal expansion that done when it is completed. The pressing of lithium dis-
ilicate glass ceramic has a very high plastic deformation procedure that can arrange 
the crystals in an alignment parallel to pressing direction; this could be shared to 
increasing the VHN. The lithium disilicate crystals deny the propagation of microc-
racks and contribute to increasing the esthetic translucency of the restorations. This 
may be agreed with (Albakry, 2003) (Bestoon Mohamme, 2015). They studying the 
Ipse max press specimens of different thickness and the results show that the group 
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of 1mm thickness was the best as it provides acceptable esthetics and translucency 
under all-ceramic restorations. Moreover, it could act as conservative to tooth struc-
ture and provides enough space for the outer layer for veneer ceramic material. This 
may agree with (Riad et al, 2017). Therefore, lithium disilicate cores should be fabri-
cated  at 1mm thickness with a minimum thickness of 0.8 mm and as recommended 
by (Farid et al, 2012) 

Conclusions 
Within the study limitation, the results concluded that the lithium disilicate glass-ce-
ramic material displays a higher surface hardness for thickness with 1mm than that of 
0.5mm and 1.5mm thickness of the same materials. 
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