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Abstract 
Background in eastern countries as in Iraq sociality is an important subject in all life 
experiences, teaching is one of these experiences. The teaching in governmental and 
non-governmental institutions is shifted from face to face (traditional) teaching into 
electronic one because of the covid-19 pandemic and the social distancing proposed 
by the world health organization (WHO). Objectives This study aims to address how 
electronic learning affects the social relationship between teachers and students. 
Materials and Methods Forty teachers from different colleges at Al-Bayan University 
were enrolled in this study whose students in virtual classes had not been their same 
students in ordinary previous classes. They were asked to give a percentage of the stu-
dents who are recognizable to the teacher by both name and face regarding virtual or 
electronic classes compared with the percentage in previous ordinary classes, this crite-
rion has been taken as one indicator for social contact between students and teachers. 
Results for ordinary classes, the mean percentage was 79.95; while for electronic 
classes the mean percentage was 24.63. The difference was statistically significant. 
Conclusion electronic learning has an impact on the social relationship between stu-
dents and teachers as most teachers have difficulty in recognizing their students by 
faces with the names.   

Keywords: Electronic learning; face to face contact; social 
distancing; teaching; virtual classes 

Introduction 
Teaching is carrying out certain activities 
with certain ethical tasks that are effective 
in student›s learning; learning is the re-
sponsibility of the teachers (Smith, 2004). 
Schlechty, (2004) defines teaching as the 
art of student›s induction to behave in 
ways that result in learning, it is an art be-
cause teachers have to facilitate learning 
and motivate the students to become in-
terested in it. Teaching and learning have 

a complex relationship because learning 
cannot be mandated as student›s learn-
ing cannot be guaranteed by the teacher 
(Jackson, 1986). The teacher tries hard to 
teach the students, but several factors af-
fect the learning process that lies outside 
the teacher’s control as If the student is 
properly motivated? Is the student inter-
ested in the subject? Are the conditions are 
conducive to learning? Is there a support-
ive parent? Is there enough time to digest 
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the ideas and practice new skills? (Suzanne 
et al, (2006). The definition of electronic 
learning is the use of the internet, the new 
multimedia technologies, and communica-
tion technologies to extend the process of 
education and to support learning by mak-
ing access to facilities and services easier 
(European Commission, 2001). Abbad et 
al, (2009); Aguti and Fraser, (2006); May-
ende et al, (2017) were stated that when 
the student›s face-to-face contact with 
their teachers is minimum and they learn 
on their own far from the institution most 
of the time, this is called distance learning. 
Electronic learning has a positive impact on 
the educational system as a whole includ-
ing learners and teachers, it comes with a 
lot of benefits as available access to every 
student anytime and anywhere, it saves 
time and cost, it reduces the level of stress 
because the students can learn with their 
speed, different learning styles could be 
accommodated, and effective technologies 
use many strategies as frequent testing 
and assignments and immediate feedback 
(Bosamia and Patel, 2016). By compar-
ing to physical classrooms, virtual classes 
had the potential to offer well and distance 
education, although there are parts of the 
developing world still struggling to meet 
these needs in this turbo-charged digital 
race. Nwabude et al, (2020) were used the 
body language and facial expressions are 
some benefits of the face to face classes 
and help in communication and get the 
message across to the students, such ben-
efits are absent in online classes as it is 
limited to using text and/or images to help 
to get the point across (Mitchell-Holder, 
2020). To communicate effectively with 
students in online education we should un-
derstand the differences in communication 
between face-to-face teaching and online 
environment (Betts, 2009). Robinson et al, 
(2015) and Mitchell-Holder, (2020) were 
stated that for the communication to be 
effective, the conveyed message should 

be received and understood in exactly the 
way it is intended, it is a two-way street, 
to gain the full meaning of what is being 
said, you should listen and the other per-
son to feel heard and understood.  There 
are many barriers to online teaching and 
learning, emotional barriers as fear, isola-
tion, and mistrust due to the absence of 
emotional connection between teachers 
and learners (Nkonge and Gueldenzoph, 
2006). Sarısakaloğlu, (2015) reported 
that 74% of learners would prefer con-
ventional classes and would like to be able 
to make eye contact with the teacher and 
classmates and that online learning does 
not take individual requirements into ac-
count (50%). Teachers have difficulty in 
determining whether the learners under-
stood the subject or not as their gestures 
cannot be observed as in a conventional 
class environment. Mayende et al, (2017) 
proposed many ways to improve commu-
nication as a joint discussion area for all 
learners, and for smaller groups, he pro-
posed learning group communication.

Aims of the study
To address the social aspect associated 
with theoretical sessions in E-learning as 
practical and clinical sessions are post-
poned during the study period. And to un-
derstand the shift in the relationship be-
tween teachers and students.

Materials & Methods
Teachers at Al-Bayan University/College of 
Dentistry have been asked to fill a ques-
tionnaire as shown in Figure (1); which 
was filled toward the end of the study year, 
only teachers whose students in the virtual 
classes had not been the same in ordinary 
previous classes and those who don›t have 
any previous health problems regarding 
memorizing (40 teachers) are included in 
this study. The age range was 28-64 years 
with a mean age of 39.2.
Teachers were asked to give a percentage 
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of how many students they knew in name 
and face or the students who are recog-
nizable to the teacher by both name and 
face regarding virtual or electronic classes 
compared with the percentage in previous 
ordinary classes, this criterion has been 
taken as one indicator for social contact 
between students and teachers. The elec-
tronic study started in February 2020 with 
the emergence of COVID-19 and what fol-
lows of the quarantine and social distanc-
ing as recommended by the WHO. A shift 
into electronic learning occurs in all educa-
tional institutions in Iraq. So the study in-
cludes teachers who have been involved in 
electronic learning for at least 7 months. 
Edmodo, Google classroom, free confer-
ence call platforms have been used for 
communication with the students, in ad-
dition to electronic mail and telegram ap-
plication.

Results 
In this study, 40 teachers were included 
whose students in the virtual classes had 
not been the same in ordinary previous 
classes (Figure 1). Each Teacher gave a 
percentage of the students who are recog-
nizable to him/her by both name and face 
regarding virtual or electronic classes and 
the same percentage in previous ordinary 
classes; this was taken as an indicator for 
social contact between students and teach-
ers. For ordinary classes, the percentage 
was ranging from 30% to 100% with a 
mean of 79.95, and a standard deviation 
of 17.88, while for electronic classes the 
percentage was ranging from 5% up to 
80% with a mean of 24.63, and a stand-
ard deviation of 20.76 as shown in Table 
1 & Figure 2. The difference was statis-
tically significant (p >0.001) according to 
paired sample T-test as shown in tables 2, 
3, & 4. This means that electronic learning 
significantly affects the social relationship 
between the teachers and the students.
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Discussion
It is well-known that education is one of 
the most prominent channels on which 
the educational process depends, it is no 
longer viewed as an individual or human 
need related to the individual himself only 
but rather has become linked to society›s 
strength, its development, its growth, and 
the achievement of its goals and objec-
tives. It is no longer confined to informa-
tion and its acquisition, but rather on the 
necessity to provide all the reasons and 
factors that help to accomplish the stu-

dent’s personality, to identify his poten-
tials, and develop opportunities for their 
investment in life activities, according to 
what his capabilities allow him. Electronic 
learning is an interactive system for learn-
ing that is presented to the learner using 
communication and information technolo-
gies, and it depends on an integrated digi-
tal electronic environment that displays the 
courses via electronic networks, provides 
guidance and direction, and organizes 
tests, as well as managing and evaluating 
resources and processes. For most online 
students, their primary contact with an in-
stitution is through their communication 
with faculty» Betts, (2009). In this study, 
with traditional face to face learning the 
teachers can recognize their students by 
name and face in about 80% and the rest 
could be recognized by face only, while in 
electronic learning the percentage down to 
about 25% only, this means that commu-
nication and social contact with students 
is significantly affected during electronic 
learning. Some teachers with the highest 
percentage of recognizing their students in 
electronic classes stated that the picture in 
the student›s profile can help the teach-
er in recognizing the students. Although 
most profile pictures for the students were 
taken from far distances or old ones, could 
be filtered or with glasses making recogni-
tion very difficult for the teachers. Face to 
face contact with the students, talking to 
them, eye contact, body posture, and body 
language during the lecture, in addition to 
practical sessions, all help the teacher to 
imprint the name, the face, and even the 
personality of each student. Contacting 
students outside the traditional classroom 
as in corridors, café, gardens, and parks, 
even in social events or gathering held 
by the university enforce the social bond 
with the students. In virtual electronic 
classes, the contact between teachers and 
students was through text messages or 
voice and photos, eventually; the teach-

Figure (1): Questionnaire for Teacher.

 Figure (2): Percentage comparision.
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ers were dealing with names and grades 
rather than a real human being and this 
affect the social relationship significantly. 
Mayende et al, (2017), proposed arrange-
ments for physical meetings of two weeks 
twice a semester or occasional face-to-
face meetings to improve engagement of 
the students, and when a lecture is a live 
event, it is more valuable than playback. 
He said that communication with the stu-
dents and the methods of such communi-
cation helps to foster a sense of commu-
nity in the class which helps the students 
feel connected to the teacher and to their 
classmates, this can make a difference in 
student›s success. Mitchell-Holder, (2020) 
stated that bonding enforce with the stu-
dents, the teacher can provide some infor-
mation with a personal picture before the 
beginning of the class to get them to know 
him/her best and to personalize your com-
munications and build positive relation-
ships with your online students. Although 
solitude and peaceful silence provide good 
learning opportunities, learning in social 
groups have a critical role in understand-
ing development. The social occasions of 
conversation, discussion, joint work, and 
debate are important in learning (Suzanne 
et al, 2006).

Conclusion
Electronic learning is a new experience 
practiced widely this year 2020 in Iraq, it 
comes with many benefits as available ac-
cess at any time and anywhere, it saves 
time and cost and many other benefits 
found in the literature, although, it has an 
impact on the social relationship between 
students and teachers as most teachers 
have difficulty in recognizing their students 
by faces with the names.   
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ABSTRACT                                                                                                                          
Background many studies have shown that treatment with antifungal drugs is unsuc-
cessful due to the development of resistant species. Other studies found that ethanol 
and oil extracts of Cumin seeds have antifungal activity against Candida albicans spe-
cies. Objectives of this study were to evaluate the effect of different concentrations of 
Cumin seeds (oil and ethanol extracts) on the sensitivity of Candida albicans species. 
Materials and Methods Candida albicans were isolated from patients, sub-cultured, 
incubated, and tested. Ethanol and oil extracts of Cumin seeds were prepared with sox-
holate extractor, evaporated by rotary evaporator then kept in a dark place until used. 
Results All the dilutions of oil extracts caused inhibition in the growth of Candida albi-
cans with an inhibition zone in Sabouraud Dextrose Agar Media (SDA) except the (0.75 
and 1.5%). There were significant differences between all dilutions (p ≤ 0.05)  except 
between (25% and 50%) and (50% and Nystatin), also all dilutions of ethanol extracts 
showed inhibition zone in the SDA media except (25%) and there were significant dif-
ferences (p≤ 0.05) between all dilutions except between (50% and 75%), (75% and 
100%) and (100% and Nystatin). Conclusions Both extracts affect the sensitivity of 
Candida albicans. Oil extracts of Cumin seeds were more active than ethanol extracts 
and control positive Nystatin.

Keywords: Cumin Seeds Oil extracts; Cumin Seeds Ethanol extracts; 
Candida albicans 

Introduction
Candida albicans present in the oral cav-
ity of 3-48 % of healthy peoples, it’s an 
important and command oral fungal path-
ogen which considered the common mi-
cro-organism that caused fungal infection 
(Ferrari et al, 2005, Sroisiri and Boonyanit, 
2010). It has the ability to colonization, 
proliferation, and adherent on oral tissue 
leading to form complex biofilm struc-

ture that caused Trauma to the oral cavity 
(Hoshing et al, 2011; Emami et al, 2008; 
Young et al, 2009). Studies have appeared 
that treatment with antifungal drugs un-
successful due to the development of re-
sistant species (Zhang et al, 2020; de Ol-
iveira Mima et al, 2011; Mima et al, 2012). 
This will lead to the use of systemic an-
tifungal drugs, but systemic antifungal 
drugs have limitations in terms of toxicity 
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and drug interactions and more expensive 
(Farah et al, 2010; Silva et al, 2012). This 
makes it necessary to seek a new thera-
peutic approach using herbal extracts that 
have anti-fungal agents against Candida 
Albicans. (Petrović et al, 2014; Gleiznys 
et al, 2015; Rodino et al, 2014; Ismael 
and Abdul Latif 2019). Medical plants, now 
play a vital role, because they are consid-
ered safer and with few side effects in rec-
ommended dosage (Anibal et al, 2010; Al-
Nema, 2014). Many studies appeared that 
the ethanol and oil extracts of Cumin seeds 
had antifungal activity against Candida al-
bicans species (Kamble, 2015; PATIL et al, 
2015). Thymoquinone and carvacrol are 
considered as anti-candidal agents against 
Candida albicans in both extracts (İşcan et 
al, 2016, Al Jabre et al, 2003; Darmawan 
et al, 2019; Randhawa et al, 2010). The 
objective of this study was to evaluate the 
effect of different concentrations of Cum-
in seeds (oil and ethanol extracts) on the 
sensitivity of Candida albicans species.

Materials and Methods
Isolation and examination of Candida 
albicans
Species of Candida were isolated from pa-
tients suffering from denture stomatitis in 
Baghdad Medical City labs, the procedure 
for taking the species was done by using 
a sterile cotton swab and gently rub the 
swab over the intraoral lesions, subcul-
tured on Sabouraud Dextrose Agar Media 
SDA (OXOID, UK) and incubated at 37°C 
for 48 h. This is followed by microscopic 
examination, grams stain, germ tube for-
mation, and API Candida systems were 
done for identification of Candida albicans 
(Ponka and Baddar, 2014, Abdulwahhab 
and Jassim, 2018). Figure: 1(A).

Collection and extraction of the seeds
In the present study, Cumin seeds were 
bought from special local herbals market 
in Baghdad, washed, and left to dry at 
room temperature (35°C) without expo-
sure to sunlight, ground electrically with 
the electrical grind (Brown, Germany). The 
extraction method of the seeds was done 
in the Ministry of Science and Technology/ 
Pollutant Treatment Center, 50g for both 
oil and ethanol extracts were prepared in 
soxholate extractor (Cole-Parmer, USA), 
500 ml of n-hexane used for oil extract, 
and (400 ml) of ethanol 98% and (100 ml) 
distilled water used for ethanol extract for 
(4h/4 days). Then the plant extracts were 
evaporated by a rotary evaporator (Cole-
Parmer, USA) under low pressure at tem-
perate (50 - 60°C). The residue was put in 
a sterile Petri dish and placed in an oven at 
25°C to dried it completely. 

In vitro anti-candidal sensitivity 
testing
Disc diffusion method (agar diffusion 
method) was used to test anti-candida 
sensitivity (Wayne, 2009). The appropri-
ate concentration of Candida Albicans 
suspension (correct turbidity) was pre-
pared in a tube that equal to 0.5 McFar-
land using McFarland densitometer Figure: 
1 (B). Sterile petri dish (8 cm diameter) 
with SDA media(20ml), the media surface 
was stretched, wells with 5mm diameter 
made on media and filled with different 
concentrations of the extracts about 50 µl 
in each well, Nystatin (44μg/mL) (Khoram 

Figure (1): A- Microscopic examina-
tion B- MCF densitometer C- (1) effect 
of DMSO on Candida species. (2) Ef-
fect of extracts on Candida species. 
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et al, 2019)was used as control positive 
and DMSO ( Dimethyl Silfono Oxide) was 
used as control negative. Four dilutions for 
ethanol extracts of Cumin seeds (100, 75, 
50, 25)% and nine dilutions for oil extract 
of Cumin seeds (100, 75, 50, 25, 12. 5, 6, 
3, 1.5, 0.75) % were prepared using dilu-
tion law C1V1=C2V2 (100% prepared by 
dissolving 10g of crud extract in 100 ml of 
DMSO, while 75% prepared by dissolving 
7.5g, in 100 ml, 50% prepared by dissolv-
ing 5g in 100ml and the other percentage 
calculated on the same manner) (Al-Saraf 
et al, 2016). After wells filled with dilu-
tions, they left for 10 min before incuba-
tion to allow the extracted material to be 
diffusion into agar media, after that incu-
bated at 37°C for 48h. After 48hrs Figure: 
1(C) the inhibition zone was measured in 
millimeters using a measuring ruler (PA-
TIL et al, 2015). The experiments were ac-
complished ten replicate and the average 
was reported.

Statistical Analysis 
Data were analyzed using SPSS Ver. 25 for 
Windows. Descriptive statistics (frequen-
cies, mean ± standard deviation and with 
tables and graphs) and inferential statis-
tics (Pairwise Post-hoc Bonferroni test and 
Kendal Wall›s test) were used. P ≤0.05 
considered statistically significant

Results
The total sample for oil extracts of Cumin 
seeds was 70 and each group consists of 
10 frequencies (n = 10). According to Ta-
ble (1), the Mean Inhibition Zone (MIZ) ± 
Stander Deviation (SD) in oil extracts for 
100% (34.5 ± 2.415) and 75% (26.10 ± 
1.663) were greater than control positive 
Nystatin (23.8 ± 0.632) while in ethanol 
extracts the MIZ ± SD of Nystatin were 
greater than all dilutions. The minimum 
mean value of Inhibition Zone in oil ex-
tracts was recorded by 3%, while for etha-
nol extracts the minimum mean value of 

Inhibition Zone was recorded by 50% 

Table (1): Description of the study 
sample.

Inhibition zone positively correlated with 
the dilutions of Oil Extract of Cumin seeds 
which means that inhibition zone increased 
with increasing the concentration (r 0.834, 
p 0.001), Figure (2).

Figure (2): Correlation of inhibition 
zones with concentrations of oil ex-
tract of cumin seeds.
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Post-hoc pairwise comparison for oil ex-
tracts indicated that there were significant 
differences (p≤0.05) between all dilutions 
with Nystatin (control positive) except be-
tween (25 and 50) and (50 and Nystatin) 
there were no significant (p>0.05), as 
shown in Table 2.

Table (2): Pairwise comparison of oil 
extract of cumin seeds in different 
concentrations with nystatin inhibi-
tion zone.

        

Also in ethanol extracts, all the dilutions 
had significant differences (p≤0.05) ex-
cept between (50 and 75%), (75 and 
100%), and (100 and Nystatin %) were no 
significant (p >0.05), as shown in Table 3.

Table (3): Pairwise comparison of 
ethanol extract of cumin seeds in dif-
ferent concentrations with nystatin 
inhibition zone.

Discussion
Studies found that antifungal drugs can re-
sult in resistance of Candida Albicans spe-
cies (Mima et al, 2012; de Oliveira Mima et 
al, 2011; Zhang et al, 2020). This makes 
it necessary to seek new therapeutic ap-
proaches using herbal extracts that have 
anti-fungal properties against Candida al-
bicans. (Rodino et al, 2014, Petrović et al, 
2014; Gleiznys et al, 2015; Ismael and 
Abdul Latif, 2019). Some studies showed 
that oil extracts of Cumin seeds have anti-
Candida Albicans activity (Kamble, 2015; 
PATIL et al, 2015). In the present study, 
the antifungal effect of Cumin seeds was 
analyzed and observed that Candida Albi-
cans species were reduced when the con-
centration increased (inhibition zone was 
increased when the dilution of extracts 
decrease) because the concentration of 
the active component in the extracts in-
creased when the concentration increased. 
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The study demonstrated that oil extract of 
cumin seeds have a noticeable anti-fungal 
effect against Candida Albicans especially 
in (100 and 75%) because they were more 
effective than Nystatin MIZ. This concurs 
with the results of (Kamble, 2015), who 
found that Cumin seed oil strongly inhib-
ited all clinical isolates of C. Albicans and 
non-albicans Candida with growth inhi-
bition zones ranging from 27 to 72 mm. 
Wanner et al, (2010) showed that cumin 
oil had antibacterial activity against gram-
positive and gram-negative bacteria, in 
addition to its anti-Candida Albicans activ-
ity. 
The activity of Cumin oil against Candida 
albicans is related to its essential ingredient 
(Thymoquinone) (Piras et al, 2013; Burits 
and Bucar, 2000), which has an obvious 
antimicrobial activity especially against 
Candida species (İşcan et al, 2016), Thy-
moquinone, carvacrol, and P-cymene are 
considered the main components of Cumin 
oil and they both have the antibacterial ef-
fect (Arici et al, 2005; Ali and Blunden, 
2003). 
This study showed that the inhibition zone 
in ethanol extract also increases with high-
er concentrations. This agrees with (Ben-
lafya et al, 2014), who reported that etha-
nol extract had activity against B. Subtilis 
and Candida albicans. The antimicrobial 
activity of ethanol extract has been report-
ed by Bameri et al, (2013), who found that 
the cumin seeds had exhibited variable 
antimicrobial activities against the biofilm 
E. coli. This is related to the active com-
ponents (Thymoquinone, thymol, and car-
vacrol) that present in cumin seeds extract 
which has been reported to be responsible 
for decreasing the antimicrobial activity of 
both Candida Albicans and bacteria (Dar-
mawan et al, 2019; Al Jabre et al, 2003; 
Randhawa et al, 2010).

Conclusion 

The present study concluded that both ex-
tracts of cumin seeds affected the sensitiv-
ity of Candida Albicans. The inhibition zone 
was increased when the concentration of 
both extracts increased so that these ex-
tracts can be used as anti-fungal agents 
for these species. The oil extract of cumin 
seeds was more active than ethanol ex-
tract and control positive Nystatin, ethanol 
extract had less effect than oil extract and 
control positive Nystatin.
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Abstract
Background Zirconia is highly material-dependent so that many surface treatments 
may positively or negatively affect the surface as well as the mechanical properties 
Objectives The objective of this study was to evaluate the effect of different surface 
treatments on surface roughness and Vickers micro-hardness number (VHN) of mono-
lithic zirconia (m z). Material and Methods 24 monolithic zirconia discs (10 mm in 
diameter, and 2 mm in thickness) were created by using (STL) file and then milled, 
sintered, and flattened on the surface with 600,800,1200 grit aluminum oxide paper. 
They were then divided into 3 groups (n=8) according to the surface treatment: Glaze 
(G), polishing kit (PK), and diamond polishing paste (DPP). Surface roughness (Ra) 
and Vickers hardness (VHN) measuring after the surface treatments were performed. 
Results The surface treatment seems to significantly affect the roughness and (VHN) 
of monolithic zirconia. All specimens polished with a polishing kit showed significantly 
different Ra values than the glazed specimens. The lowest Ra values were observed 
with the use of a polishing kit, while the largest Ra values were observed in the glazed 
group. The largest (VHN) was shown in a polishing kit group and the lowest (VHN) value 
was obtained with the glazing group. The SEM observations demonstrated that the pol-
ishing techniques affected the roughness of monolithic zirconia. Conclusions polishing 
kit can be used as an alternative to glazing for monolithic zirconia. This may help in 
reducing the number of appointments of the patients and time-consuming. 

Keywords: CAD-CAM technology; monolithic zirconia; surface 
roughness; Vickers micro-hardness; SEM. 
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Introduction
Dental ceramics are widely used as a re-
storative material in a variety of clinical 
conditions (Qassadi et al, 2021). Patients 
are increasingly requesting metal-free so-
lutions as their understanding of esthetics 
and biocompatibility increases (Zghair and 
Kanaan, 2019). Dental ceramics have good 
mechanical properties and can be used to 
create esthetic, biocompatible, and long-
lasting fixed dental prostheses (FDPs) for 
implants or teeth (Scherrer et al, 2020). 
Zirconia which is a subclass of ceramics 
is becoming increasingly common in daily 
dental practice due to its excellent mechan-
ical properties. Transformation toughening 
and the ability to delay crack propagation 
and increase fracture resistance are two 
essential properties of zirconia (Janyavula 
et al, 2013). Some selected examples are 
all-ceramic crowns, bridge restorations, 
laminates, implant abutments, inlays, and 
Onlay (Ji et al, 2019). Zirconia veneered 
with feldspathic porcelain and monolithic 
zirconia are the two main types of zirco-
nia restorations used (Azeez and Salih, 
2019). More recently monolithic zirconia 
restorations manufactured exclusively by 
the CAD-CAM technology. They have many 
advantages such as high flexural strength, 
need lower conservative dental prepara-
tion; reduce antagonist wear, exhibit sat-
isfactory aesthetics, require less labora-
tory time and fewer dental sessions; and 
because they are monolithic; and they do 
not have the problematic effect of chipping 
(Kontonasaki et al, 2019). To enhance 
esthetic properties, some monolithic or 
contoured crowns are do not need to be 
veneered but only glazed and stained su-
perficially during fabrication (Amaya-Pa-
jares et al, 2016, Hmaidouch et al, 2014). 
The CAD/CAM technology has been used 
to enable the production of highly accurate 
monolithic crowns with a more homogene-
ous structure and fewer imperfection voids 
than their porcelain-veneered prosthesis 

(Furtado de Mendonca et al, 2019). This 
technology guided dental practice toward 
more standardized dental restorations 
with lower costs, time, and requirements. 
Smooth surfaces are known to be critical 
for the restoration›s aesthetics and long-
term success (Preis et al, 2015a). Surface 
finishing methods include polishing with 
an adjustment kit, polishing with an ad-
justment kit plus diamond polishing paste, 
and glazing. While glazing is a common 
method for restoring the restoration›s 
high-gloss surface, glazed layers are said 
to wear out within six months of installa-
tion. The polishing technique, on the other 
hand, adds no coating to the monolithic 
zirconia restoration›s surface (Siam et al, 
2021, Mai et al, 2019). Various polishing 
kits are available with the aim of removing 
flaws and creating smooth surfaces (Ince-
su and Yanikoglu, 2020). Glazing appears 
to strengthen the restoration, but this 
seems debatable (Rashid, 2014). Qualita-
tive and quantitative measurements have 
been used in studies on the surface char-
acteristics of ceramics (Al Hamad et al, 
2019). The average roughness (Ra) pa-
rameter defines overall roughness and is 
considered as the most commonly used 
measuring scheme in surface roughness 
research (Walia et al, 2019). The surface 
roughness of restorative materials may 
be affected by causing superficial stain-
ing, gingival inflammation, and secondary 
caries, which eventually affect the clinical 
performance of restorations (Hamed et 
al, 2020). In terms of roughness, the use 
of a zirconia polishing kit may be a cost-
effective and time-saving alternative op-
tion to the re-glazing procedure (Preis et 
al, 2015b). Increased surface roughness 
can increase the material›s abrasiveness 
on the opposing dentition (Vrochari et al, 
2017). Polished zirconia has also been 
documented to cause less wear of oppos-
ing enamel than enamel opposing itself 
(Fontolliet et al, 2020). In addition to sur-



18

Volume 8, Issue 1, 2021Afrah Radhy Hashim & Nidhal Sahib Mansoor

face roughness, other factors could affect 
the overall success of the restorations such 
as the Vickers hardness number (VHN) of 
the restorations. Since the zirconia surface 
is in direct contact with the antagonist›s 
tooth due to the absence of veneering por-
celain, the hardness of monolithic zirconia 
is essential (Candido et al, 2018). Vickers 
hardness testing is one of the most effec-
tive methods for determining a material›s 
hardness. Vickers hardness parameters are 
achieved by pressing a pyramidal diamond 
indenter into a sample›s surface (Tanaka 
et al, 2020). There were no studies that 
reported the effect of polishing and glaz-
ing on (VHN) of monolithic zirconia there-
fore this study aimed to assess the surface 
roughness and micro-hardness (VHN) of 
monolithic zirconia after different surface 
treatment and alongside their effective-
ness. The null hypothesis was that the sur-
face treatment protocol does not influence 
surface roughness and micro-hardness of 
monolithic zirconia, whatever the case of 
the polishing systems used.

Materials and Methods
A total of twenty-four highly translucent 
zirconia discs (UPCERA, FDA, HT, 89 ×16 
mm, China) were prepared based on those 
of previous studies (Ravella and Krishnan, 
2014, Mohammed et al, 2015). The di-
mensions were 10mm in diameter and 2 
mm in thickness. Using a specialized 3D 
modeling software program (Sketchup 3D 
design software, V 2016) the STL file of 
the designed specimen is exported to the 
CAD/CAM device. The specimen’s draw-
ings are then translated into a 3D tem-
plate to be milled using a CAD/CAM unit. 
Monolithic zirconia specimens were milled 
automatically from zirconia blocks using a 
milling machine (imes-icore, 5-axes, COR 
TEC 250i dry, Germany). Then according 
to the manufacturer`s recommendations, 
the discs were sintered at (1530 °C) for 8 
h in a sintering oven (VITA, Germany). For 

surface standardization, all specimen to be 
glazed and polished was initially polished 
with 600, 800, 1200 grit Waterproof alu-
minum oxide papers (AL-Alamain Ghalib, 
KSA) (Campos et al, 2021). The procedure 
takes place in sequence and each was pol-
ished for 15 seconds at a speed of 300 
rpm by using a polishing machine (DAP-
5, STRUERS, Denmark) underwater cool-
ing system (Yener et al, 2015). Specimens 
were randomly divided into 3 groups ac-
cording to the proposed surface treatment 
(n=8).

Group 1: polishing with a three-step pol-
ishing kit (PK), the polishing kit (PK) speci-
mens were polished with 3-step extra oral 
diamond wheels polishing kit (NHT, HIGH 
TECHNOLOGY, Republic of South Korea) as 
in Figure (1. a) in the first step a regular 
grit polisher was used, then fine grit pol-
isher for initial shine, and finally ultrafine 
grit high shine polisher was used for 30 
seconds. Each step was in a sweeping mo-
tion with forwarding and backward direc-
tion.

Group 2: polishing with two-step rubber 
and diamond paste (DPP), at first, polish-
ing with rubber polisher for 30 seconds 
(NHT, HIGH TECHNOLOGY, and Republic of 
South Korea), then polishing with a small 
quantity of polishing diamond paste (Ren-
fert Polish, all-in-one, Germany) using 
Robinson bristle brush, Figure (1.b). This 
was accomplished in a single direction us-
ing the handpiece (MARATHON-3, Republic 
of South Korea) for 1 min without water 
spray. To ensure uniformity, both polishing 
techniques were applied by one investiga-
tor using light finger pressure. 

Group 3: Glazing (G), two coats of glazing 
material (powder & liquid) (VITA AKZENT® 
Plus, GLAZE LT, Germany) in a creamy 
consistency was applied on specimens and 
sintered in (Program at P 300, Ivoclar, Vi-
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vadent, Germany) porcelain furnace at 
900 °C according to the manufacturer’s in-
structions. One single operator performed 
all specimens. The dimensions of the spec-
imens were checked with electronic digi-
tal calipers (LOUISWARE, China). Before 
surface roughness and the VHN measure-
ment all specimens, were cleaned in the 
ultrasonic machine (MESTRA ® CALYPSO, 
Spain) using distilled water for 10 min, 
then dried with absorbent paper (Somacal 
et al, 2019).

Surface roughness measurement
Quantitative evaluation of surface rough-
ness was performed numerically in mi-
crometers (μm) for all specimens by using 
a contact stylus profilometry (Pocket Surf 
®, U.S.A.) with maximum Stylus Force 
(1500 mgf /15.0 m N), cut-off value (0.8 
mm), and speed of 5.08 mm/s at three dif-
ferent locations on one side of the speci-
men. The mean surface roughness (Ra) 
was then calculated. 

Micro-hardness measurement (VHN) 
Micro-hardness was tested on mirror-pol-
ished disk-shaped specimens using a Digi-
tal tester (Digital Micro Vickers Hardness 
Tester TH714, China). The mean hardness 
was measured using 3 Vickers indentations 
per specimen with loads of 9.8 N applied 
for 15 seconds (Mohammed and Yassen, 
2019, Ozdogan and Yesil Duymus, 2020). 
Every three readings were averaged and 
the hardness value (VHN) was then calcu-
lated.

Qualitative SEM evaluation
One specimen from each group was ran-
domly selected for more extensive quali-
tative analysis with a scanning electron 
microscopy (SEM), (Vega, TESCAN, Czech 
Republic). The scanning took place after 
coating the specimens with gold in a vac-
uum sputter coater (MTI CORPORATION, 

USA). Examination under the microscope 
was performed at a scale of 50 μm and 
magnification of (1000 x).

Statistical analysis
Analyses of this study were carried out us-
ing SPSS statistical software. Levine’s test 
showed heterogeneity of variance. There-
fore, the means of each group were com-
pared using one-way ANOVA, (post hoc 
LSD test for surface roughness), and (post 
hoc Tukey test for VHN). These to assess 
each pair of means were substantially dif-
ferent. A p-value of ≤0.05 was considered 
statistically significant.

Results
The study data were analyzed statistically. 
The surface roughness values depending 
on the surface treatments were yielded 
the highest Ra value of 0.85 (±0.38) μm 
for the Glazing, but the lowest Ra value of 
0.29 (±0.15) μm was yielded for the (Pol-
ishing Kit), Figure (2). The results of one-
way ANOVA demonstrated that surface 
treatment influenced the variations in sur-
face roughness and VHN values. Statistical 
analysis in Table (1) showed the presence 
of significant differences between PK and 
G with a p-value of (.001), and between 
DPP and PK with a p-value of (0.013). The 
most interesting finding of this study was 
that there were no significant differenc-
es noticed between the DPP group and G 
group with a p-value of (0.320). In Fig-
ure (3), different (VHN) was found for the 
different surface treatments. The highest 
Vickers (VHN) value for monolithic zirconia 
was achieved in a group (PK) of 1364.20 
(±65.38), while the lowest (VHN) mean 
value among all the groups was in the 
group (G) 801.54 (±55.78). In Table (2), 
a statistically significant difference was 
shown between G and DPP with a P-val-
ue of (.000), and between G and PK with 
a p-value of (.000). On the other hand, 
DPP and PK there were non-significantly 
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different from each other with a p-value 
of (0.851). The most significant findings 
found in this study that there was a strong 
relationship between the Ra and the VHN 
i.e. as the Ra decrease 0.29 (±0.15) µm, 
the VHN will increase 1364.20 (±65.38), 
and vice versa as the Ra increase 0.85 
(±0.38) µm, the VHN will decrease 801.54 
(±55.78). According to SEM analysis, 
and as in Figure (4), polishing and glaz-
ing might alter the topographic pattern of 
monolithic zirconia. SEM observations of 
the glazed specimen (G) showed irregular 
and rather slightly granular surface fea-
tures, Figure (4. a). Whereas group DPP 
had many uneven regions, Figure (4.b). 
While after the polishing steps, the sur-
faces were progressively smoothed, but 
some shallow, parallel, grooves following 
the direction of bur movement could not 
be eliminated after polishing with ultrafine 
grit polisher group PK, Figure (4. c). 

Table (1): Statistical analysis (ANO-
VA, post hoc LSD) to compare the dif-
ference in average surface rough-
ness values between different surface 
treatments.

Table (2): Statistical analysis (ANOVA, 
post hoc- Tukey test) to compare the 
difference in Vickers micro-hardness 
number (VHN) values between differ-
ent surface treatments.

Figure (1): Polishing rotary instru-
ments, a: Three-step polishing kit (step 
1: Blue Wheel, step 2: Red Wheel, and 
step: 3 Green Wheel); and b: Two step 
polishing with diamond paste (step 1: 
rubber polisher, and step 2: Robinson 
bristle brush).
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Discussion
Results of the study led to the rejection 
of the null hypotheses considering that 
the Ra and VHN were not affected by the 
surface treatment. Monolithic zirconia pol-
ished surfaces were found to be smoother 
than glazed surfaces, (Hmaidouch et al, 
2014). The present study results were 
confirmed by a study established by Preis 
et al, in 2015. They found that both two-
step and three-step systems showed good 
results and may be recommended for re-
glazing of the ground surface (Preis et al, 
2015a). This may in agreement with the 
present study findings. This study results 
confirmed a study performed by SILVIA 
et al., who reported that polished zirco-
nia was less rough than glazed zirconia, 
(Amaya-Pajares et al, 2016). Monolithic 
zirconia›s excellent polishing performance 
may be due to its homogeneous and fine 
microstructure, which can be seen in SEM 
images. Polisher used with polishing paste 
DPP demonstrated intermediate surface 
roughness between PK and G The polish-
ing kit provides a smoother surface than 
polisher used with diamond paste possibly 
because of the lower diamond content and 
higher silicon carbide content of polisher 
used with paste as compared to this of 
polishing kit. This was probably in agree-
ment with the previous study reported by 
Khaled et al., as they found that the final 
polishing with diamond paste did not show 
a significant reduction in surface rough-
ness of monolithic zirconia, (Al Hamad 
et al, 2019). Since the tongue can detect 
roughness changes greater than 0.3 μm, 
an extremely rough restoration surface 
can hurt patient comfort. In this study, the 
G, and DPP were above this value, while 
PK was equal to this value therefore, PK 
seems to be the most appropriate polish-
ing technique for monolithic zirconia. Op-
posing enamel in occlusal contact areas 
has a surface roughness of 0.64 μm, which 
is a clinically valuable reference for the 

Figure (2): Bar chart showing the 
mean distribution of surface rough-
ness (Ra) in μm for the studied 
groups.

Figure (3): Bar chart showing the 
mean distribution of Vickers micro-
hardness number (VHN) for the stud-
ied groups.

Figure (4): The surface morphology 
SEM image for, a: Monolithic-Glazing; 
b: Monolithic-Diamond Paste and; and 
c: Monolithic-Polishing Kit.
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surface roughness of restoration, (Incesu 
and Yanikoglu, 2020). Since the surface 
roughness of PK of 0.29 (±0.15) μm was 
below the valuable reference. So, PK may 
cause less wear to the opposing enamel 
as compared to DPP and G. These findings 
could in agreement with (Janyavula et al, 
2013), who reported that polished zirconia 
is wear-friendly to the opposing tooth and 
glazed zirconia causes more material and 
antagonist wear than polished zirconia. 
Also, these findings may agree with (Vro-
chari et al, 2017) who reported that this 
Ra might be clinically relevant as it is with-
in the critical threshold of 0.2µm. Glazing 
does not minimize surface roughness as 
effectively as polishing; this may be be-
cause the coating layer is not thick enough 
to effectively complete the ceramic surface 
micro-cracks and grooves, as reported by 
(Azeez and Salih, 2019). Yet, there were 
no studies that identified the effect of pol-
ishing and glazing procedure on the VHN 
of monolithic zirconia therefore, no further 
comparisons can be made with the results 
reported in earlier studies. Finally, since 
sintering conditions affect particle size, 
they have an impact on the final product›s 
stability and mechanical properties. Analy-
sis of the different zirconia surface treat-
ments by scanning electron microscopy 
(SEM) provided valuable information about 
the resulting topography. Photomicro-
graphs of glazed rough surface as in Figure 
(4. a) showed the irregular surface with 
a sharp granular surface, with the small 
island of unblended surfaces indicating 
high roughness. Also, a non-homogenous 
surface is presented for the DPP photomi-
crograph, Figure (4. b). Despite the pres-
ence of several narrow pits and scratch-
es, the final super-polishing with diamond 
paste revealed a more homogeneous tex-
ture compared to G. Polished surfaces ap-
peared to be smooth as in Figure (4. c). 
With only fine ridges and grooves visible in 
photomicrographs, the polished surfaces 

also had a regular morphology and shallow 
scratches. Based on the findings of this re-
search, polishing monolithic zirconia with 
a polishing kit providing lower roughness 
values and the highest VHN values com-
pared to those promoted by polishing with 
diamond paste and glazing. Only one type 
of monolithic zirconia was investigated as 
well as the intraoral environment was not 
simulated in terms of variables like tem-
perature and humidity, which was a limita-
tion of this study.

Conclusion
Under the limitations of the present in vit-
ro study, the following conclusions were 
drawn. Polishing with zirconia polishing kit 
showed excellent enhancement in reduc-
tion of surface roughness and increase in 
VHN as compared to glazing and polishing 
paste groups. And the significant differ-
ence was found in the surface roughness 
and VHN of the monolithic zirconia sub-
jected to the different surface treatments. 
As well as this study concluded that there 
was a reverse relationship between sur-
face roughness and VHN i.e. decrease in 
surface roughness leads to an increase in 
micro-hardness.
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Abstract
Background The success and longevity of metal-ceramic restoration depend on metal-
ceramic bond strength. A variety of ceramic and alloy systems are available nowadays. 
Objectives the present study aims to evaluate and compare the bond strength of two 
ceramic systems to Ni-Cr and Co-Cr alloys. Materials and Methods A study sample 
of forty metal specimens was prepared. Twenty specimens were fabricated from Ni-Cr 
alloy, and twenty of Co-Cr alloy with dimensions (25× 3× 0.5 mm) according to ISO 
9693. These are layered with two ceramic systems (Vita ceramic Vita VMK Master), and 
(IPS d.SIGN Ivoclar) with a dimension of (8×3×1.1 mm). Bond strength was evalu-
ated by a three-point bending mechanical test. After testing the mode of failure was 
recorded. Scanning electron microscopy (SEM), and (EDS) analysis were performed. 
Results were analyzed using SPSS with descriptive statistics and a Student t-test. 
Results The results revealed that the type of alloy used had a significant effect on 
bond strength (p< 0.01). The Co-Cr alloy had significantly higher means compared 
to the Ni-Cr alloy. While the ceramic systems had a non-significant effect (p> 0.05).  
Conclusions  The Co-Cr alloy showed significantly higher bond strength with both ce-
ramic systems in comparison to Ni-Cr alloy. All groups tested had bond strength higher 
than that demanded by (ISO 9693) with a minimum of  25 Mpa.

Keywords: Alloy; ceramics; metal-ceramic bonds; metal-ceramic 
alloy.

Introduction
Although there are great progress and 
growing use of all-ceramic restoration in 
fixed prosthodontics, metal-ceramic res-
toration is still considered an important 
part of dentistry. This is due to their ex-
cellent mechanical properties, durability, 
and fit of the metal with the superior aes-
thetic appearance of porcelain  (Abrisham 
et al, 2017; Yoldan et al, 2020). In the 

production of the metal framework of met-
al-ceramic restoration, the alloy should 
have adequate properties such as biocom-
patibility, strength, ease to manipulate, 
and reasonable cost (Al Amri and Ham-
mad, 2012). Base metal alloys such as 
cobalt-chromium alloy (Co-Cr) and nickel-
chromium (Ni-Cr) alloys have satisfactory 
properties such as high modulus of elastic-
ity, low density, rigidity and low cost to be 
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used in the construction of metal-ceramic 
restoration as a good metallic choice in-
stead of noble alloy (Sipahi and Özcan, 
2012). Ni-Cr alloys were used in fixed 
prosthodontics because of their acceptable 
cost as compared to noble alloys. How-
ever, there is many health problems have 
been detected as a result of long- term use 
of these alloys. An allergic response is one 
of the problems faced by some patients, 
also the technician who was dealing with 
these materials during his work. Later, Co-
Cr alloys were developed as a good option 
that is used for a patient who is sensitive 
to nickel (Al Jabbari, 2014; Singh et al, 
2017). Controversy exists between studies 
about bond strength of base metal alloys 
and available ceramic systems (De Melo et 
al, 2005; Mirković, 2007). The Co-Cr al-
loy is characterized by good bond strength 
whether fabricated by casting or other 
production techniques (Lawaf et al, 2017; 
Dentalnega et al, 2019). The opaque layer 
is critical for the success of bond strength 
since it interacts with the oxide layer of the 
metal to form a primarily bonding mecha-
nism (Huang et al, 2005). A chemical bond 
is attained through the oxide layer (Hamza 
et al, 2019). For this reason, more atten-
tion should be given to the selection of 
porcelain and metal combinations (Al Amri 
and Hammad, 2012). Mechanical inter-
locking that determined an engagement of 
ceramic into the undercut that formed on 
the metal surface while the compressive 
force was entirely dependent on the coeffi-
cient of thermal expansion between met-
al and ceramic and Vander walls, forces 
that depended on the molecular interac-
tion of metal and ceramic charges (Sipahi 
and Özcan, 2012). Mechanical interlock-
ing created on metal bonding surface by 
sandblasting with aluminum oxide and im-
prove the wettability of opaque ceramic 
(Fernandes Neto et al, 2006; Külünk et al, 
2011). However microstructural analysis 
of metal-ceramic interface reported the 

presence of voids in ceramic layer even if 
the operators strictly followed manufac-
turer instructions (Massimi et al, 2011). 
These voids affect greatly the longevity 
of the restoration. Various testing meth-
odologies were indicated to evaluate the 
metal-ceramic bond strength. The three-
point bending test according to ISO 9693 
is considered an ideal test for the evalu-
ation of metal-ceramic bond strength be-
cause specimens are under traction, com-
pression, and shear force at the same time 
(Korkmaz and Asar, 2009; Li et al, 2017). 
The design of the three-point bend test 
with a flat specimen more accurate than 
an anatomical tooth-contoured specimen 
with fewer experimental errors (Bae et al, 
2015). Previous investigation of metal-ce-
ramic restoration bond strength found no 
standard behavior exists among metal-ce-
ramic systems (Korkmaz and Asar, 2009) 
and others recommend need to investigate 
bond strength of various metal alloy types 
and ceramic systems developed (Rathi et 
al, 2011). Therefore, the present study 
aims to evaluate and compare the bond 
strength of two ceramic systems (Vita ce-
ramic Vita VMK Master) and (IPS d.SIGN 
Ivoclar) to Ni-Cr and Co-Cr alloys.

Materials and Methods
Preparation of metal specimens
Forty rectangular metal specimens were 
prepared from Ni-Cr (Kera-NH, Germany) 
and Co-Cr (Keramit Np, Italy) alloys and 
divided into two groups. These specimens 
were made according to ISO 9693 with the 
dimensions of 25 (±1) × 3 (±0.1) × 0.5 
(±0.05) mm. Then these specimens are 
covered by two different types of ceram-
ic layer Vita VMK Master (Vita, Germany) 
and IPS d. SIGN (Ivoclar Vivadent,  Ger-
many), the dimension of the ceramic layer 
was of (8×3×1.1mm) Wang et al, (2016) 
as shown in Figure (1). To fabricate the 
metal alloy specimens, casting wax strips 
with the dimensions of 25 (±1) × 3 (±0.1) 
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× 0.5 (±0.05) mm were cut from green 
casting wax (Renfert, Germany). Wax pat-
terns were invested in a phosphate-bond-
ed investment (Bellavest SH, Bego, Ger-
many). After the investment had been set, 
the ring was placed in a burnout furnace 
(Degussa, Germany). After removal from 
the furnace, all specimens were cast in 
a centrifugal casting machine (Degussa, 
Germany), divested, and then sandblasted 
for removal of residual investment mate-
rial. Then specimens were ultrasonically 
cleaned for 5 min in distilled water using 
an ultrasonic cleaner unit according to the 
manufacturer›s instructions (Degussa, 
Germany). After that, all specimens were 
subjected to an oxidation procedure. The 
oxidation cycle for Ni-Cr alloy specimens 
required heating at a rate of 980°C un-
der vacuum, and holding temperature for 
5 min. While the oxidation cycle for Co-
Cr alloy specimens required heating at a 
rate of 960°C under vacuum and holding 
temperature for 5 min according to the 
manufacturer›s instructions. Following the 
oxidation procedure, the oxide layer on 
each metal specimen would be formed. 
Then all-metal specimens were sandblast-
ed with aluminum oxide (Al2O3) of 250 
µm particle size at air pressure (3-4) bar 
and distance of 10 mm for 15 sec (Patel et 
al, 2015; Li et al, 2017). Lastly, the speci-
mens were cleaned using an ultrasonic 
cleaner unit for 10 min in distilled water to 
remove debris and greasy material and to 
avoid metal alloy from contamination be-
fore porcelain application.

Sample grouping
The forty metal alloy specimens were di-
vided into four groups:
1. Group A: n=10, Co-Cr specimens lay-
ered with Vita ceramic (Vita VMK Master 
Vita, Germany). 
2. Group B: n=10, Co-Cr specimens lay-
ered with d.SIGN ceramic (IPS d.SIGN 
Ivoclar Vivadent, Germany).

3. Group C: n=10, Ni-Cr specimens lay-
ered with Vita ceramic (Vita VMK Master 
Vita, Germany).
4-Group D: n=10, Ni-Cr specimens layered 
with d.SIGN ceramic (IPS d.SIGN Ivoclar 
Vivadent, Germany).

Porcelain application
Before porcelain application, the metal 
specimens must be cleaned thoroughly by 
the steam cleaner. To build up ceramic in 
required dimensions and according to ISO 
9693-1:2019 specifications, a hollow rec-
tangular custom-made Teflon mold is to 
build up the ceramic of  8× 3× 1.3mm di-
mension (Schweitzer et al, 2005). Before 
porcelain application, the Teflon mold is lu-
bricated with porcelain special liquid using 
a brush. The Vita ceramic groups opaque 
(powder and liquid) applied in two layers 
to metal alloy specimens using a brush 
and fired individually under vacuum in a 
ceramic furnace (Vita- T 40, Germany) 
at a temperature of  960°C  and holding 
time of 1min. Then dentin porcelain was 
mixed, vibrated applied with a brush. Ex-
cess water was removed with a clean tis-
sue and fired at 930°C and a holding time 
of 1 min in a vacuum according to the 
manufacturer›s instructions. While the-d.
SIGN ceramic groups opaque (paste type 
with special opaque liquid) applied in two 
layers to metal specimens using a brush 
and fired individually under vacuum in a 
ceramic furnace (Vita- T 40, Germany) at 
a temperature of 900°C and holding time 
of 1min, and second opaque layer at a 
temperature of 890°C  and holding time of 
1min. Then dentin porcelain was mixed, vi-
brated applied with a brush. Excess water 
was removed with a clean tissue and fired 
at 870°C and a holding time of 1 min in a 
vacuum according to the manufacturer›s 
instructions. 

Three points bending test 
The prepared metal-ceramic specimens 
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were subjected to a three-point bending 
test by using a universal testing machine 
(Testometric 3-points test, Holland). Each 
specimen was positioned on specially fab-
ricated metal supports (20 mm of dis-
tance) with the porcelain facing downward 
opposite to the applied load. The force was 
applied at the midpoint of the metal speci-
men at a crosshead speed of 1.5 mm/min 
according to ISO standard 9693 and re-
corded up to failure (Hammad and Talic, 
1996; Wang et al, 2016). In this test, the 
force causing interfacial crack initiation at 
one of the two ends of the ceramic layer 
is measured and recorded digitally with 
a personal computer using software pro-
vided by the testing machine manufac-
ture and then used in calculating the bond 
strength (Özüpek and Ünlü, 2012).

Calculation of bond strength
The debonding strength/crack initiation for 
the materials that loaded in three-point 
flexure test configuration the following cal-
culation formula was used  τ_b=k F_fail  
Where F was the fracture force or failure 
load (in Newtons) which measured for 
specimens failing by a deboning crack oc-
curring at one end of the ceramic layer 
during the three-point bending test. The 
coefficient k is a constant that can be cal-
culated numerically based on the flow chart 
in ISO 9693 standards with units of mm-2. 
The value of k depends on the modulus of 
elasticity and the thickness of specimens 
(Wang et al, 2016). The elastic modulus 
of the base metal alloy was obtained from 
the curve in ISO 9693 (Co-Cr alloy 300.16 
GPa; and Ni-Cr 214.3 GPa). 
 
Mode of failure
Fractured specimens were observed under 
the stereo-microscope (MEIJI, Japan) at a 
magnification of 20X to categorize the type 
of failure after a three-point bending test.

Bond failure classified into three types, ad-

hesive, cohesive, and mixed-mode: 
1. Adhesive mode: the failure occurs be-
tween metal and ceramic, there was no 
ceramic particle on the metal surface. 
2. Cohesive mode: entirely within porce-
lain and there is a great fragment of the 
ceramic covered metal surface after the 
debonding.
3. Mixed-mode: a combination of adhesive 
and cohesive failure. When small remnants 
of ceramic were found in the metal (Akova 
et al, 2008).

Scanning electron microscope (SEM) 
and elemental composition analysis
SEM analysis was applied for one specimen 
from each group after the failure of the ce-
ramic veneer (Belkhode et al, 2019). The 
images were also observed under (Inspect 
S50, Netherlands) at 500X magnification 
to study the surface characteristic. This 
device provides energy-dispersive X-ray 
spectroscopy (EDS) which provides more 
details and explains the chemical element 
found at the metal-ceramic interface.

Statistical analysis
Descriptive statistical analysis includes the 
mean, minimum, maximum, and stand-
ard deviations were calculated for bond 
strength in (MPa) for all tested groups. The 
student’s t-test was used between tested 
groups to evaluate the effect of type of al-
loy and ceramic system on bond strength 
of metal-ceramic specimens. A p-value of 
≤ 0.05 was considered statistically signifi-
cant.

Results
In figure (2) the highest mean value of 
bond strength in group A of (Co-Cr+Vita 
ceramic), followed by group B of (Co-Cr+ 
d.SIGN ceramic), then group C of (Ni-
Cr+Vita ceramic), and the lowest mean val-
ue of bond strength in group D of (Ni-Cr+ 
d.SIGN ceramic). The student’s t-test was 
used to evaluate the significance of differ-
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ence among the studied groups as listed in 
the table (1). It showed that there are no 
significant differences (p>0.05)  noticed 
between Co-Cr+Vita and Co-Cr+d.SIGN 
ceramic and that between Ni-Cr+Vita and 
Ni-Cr+d.SIGN ceramic. However, highly 
significant differences (P<0.01) were no-
ticed between Co-Cr+Vita and Ni-Cr+Vita 
ceramic and that of Co-Cr+ d.SIGN and 
Ni-Cr+ d.SIGN ceramic. For the mode of 
failure, Table (2) shows the frequency of 
failure mode. The Co-Cr+Vita and Co-Cr+ 
d.SIGN ceramic showed 60% cohesive and 
mixed failure. However, Ni-Cr+Vita ceram-
ic revealed 50% cohesive failure, and Ni-
Cr+ d.SIGN ceramic 40% cohesive, and 
mixed failure. The SEM images showed 
different surface morphologies for speci-
mens after the ceramic failure to metal. 
There is a white area that represented 
the adherent opaque ceramic on a metal 
surface (light due to its low electrical con-
ductivity) and a black area represented 
the metal alloy (dark color due to its high 
conductivity) (Han et al, 2018). SEM im-
ages for groups  Co-Cr+Vita and Co-Cr+ 
d.SIGN ceramic as in figures (3) and (4) 
showed whiter and homogenous areas of 
opaque ceramic. While groups Ni-Cr+Vita 
and Ni-Cr+ d.SIGN ceramic as in figures 
(5) and (6) showed multiple areas of a dark 
spot of exposed metal with a white area of 
opaque porcelain. The dark areas of metal 
appeared smaller in size and the grayish 
areas represented mixed opaque and ox-
ide layer (Wang et al, 2016). All specimens 
viewed with SEM showed cohesive failure 
through the body ceramic and an area of 
cohesive/adhesive failure appeared in the 
opaque /oxide layer. The EDS analysis re-
vealed elemental penetration in the inter-
facial layer across the metal-ceramic inter-
face. The EDS as in figures (3, 4, 5, and 
6) illustrated the major elements of Co-Cr 
alloys, Ni-Cr alloy, and ceramic of Vita and 
d.SIGN as in table (3).

Figure (1): Metal-ceramic speci-
men design for three-point bend-
ing test.

Figure (2): Bar chart showing the 
bond strength of the studied groups 
in Mpa.

Figure (3): SEM and EDS 
of  Co-Cr+Vita Ceramic.
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Table (1): Student›s t- test between 
studied groups.

Table (2): Study mode of failure.

Table (3): Normalized weight percent-
age of each element on metal/ceramic
interface.

Figure (4): SEM and EDS 
of Co-Cr+d.SIGN ceramic.

Figure (5): SEM and EDS 
of Ni-Cr+Vita Ceramic.

Figure (6): SEM and EDS 
of  Ni-Cr+d.SIGN ceramic.
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Discussion
Variable numbers of metal alloys and ce-
ramic systems are commercially avail-
able. It’s important to predict the success 
of the compatibility of various metal alloys 
and ceramic systems. The clinical durabil-
ity of metal-ceramic restorations depends 
first of all on the quality of bond strength 
between metal alloy and ceramic veneer 
(Korkmaz and Asar, 2009). Various tests 
had been designed by scientists to evalu-
ate metal-ceramic bond strengths. The 
three-point bending test that was used in 
the present study was suggested by (Lenz 
et al, 1995). This test provides simula-
tion to the clinical condition because the 
specimens are under compression, shear 
bond strength, and traction at the same 
time. The easy fabrication of the speci-
mens was another cause for using the 
three-point bending test in measuring the 
bond strength of metal-ceramic restora-
tion, the specimens were easy to fabricate 
and valued (Korkmaz and Asar, 2009). 
The nickel-chromium and cobalt-chromi-
um base metal alloys were used in this 
study in fabrication metal specimens as 
an alternative to the precious metal alloys 
since they are more biocompatible and 
have good properties such as corrosion 
resistance, low in density, and cost (Sipahi 
and Özcan, 2012). Another advantage of 
base metal alloy is their high modulus of 
elasticity, which allows the production of 
very rigid metal construction that resists 
delamination and provides good support 
to the applied ceramic (Mirković, 2007). 
There are mainly four factors necessary 
in forming metal-ceramic bond strength 
which included chemical bonding, me-
chanical interlocking, Vander Waals forc-
es, and compressive forces which depend 
on the coefficient of thermal expansion 
(Schweitzer et al, 2005). The chemical 
bonding that formed from the chemical 
interaction of ions and diffusion within 
the metal-ceramic interface by forming 

covalent and metallic and ionic bonds be-
tween metal and ceramic accompanied by 
the oxidation of the metal alloys (Sipahi 
and Özcan, 2012; Wang et al, 2016). Me-
chanical interlocking in the present study 
was created with sandblasting of all-metal 
specimens with Al2O3 with large particle 
size (250 µm) recommended by Patel et 
al, (2015) were reported that better bond 
strength can be achieved when the met-
al surface sandblasted with a large parti-
cle size as (250µm). The results revealed 
that all specimens of the studied groups 
had higher bond strength than the min-
imum value of bond strength of 25 MPa 
as required by the ISO 9693. Neverthe-
less, it revealed significantly higher bond 
strength (p<0.01) in Co-Cr alloy groups 
(Co-Cr+Vita and Co-Cr+ d.SIGN ceram-
ic) compared to Ni-Cr alloy groups (Ni-
Cr+Vita and Ni-Cr+ d.SIGN ceramic) in 
figure (2), and table(1). For many reasons 
for these findings, the EDS analysis of Ni-
Cr groups revealed increased percentages 
of Cr content (27.22, and 20.10) groups C 
and D respectively compared to the Co-Cr 
alloy groups table (3). This means thicker 
oxide layer formation in Ni-Cr alloy groups 
increases the risk of metal-ceramic bond 
failure (Huang et al, 2005). Another im-
portant causative factor high modulus of 
elasticity of these Co-Cr alloy which leads 
to an increase in the rigidity and resist-
ance to the delamination,  also, reduce 
the possibility of bending under load, thus 
leading to stronger bond strength and pro-
viding good support to the ceramic (Han 
et al, 2018). The finding of this study may 
in agreement with the study by Mirković, 
(2007). Another reason for this signifi-
cant difference between Ni-Ci and Co-Cr 
base metal alloy groups were the differ-
ent chemical composition of these two al-
loys which causes consequently variation 
in the mechanical properties of the alloys 
and the bond strength values (Yoldan et 
al, 2020). These results conflicted with De 
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Melo et al, (2005), who concluded that no 
significant differences in the shear bond 
strength of Ni-Cr and Co-Cr alloy were 
studied. This may due to differences in 
the testing procedure and preparation of 
specimens, the former study may didn›t 
perform proper oxidation of the metal and 
sandblasting with aluminum oxide size of 
100µm (De Melo et al, 2005). The ceram-
ic systems investigation have a different 
form of opaque porcelain, the Vita ceramic 
used powder and liquid, while the d.SIGN 
from Ivoclar provides the opaquer in paste 
form. The present study showed non-sig-
nificant differences as shown in table (1) 
between two types of ceramic systems re-
garding bond strength (p>0.05). This may 
disagree with Al Amri and Hammad due to 
different types of metal alloy used in their 
study,  tests, and particle size of aluminum 
oxide for sandblasting the metal specimens 
(Al Amri and Hammad, 2012). Mode of 
failure of metal-ceramic specimens in the 
present study demonstrated 60% of cohe-
sive and mixed failure in Co-Cr groups that 
associated with significantly higher bond 
strength. However, Ni-Cr groups revealed 
50% and 40% cohesive and mixed failure. 
These findings could in agreement with Al 
Amri and Hammad who suggested that co-
hesive failures might be an indication of 
strong metal-ceramic bond strength (Al 
Amri and Hammad, 2012). However, other 
researchers found no direct relationship 
between bond strength and failure types 
(Wang et al, 2016) concerning the experi-
mental procedure and investigated mate-
rials.

Conclusions
According to the three-points bending test 
of the evaluated experimental groups, a 
higher bond strength value was indicated 
than the minimum value required by ISO 
9693. Also, the Co-Cr alloy with two ceram-
ic systems has higher bond strength than 
that of Ni-Cr alloy. Furthermore, the mode 

of failure in Ni-Cr was more frequently ad-
hesive, while is more cohesive in Co-Cr al-
loy which is illustrated by the higher bond 
strength of Co-Cr alloy. Therefore, and ac-
cording to these study findings, the Co-Cr 
alloy could recommend for long-span met-
al-ceramic restoration than Ni-Cr alloy.
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Abstract

Background Reduction of postoperative drawbacks related to extraction of lower wis-
dom teeth is an important goal in oral surgery. Chlorzoxazone, a centrally acting mus-
cle relaxant, could be use following surgical removal of lower wisdom teeth, to replace 
other alternative medications such as steroids, non-steriodal anti-inflammatory drugs 
and diazepam particularly when the access to these medications is limited or contrain-
dicated. Objectives this study aims to evaluate  a combined therapy (Chlorzoxazone 
250 mg + Paracetamol 300 mg), in relieving of postoperative trismus and pain after 
surgical removal of lower wisdom teeth compared with paracetamol 500 mg. 
Materials and Methods  thirty healthy patients participated in this prospective clini-
cal study. They were divided into two groups; the test group received the combined 
therapy (Chlorzoxazone 250 mg + Paracetamol 300 mg) and antibiotic while the control 
group received just paracetamol 500 mg and antibiotics as postoperative medications. 
Postoperatively, one independent investigator performed clinical examinations. 
Results the combined therapy (Chlorzoxazone 250 mg + Paracetamol 300 mg) pre-
sented a good postoperative effect to relief the trismus related to the operation 
Conclusions this could justify the use of this combination therapy as an alternative to 
steroidal and non-steroidal anti-inflammatory agents particularly when these medica-
tions contraindicated in certain medically compromised patients.

Keywords: Impaction; chlorzoxazone trismus; pain.
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Introduction
To improve the treatment outcome and to 
reduce the postoperative visits which in-
crease patient satisfaction, reduction of 
complications resulted following extrac-
tion of lower wisdom teeth is the key to 
achieve these goals. These complications 
appear in form of pain, swelling, trismus, 
and alveolar osteitis. Different therapies 
have been assessed and published in the 
literature to control postoperative draw-
backs related to the extraction of lower 
wisdom teeth. These therapies are Anal-
gesics (Bailey et al, 2014), Corticosteroid 
(Alexander et al, 2000), Antibiotics (Ren et 
al, 2007). Antibacterial mouthwashes such 
as Chlorhexidine mouthwash (Caso et al, 
2005), topical gels of antimicrobial agents 
(Hita-Iglesias et al, 2008), Irrigation (Daly 
et al, 2012; Ghaeminia et al, 2016), and 
cryotherapy (Ibikunle et al, 2016). Cho et 
al 2017 concluded in their review of mul-
tiple evidence-based studies that there is 
strong evidence for using paracetamol and 
ibuprofen in the management of postoper-
ative pain. Corticosteroids reduce swelling 
and trismus after surgery but they should 
only be used in selected cases. Chlorhex-
idine mouthwash and gels are proven to be 
efficient in reducing alveolar osteitis. There 
is no clear evidence concerning the use 
of cryotherapy after third molar removal. 
The impact of using a muscle relaxant to 
reduce pain, swelling, and trismus follow-
ing surgical removal of lower wisdom teeth 
has not been studied well. Chlorzoxazone 
is a centrally acting muscle relaxant used 
to treat muscle spasms. It is commonly 
used after lower spine surgery (Nielsen et 
al, 2016). The most concerning side effects 
of this medication are liver toxicity particu-
larly when Chlorzoxazone combined with 
paracetamol as the latter has the same 
side effect but this drawback might hap-
pen only when consuming these medica-
tions for chronic use for several months 
(Powers et al,1986). Analysis of plasma 

samples indicated a rapid absorption and 
rapid elimination of Chlorzoxazone. Aver-
age values of the elimination half-life and 
plasma clearance were 1.12 +/- 0.48 hr 
and 148.0 +/- 39.9 ml/min, respectively 
(Desiraju et al, 1983). The purpose of this 
study was to evaluate the clinical use of 
combined therapy (Chlorzoxazone 250 mg 
+ Paracetamol 300 mg) in relieving post-
operative trismus after surgical removal 
of wisdom teeth as it can be considered 
as a replacement of other medications fol-
lowing long oral surgery procedures like 
NSAID, Steroids and other muscle relax-
ants such as diazepam particularly when 
these medications not recommended for 
certain medically compromised cases ex-
cluding patients with liver disease.

Materials and Methods 
Study Design
This clinical study was approved and regis-
tered by the ethics and scientific commit-
tee at the University of Mosul / College of 
Dentistry, Department of Oral and Maxil-
lofacial surgery. The protocol followed the 
guidelines in the Declaration of Helsinki 
and all participants were informed about 
the details of the procedure in a written 
informed consent which was signed by all 
patients before recruitment in this study. 
A specific selection criterion was applied to 
avoid unwanted results. Inclusion criteria 
included Male and females aged 18 years 
old or above who read and signed the writ-
ten informed consent for their participa-
tion in the study, partial bony impacted 
mandibular third molars with Class II or III 
and position A, B, or C, according to Pell 
and Gregory classification on a radiograph. 
The patient indicated for lower wisdom 
tooth extraction without local or/and sys-
temic limitations. The geographic proxim-
ity of living should allow adequate follow-
up. On the other hand, exclusion criteria 
involved Patients with liver disease, dental 
infection such as pericoronitis, medically 
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compromised patients, and history of al-
lergy or hypersensitivity to the drugs used 
in this trial, recent use of anti-inflammato-
ry drugs or muscle relaxants, chronic use 
of any medication (any corticosteroids or 
NSAIDs), pregnant or lactating females. 
Regarding sample randomization, thirty 
patients were recruited in this study and 
randomly divided into two groups fifteen 
in each. The first group (the control) re-
ceived postoperative paracetamol tablets, 
a maximum of 4, 500 mg when needed. 
The second group (the experimental) re-
ceived a postoperative muscle relaxant/
analgesic capsule (Chlorzoxazone 250 mg 
+ Paracetamol 300 mg) three times daily 
for seven days to ensure complete recov-
ery of the complicated cases. Interincisal 
distance to assess the mouth opening was 
measured before and after the surgical 
procedure to assess trismus after the op-
eration and these readings was measured 
postoperatively at different time intervals 
first, the third and seventh day.

Surgical procedure
The study was conducted at the Depart-
ment of Oral and Maxillofacial Surgery, 
University of Mosul. Local anesthesia was 
administered through the inferior dental 
block and buccal infiltration. A full-thick-
ness mucoperiosteal flap is used in expos-
ing all impacted lower wisdom teeth. Tooth 
sectioning is applied in difficult inclined 
teeth to facilitate their removal without 
traumatic injury to the adjacent structures. 
Chlorhexidine solution 0.2 % used to clean 
and disinfect the area following complete 
removal of impacted teeth. Suturing of the 
area done with 3/0 black silk suture. 

Postoperative assessments and sta-
tistical analysis
Postoperative measurement of the mouth 
opening was performed, to assess trismus, 
by measuring the Interincisal distance. 

Visual Analogue Scale measured from (0-
10) cm to assess pain severity after the 
operation and the response to analgesics 
(Gould et al, 2001). The time of operation 
from the administration of local anesthe-
sia to the end of suturing was measured 
for the general assessment of the cases. 
Mann-Whitney U test was used to com-
pare the effect of different treatments on 
postoperative trismus and pain. Statisti-
cal analysis was performed using SPSS 19 
computer software program (SPSS, Cary, 
North Carolina, USA). Eight males and 
twenty-two females were recruited in this 
study with a mean age of 25 ranged from 
(18- 32) years old. The median of opera-
tions time was 36 minutes for the con-
trol group and 42 minutes for the treated 
group and there was no significant differ-
ence, p=0.197, between the two groups 
at p-value ≤ 0.05. Tooth sectioning in-
volved eight cases compared to twenty-
two teeth extracted without sectioning. 
No correlation was found between time of 
operation/tooth sectioning and postoper-
ative trismus/pain.

Results 
Demography
Eight males and twenty-two females were 
recruited in this study with a mean age 
of 25 ranged from (18-32) years old. The 
median of operations time were 36 min-
utes for the control group and 42 minutes 
for the treated group and there was no 
significant difference, p=0.197, between 
the two groups at p-value ≤ 0.05. Tooth 
sectioning involved eight cases compared 
to twenty-two teeth extracted without 
sectioning. No correlation was found be-
tween time of operation/tooth sectioning 
and postoperative trismus/pain.
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Trismus assessment
The median for Interincisal distance for 
control and treated group patients preop-
eratively were 44 for both groups (Table 1). 
Both medication formulae demonstrated a 
significant effect following assessment of 
mouth opening postoperatively. There was 
no significant difference preoperatively in 
mouth openings for those who recruited in 
this study who received later paracetamol 
500 mg or Chlorzoxazone 250 mg with par-
acetamol 300 mg (Table 2). Chlorzoxazone 
250 mg with paracetamol 300 mg demon-
strated a significant effect compared with 
paracetamol only in relieving of postopera-
tive trismus following removal of impacted 
lower wisdom teeth (Table 2).

Pain assessment
Pain measured zero for all recruited pa-
tients. Paracetamol 500 mg didn’t show to 
provide enough analgesic effect following 
extraction of the impacted lower wisdom 
teeth. On the other hand, the combined 
formula medication tablet (Chlorzoxazone 
250 mg with paracetamol 300 mg) dem-
onstrated an acceptable analgesic effect 
compared with paracetamol 500 mg after 
day 1 following the surgical procedure (Ta-
bles 3 and 4).

Discussion
Noninfectious pain, trismus, and swelling 
are commonly expected sequelae after 
third molar surgery. Surgeons usually tend 
to stress such complications when pre-
paring informed consents or sheets with 
postoperative instructions. Patients seem 

Table (1): Median of mouth openings (Inter-
incisal Distance mm), after administration of 
the above mentioned two medications sepa-
rately.

Table (2): P values for the comparative effect 
of the above-mentioned two medications on 
relieving of trismus following removal of 
lower impacted wisdom teeth. P value sig-
nificant 0≤0.5.

Table (3): Median of Visual Analogue Scale 
(0-10) cm for pain assessment after adminis-
tration of the above-mentioned two medica-
tions separately. Preoperative readings were 
zero (no pain).

Table (4): P values for comparative effect of 
the two medications on relieving of pain fol-
lowing removal of lower impacted wisdom 
teeth. P value significant ≤ 0.05.
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to focus more attention on functions like 
chewing, swallowing, and eating. (Martin 
et al, 2005; Esteller-Martinez et al, 2004). 
It is crucial that relieving post-operative 
pain should be effective and the side ef-
fects should be reduced by using com-
bination therapy with a different mecha-
nism of action of drugs rather than using 
a single drug (Kehlet et al, 2003; White 
et al, 2005; Ong CK et al, 2010). In our 
study, this reduction in pain intensity may 
be attributed to the reduction of muscle 
spasms caused by surgical trauma. So the 
vicious cycle of (pain-trismus) can be in-
terrupted by providing muscle relaxation. 
Besides, the surgical removal of impacted 
teeth procedure is not traumatic as spi-
nal surgery procedure. To the best of the 
authors’ knowledge, this work is the first 
clinical study to evaluate the use of com-
bined therapy (Chlorzoxazone 250 mg + 
Paracetamol 300 mg), in relieving post-
operative pain and trismus after surgical 
removal of lower wisdom teeth compared 
with (paracetamol 500 mg). When pa-
tients did not receive any analgesia medi-
cations, they show a high pain score on 
VAS, therefore our study design did not 
involve the placebo group, because anal-
gesic is critical in such a procedure. The 
main finding is that Chlorzoxazone 250 
mg with paracetamol 300 mg showed sig-
nificantly less trismus and more ability to 
open their jaws than paracetamol only in 
both early (1 to 3 days) after surgery and 
late (4 to 7 days) after surgery. There was 
a significant decrease in pain (measured 
by VAS) in all postoperative days (1st, 
3rd, and 7th, postoperatively) in the com-
bined treatment group compared with the 
control group. Evaluation of trismus was 
done by measuring Interincisal distance: 
a non-invasive, simple, cost-effective, and 
time-saving method, which provides nu-
meric data. The significant positive effect 
of the combination of Chlorzoxazone with 
paracetamol on this study can be related 

to the obvious improvement of postop-
erative sequelae noted. According to 
two clinical trials published before 1980, 
combination therapy of Chlorzoxazone 
and Paracetamol were more powerful in 
reducing pain than carisoprodol+ aspirin 
and methocarbamol + aspirin (Miller et 
al, 1976; Gready et al 1976). Further-
more, Scheiner, (1976) conducted a trial 
comparing the analgesic effect of Chlor-
zoxazone with diazepam they found that 
Chlorzoxazone was more effective than 
diazepam in reducing pain and muscle 
spasm. In contrast to study research 
conducted by Nelson et al, (2016), where 
they observed that there was no signifi-
cant reduction of early acute lower back 
pain following spinal surgery by using a 
single dose of Chlorzoxazone. Regarding 
Chlorzoxazone safety, hepatotoxicity is 
the most concerning side effect. Howev-
er, this tends to occur rarely especially in 
high doses with prolong use of the drug 
(Jackson et al, 2007; Waldman et al, 
1974). Furthermore, addiction is not re-
ported in patients using this drug (Jack-
son et al, 2007) .in our study there is no 
remarkable side effects were noted be-
cause of using a low dose of the drug for a 
short period. The relation between swell-
ing and trismus reduction is yet not fully 
understood (why there was the reduction 
in swelling when using a muscle relaxant) 
so further research must be conducted to 
study the relation between muscle re-
laxants and postoperative swelling and 
comparing it to other anti-inflammatory 
medicines.

Conclusions
The result of our study could justify us-
ing a combination of Chlorzoxazone 250 
mg with paracetamol 300 mg as a good 
alternative to the other pharmacological 
agents that relieve postoperative trismus 
(like steroidal and non-steroidal anti-in-
flammatory agents).
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Abstract
Background Even though laboratories generate a lot of amount of waste material, den-
tal waste management has recently received a lot of attention. Proper waste manage-
ment and efforts to improve it lead to cost savings. Machinable wax is often a reusable 
wax; the properties of the wax before and after recycling must be taken into account. 
Objectives of the present study are to evaluate the hardness and the melting flow of 
the new modified version of machinable dental wax for CAD-CAM purposes. Materials 
and Methods Mixing mineral and dental waxes in different ratios resultant: Type (I) 
with the following composition: melt machinable wax (60g), sticky wax (30g), paraffin 
wax (5g), and inlay wax (5g). While Type (II): melt machinable wax (55g), sticky wax 
(30g), paraffin wax (5g), and inlay wax (10g). The two experimental groups of Type 
(I) and Type (II) wax compared with one of the commercially available CAD-CAM wax 
(Dentify, Germany) as a control group. One-way ANOVA test (post hoc Games-Howell 
and LSD) was used for this study data analysis. Results After comparing the results, a 
significant difference in the surface hardness of study groups Type (I) and Type (II) was 
noticed compared to the control group (P≤0.05). However, there is a non-significant 
effect noticed for flow index property (p>0.05). Conclusions The recycling of machina-
ble wax block and reuse it as a dental wax ingredient show a superior surface hardness 
with a modifying of new version CAD-CAM wax. The incorporating of fresh material into 
recycled dental machinable wax enhanced the surface hardness and kept the melting 
flow index the same.

Keywords: CAM; milling; melt flow; wax; surface hardness. 

Introduction
Dentistry has grown significantly through-
out the last centuries. Various materials 
are included in dentistry for a wide range 
of clinical or laboratory procedures. Wax-
es play a major role in the final metal or 
ceramic restoration›s fabrication and suc-
cess. The use of wax in dentistry dates 
back 200 years when beeswax was used 

to create dental impressions, (Craig and 
Powers, 2002; Emmott, 2011; Sheriff and 
Nittla, 2019). Dental waxes are used in a 
variety of dental procedures because they 
are inexpensive, non-toxic, lower melting 
range, and weak solids that can be easily 
molded and shaped. They›re used for both 
high-precision jobs and more straightfor-
ward activities in dentistry. Just a few pro-
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cesses in restorative dentistry and patient-
friendly technology are performed without 
the use of wax in one of its many forms, 
(Greig, 2012; Sulaiman, 2020). Waxes of-
ten have many characteristics that can be 
easily formed and molded, such as rubber, 
low melting, combustible and not toxic, 
flow, residual stresses, (Scheller-Sheridan, 
2010; Von Fraunhofer, 2013; Sheriff and 
Nittla, 2019). Easy of recycling, (Taşcıoğlu 
and Akar, 2003). Flow is critical in all dental 
wax applications, and it is disadvantaged 
by residual stress effects, (Christensen, 
1965), and thermal expansion, (Craig et 
al, 1965). The flow of dental wax can be 
changed by modifying composition, (Craig 
et al, 1966; Hatim et al, 2011; Powers 
and Wataha, 2014). However, there is no 
rigorous flow specification and also no at-
tempt is made to describe these materials 
rheologically. Because of the difficulties in 
dealing with them, (McMillan and Darvell, 
2000). On the other hand, the coefficient 
of thermal expansion of Inlay wax has a 
large CTE. It has a linear expansion of 0.7 
percent with an increase in temperature 
of 20°C. Its thermal changes are greater 
than those of any other dental materials, 
(Phillips et al, 2013; Manappallil, 2015). 
In general, lower melting temperature 
waxes have greater ductility at any given 
temperature than higher melting tempera-
ture waxes, (Craig and Powers, 2002). The 
lower the flow rate at a given tempera-
ture, the harder the wax, (Anusavice et al, 
2012). In dentistry, rapid prototyping (RP) 
is used for a variety of dental specialties. It 
has the benefits of simplicity, dependabil-
ity, accuracy, improved visualization, and 
time savings, (Das et al, 2019). In consid-
eration of this recent technical advance-
ment, machinable wax has made signifi-
cant strides in the field of dentistry. Milling 
or machinable wax can be shaped by mill-
ing or machining using CAD-CAM or den-
tal drills. Machinable wax is an extremely 
hard wax with a high melting temperature 

that is formulated to deliver machining 
properties including high-resolution detail. 
One of the hard waxes with a high melt-
ing temperature is machinable wax, (Man-
appallil, 2015). Machinable wax contains 
5-15 percent paraffin wax, 5-15 percent 
microcrystalline wax, and 5-10 percent 
ethylene/vinyl acetate copolymer. 40 to 
50 percent by volume of a nonemulsifia-
ble polyethylene wax with a melting point 
of substantially 220°F, 25-35 percent by 
volume of a non-emulsifiable polyethylene 
wax with a melting point of nearly 240°F. 
Paraffin was used to reduce the viscosity 
and melting point of the blocks, making 
them incredibly simple to process, (Cilin-
dro, 1985). Within petroleum wax, paraffin 
wax is known as natural wax. It is primar-
ily derived from petroleum›s high boiling 
point fractions, (Okorie et al, 2019). It is 
possible to improve the plasticity by rais-
ing the concentration of paraffin with a low 
melting point (50/52°C), which has a con-
siderable effect on the flow of dental wax, 
(Zbigniew, 2019). Hassan et al. discovered 
that modifying dental wax improved its 
physical properties over commercial wax 
and the inclusion of paraffin wax improves 
wax melting range, (Hassan et al, 2014). 
Machinable wax has a major benefit over 
other materials in that it can be machined 
easily with little to no tool wear and may 
need no lubricant. In modern dentistry, 
machinable wax was chosen because of its 
non-abrasive properties, low environmen-
tal impact, and laboratory time savings. 
However, importing it is costly, and unused 
monoblocks are discarded after milling. 
The downside of this method is that it pro-
duces a significant amount of waste raw 
materials, which is considered uneconom-
ic, (Sun and Zhang, 2012; Zaley, 2013), 
Despite some studies indicate that many 
dental materials may be non-reusable, 
waxes and metals are examples of these 
because of their properties change, ren-
dering them unsuitable for future dental 
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laboratory procedures, (Powers and Wa-
taha, 2014). But, when the waste material 
is properly handled, leads to improved job 
quality for both professionals and the gen-
eral public. Dental waste management is 
of significant social importance to society, 
(Fan and McGill, 1989). Several attempts 
have shown that approximately 80-90% of 
wax can be recycled without changing its 
properties using a simple laboratory tech-
nique for removing impurities, (Thopegow-
da et al, 2013; Arora et al, 2017). Thus, 
Biernacki et al, conclude that the wax pat-
tern mixture obtained from the recycling 
of hard waxes, rather than fresh mixtures, 
could be used to perform accurate castings 
and reduce energy consumption in manu-
facturing high-quality investment patterns 
for general engineering applications and 
that the concept of larger recycling and 
treatment of wax should be considered (Bi-
ernacki et al, 2015). This also may support 
Ashby and Jones who previously proposed 
that the recycling of re-used materials may 
be a more effective energy-saving process 
(Ashby and Jones, 1995). As a result, the 
wax can be extracted, purified, and new 
wax made and recycled. This technique 
would increase income for dental schools 
and also help the low-income patients by 
lowering their care costs, (Thopegowda et 
al, 2013; Zaley, 2013). Except for Hatim 
et al in (2006), there were no serious at-
tempts to manufacture new versions of 
wax locally in Iraq and at affordable prices 
(Hatim et al, 2006). Therefore, the pre-
sent study designed to prepare a new wax 
for the CAD-CAM milling production meth-
od by reusing the waste-wax patches after 
the milling procedure with the addition of 
many mineral and dental waxes at a differ-
ent percentage.

Materials and Methods
Pilot study
Initially, the milling wax [waste-wax 
patches from CAD-CAM milling procedure] 

measured for surface hardness and melt-
ing flow index. The 12th attempt was es-
tablished to experiment with wax type and 
weight for study decision. The initial ex-
perimental study groups (n=3) were se-
lected based on the control milling wax in 
terms of surface hardness as mechanical 
properties and melt flow index as rheologi-
cal property.

Wax selection
According to the pilot study, four different 
dental wax materials were used namely a 
blank of CAD-CAM wax (Zotion™, China), 
sticky wax (Renfert, Germany), inlay wax 
(Renfert, Germany), paraffin wax (Middle 
Refineries Company/Dora Refinery/Iraq). 
Two study experimental groups of Type (I), 
and Type (II) were prepared with different 
ratios according to the following table (1).

Study sample grouping
For this study, a study sample of (70) cyl-
inder specimens was prepared for surface 
hardness test (n=10), and (21) cylinder 
specimens for melt flow index (n=3). 

Sample preparation
For the surface hardness and melting flow 
index, a silicon mould for the wax cylinder 
specimens was prepared and designed with 
a dimension of 12(± 0.1)mm× 13(± 0.1)
mm in length and diameter respectively. 
To prepare the control group, the machin-
able White wax of D98.5*14mm (Dentify 
GmbH, Germany) milled into a cylinder 
shape using computer-aided design/com-
puter-aided manufacturing (CAD-CAM), 
(imes-icore, Germany). While the study 
wax groups prepared by melting waste 
machinable blue wax D98*14mm (Zo-
tion™, China) at high temperatures range 
between (115°C-186°C) on a refractory 
container on a Tefal pot over an electronic 
heater. A dental investment material was 
used as a thermal medium between the 
pot and the wax melt container. The tem-
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perature was measured using an external 
thermometer for keeping the wax›s tem-
perature under control. On other hand, the 
other dental wax materials like sticky, in-
lay, and paraffin wax are melted using a 
digital wax melter device (Aicok, UK) and 
then poured into the silicone mould. For 
experimental study groups, the waste ma-
chinable wax melted firstly using the wax 
melt refractory container with the external 
digital thermocouple, then the sticky, in-
lay, and paraffin wax that melted using a 
digital melter device were added at a tem-
perature of 185.5⁰C. The wax mixture was 
blended for 100 Sec using a handpiece 
with a fan bur. Then the wax was poured 
into the silicone mold and kept over the 
bench for 1h to solidify.

Testing procedure
In this study, the surface hardness test 
was performed by using the Shore-D du-
rometer hardness device according to 
(ASTM D2240). The testing loads were ap-
plied equally to 50 N, and the wax speci-
men was located under the indenter area 
with a depressing time of measuring equal 
to 15 sec. The indenter of the digital Shore 
D device is 0.8 mm in diameter and a ta-
pering cylinder of 1.6 mm. The three read-
ings were obtained from the digital scale, 
(Cevik and Yildirim; Bicer, 2018). Each 
scale results in a value between (0 to 100) 
hardness numbers, with higher values in-
dicating a harder material, (Gałuszka et al, 
2017; Kajdas et al, 2017; Oleiwi; Hamad, 
2018). While the melt flow index tester 
(XNR-400D) was used to measure the melt 
flow index of each group as an additional 
property alongside the surface hardness in 
terms of material›s viscosity and molecu-
lar weight for burn-out purposes, (Garg 
and Singh, 2016), as shown in figure (2).

Statistical methods
The study data were analyzed via One-way 
ANOVA followed by post-hoc tests; Games 

Howell and LSD at a confidence level of 
95% and a significant P-value of (p≤0.05).

Results
The data were statistically analyzed by 
comparing the results of surface hardness 
and melt flow index properties. Tables (2) 
and (3), and Figures (3) and (4) show the 
results of surface hardness and melting 
flow index of the studied groups. Gener-
ally, a significant increase in the surface 
hardness was noticed in the experimental 
studied groups of Type (I) and Type (II) 
than that of machinable CAD-CAM wax 
(Germany) as a control group, (p≤0.05). 
Yet, Type (I) experimental wax showed the 
same surface hardness value as that of 
Type (II) (p>0.05). On the other hand, the 
Type (I) and Type (II) experimental wax 
show a statistically significant decrease in 
melt flow index than that of the machin-
able  CAD-CAM wax (Germany), (p≤0.05).

Table (1): The percentage in weight of 
the studied wax.

Figure (1): Study samples groups, A: Machin-
able wax (Germany); B: Melted machinable 
wax (China); C: Melted sticky wax; D: Melted 
inlay wax; E: Melted paraffin wax; F: Experi-
mental Type (I) wax; and G: Experimental 
Type (II) wax.
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Table (2): ANOVA test (post hoc 
Games-Howell) showing the surface 
hardness of the studied wax.

Table (3): ANOVA test (post hoc LSD) 
showing the melt flow index of the 
study wax.

Figure (2): A: Surface hardness device (Shore 
D); and B: Melt flow index tester device.

Figure (3): Bar chart showing the surface 
hardness means distribution of the studied 
wax.

Figure (4): Diagram showing the melt flow in-
dex means distribution of the studied wax.
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Discussion
Several researchers have been recom-
mended the reuse and recycling of differ-
ent dental waxes for additional laboratory 
procedures. Yet, the high import cost of 
some dental waxes for CAD-CAM produc-
tion methods may consequently influence 
the laboratory work environment. The 
shortage of some dental resources such 
as machinable wax seems to affect the 
dental market as well as further studies 
of some educational institutions. There 
is limited information regarding the re-
cycling of dental waxes in terms of pro-
duce new machinable wax for CAD-CAM 
purposes. Therefore, this study designed 
to evaluate the surface hardness of the 
new machinable wax alongside flew melt 
index for CAD-CAM purposes. Generally, 
the new machinable wax created in this 
study shows a high surface hardness than 
one of the most commonly used commer-
cially hard CAD-CAM wax disks (Dentify 
GmbH, Germany). The mixing of differ-
ent dental waxes in terms of recycling the 
waste patches of machinable blue disk 
wax (Zotion™, China), sticky, and inlay 
wax (Renfert, Germany) in addition to 
paraffin as an Iraqi local mineral wax re-
vealed a huge benefit in the creation of 
new products with a superior mechanical 
property like surface hardness. The Chi-
na-machinable wax is harder than that of 
the other available wax of different ori-
gins lead to a long time-consuming mill-
ing process, as well as, some wax burs 
may undergo fatigue and fracture during 
the milling process. Type (I) and Type (II) 
experimental machinable wax showed a 
significant increase in the surface hard-
ness comparing to one of the commer-
cially available wax blanks. This could be 
related to the addition of a high percent-
age by weight of hard China-machinable 
wax of 60g and 30g of sticky wax. These 
findings may agree with a few studies that 
stated that the recycling of dental waxes 

may improve its properties by the addition 
of refreshing materials, (Thopegowda et 
al, 2013; Biernacki et al, 2015). On the 
other hand, the melt flow index of Type (I) 
and Type (II) experimented with wax indi-
cates a significant decrease in mean value 
than the commercially used CAD-CAM wax 
(Dentify, Germany). This may be related to 
the inclusion of paraffin wax at a low flow 
melt point. This may in agreement with a 
study by Hassan et al, (2014) and Zbig-
niew, (2019). They conducted that the ad-
dition of paraffin wax could consider as an 
effect on the flow of dental wax, (Hassan 
et al, 2014; Zbigniew, 2019). Since the 
wax pattern formed after machining is in-
vested and cast like regular casting waxes, 
the melt flow could play an important role 
in the process of wax extraction and burn-
out procedures. This may help time-con-
suming alongside the accuracy of the final 
restoration. This study was limited to sur-
face hardness and flow index properties; 
however, many additional mechanical and 
physical properties such as microhardness 
and the dimensional accuracy of the wax 
pattern and final restoration were needed 
for further investigation. 
  
Conclusions
This study concluded that the addition of 
different melted dental waxes to recycled 
machinable wax could produce a new hard 
wax for CAD-CAM purposes. The addition 
of the paraffin wax to the wax mixture low-
ered the melt flow range which provides 
one of the recommended factors in using 
castable waxes. To sum up, Type (I) and 
Type (II) machinable waxes that were cre-
ated in this study should consider as one 
of the alternative options for limited com-
mercially available wax blanks for milling 
systems. 
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