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Abstract
Oral surgical and dental procedures require close physical operator-patient position, and
deal with two important infectious routes of the 2019 novel coronavirus (COVID19),
saliva and blood. This review focuses on viral characteristics, cell recognition and clinical presentation of COVID19 infection, briefly in comparison to other related coronaviruses. Followed by the most important diagnostic and transmission means with preventive measures to be considered throughout and after the pandemic infection period, to
protect general practitioner dentists, oral surgeons and other health care professionals
against this rapidly spreading infection, utilizing recent digital technologies and lasers.
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Introduction
A global health emergency was declared
on 30th of January 2020, owing to a viral pneumonia outbreak. This viral pneumonia that started in Wuhan was attributed to a new coronavirus, the member
number 7 of the coronaviruses family that
infects humans (Peng et al, 2020). Chen
et al, 2020; Wu et al, 2020; Zhou et al,
2020, on 11th of February 2020, it was
called “Corona Virus Disease (COVID19)”
by the World Health Organization (WHO)
and then renamed to “SARS CoV2”, by
the coronavirus study group (CSG) of the
international Committee on Taxonomy of
Viruses (ICTV), encountering the phylogenetic and taxonomic analysis of the recent
coronavirus. (Gorbalenya, 2020).

Viral background
Coronaviruses (CoVs) a big family, Coronaviridae, that comprises enveloped large
positive single-stranded RNA viruses,
these are capable to infect a wide variety of animals as well as humans (Weiss
and Leibowitz, 2011;Yin and Wunderink,
2018). Upon reviewing previous studies, it
seems that bats and birds are the natural reservoir of these viruses, including the
four documented groups (α, β, γ and δ),
with bats being a favourable host of the
former two groups, whereas the latter two
groups might be ideally hosted by birds.
Despite the presence of the four coronavirus groups circulating around the earth
for centuries (Woo et al, 2012), human
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coronaviruses (HCoVs) were considered to
be relatively harmless respiratory pathogens, until an outbreak of the severe acute
respiratory syndrome (SARS) in 2002-03
had occurred, followed by the emergence
of the Middle East respiratory syndrome
(MERS) in 2012 (Yin and Wunderink,
2018) and the recent (COVID19) in 2019,
that rendered HCoVs to be an important
respiratory tract pathogen which receive
attention all over the world.
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infection, due to higher likelihood of comorbid, older men involvement and cluster infection onset (Bai et al, 2020; Chan
et al, 2020; Chen et al, 2020).

Cell entry
Although the spike surface glycoprotein of
COVID19 differs from that of SARS CoV,
both viruses can bind to human Angiotensin Converting Enzyme II (ACE2). Wu et al,
2020; Zhou et al, 2020; Wan et al, 2020,
suggesting that the population with highCharacteristics of COVID19
er ACE2 expression might be more prone
The COVID19 belongs to the Beta coro- to COVID19 infection (Peng et al, 2020).
navirus genus, similar to SARS and MERS Nevertheless, both viruses can be potently
CoVs. Similarity of COVID19 genome neutralized, in vitro, by ACE2 fusion proranges from about 50% to less than 80% teins (Lei et al, 2020; Wan et al, 2020). It
with that of MERS and SARS respectively; is worthy to mention that ACE2 abundantly
never the less, it is NOT a descendent of present throughout the human respiratory
any of these viruses and their introduction tract and salivary gland duct epithelium in
into humans was enabled by external fac- the oral cavity. Liu et al, 2011, explaintors (Chan et al, 2020; Chen et al, 2020; ing viral detection in the nasopharynGorbalenya, 2020; Peng et al, 2020).
geal, oropharyngeal and saliva secreted
via these tissues (Chan et al, 2020; Guan
Clinical presentations of COVID19
et al, 2020; Huang et al, 2020; Wang et
The most frequent symptoms are predomi- al, 2020). on the other hand, the ocular
nantly fever (98.6% of studied cases), fol- anatomical proximity to respiratory tislowed by fatigue, dry cough, myalgia, and sues and documented ocular involvement
dyspnea. Whereas, other symptoms like; after respiratory viral infection (Belser et
headache, dizziness, abdominal pain, diar- al, 2013); clears the eye role to transmit
rhea, nausea, and vomiting are less fre- COVID19 (Lu et al, 2020).
quent (Wang et al, 2020). Ongoing clinical studies show that clinical, laboratory, Virus detection and Viral load
radiological and epidemiological features Basically, real-time reverse-transcriptase
along with the incubation period of COV- polymerase-chain-reaction (RT-PCR) assay
ID19 are close to that of SARS CoV. (Chan is the method of choice to detect COVID
et al, 2020). Clinical presentations range 19 genome in nasopharyngeal, oropharynfrom asymptomatic (Bai et al, 2020; Chan geal (Guan et al, 2020; Wang et al, 2020)
et al, 2020) to severe pneumonia that and saliva samples. K. K.-W. To et al, 2020,
may cause death. About (80%) of cases noticed that identical respiratory virus was
are mild respiratory infections and pneu- detected in both nasopharyngeal aspirate
monias; however serious illness and death and saliva, with a statistically significant
are more prevalent among old aged with higher cycle threshold values in the latter
other chronic underlying conditions. (Euro sample, representing a higher viral load
surveillance Editorial Team, 2020), be- and earlier presence of the pathogen in
sides, a major role of innate and adaptive saliva (Jeong et al, 2014; K. To, Yip, et
immunity was perceived, against COVID19 al, 2019; K. K. To et al, 2017; Chan et al,
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2020). However, saliva is chosen over nasopharyngeal or oropharyngeal specimens
to monitor serial viral load. Because CoV
cannot be detected in nasopharyngeal aspirate of many samples, saliva is considered a promising non-invasive specimen,
by which patient discomfort and health
hazards to healthcare workers is reduced
during repeated sampling. Consequently, early diagnosis and isolation of cases,
which can be strategic for infection, control (K. K.-W. To et al, 2020). Nevertheless, nasopharyngeal and oropharyngeal
specimen collection causes discomfort
and may cause bleeding, especially in patients with thrombocytopenia (Chan et al,
2020). Hence, they are not desirable for
serial monitoring of viral load. Moreover,
recently K.To, Yip, et al. approved that saliva collection requires about half time and
cost than that required for nasopharyngeal
aspirate collection (K. To, Yip, et al, 2019).
On the other hand, Sabino-Silva et al, suggested possibility of at least one of three
different pathways for COVID19 to present
in saliva: first, by COVID19 carrying fluid
exchanged between the upper and lower
respiratory tract with oral cavity. Second,
when COVID19 present in the blood can
enter mouth via crevicular fluid with serum-derived proteins content (Chan et al,
2020). Last, may be thorough major-and
minor-salivary gland ducts involved with
COVID19 infection that subsequently release particles in to the saliva (Liu et al,
2011). Thus, saliva plays an essential role
for both diagnosis and transmission of infection (Sabino-Silva et al, 2020).
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tients infected with the virus that may be
related to the rapid spread of the infection
(Wang et al, 2020). Recently, studies confirmed that person to person transmission
of respiratory viruses, (Guan et al., 2020;
Qing et al, 2020) is certainly due to receptor recognition (Wan et al, 2020). This
can occur directly or indirectly through
large or fine droplets (Peng et al, 2020;
Wei and Li, 2016). Coughing and speaking (Sabino-Silva et al, 2020) are possible routes through which sputum can
be emitted. Therefore, COVID19 may be
transmitted directly or indirectly via saliva
(Wei and Li, 2016) even without coughing or other respiratory symptoms. Sneezing, on the other hand, might contribute
to further surface contamination (K. K.-W.
To et al, 2020; Yan et al, 2018). It is also
suggested that droplets exhaled by mechanisms other than cough, are sources of
infection wherein viral load has been detected in the fine-personal aerosol particles, which can be generated from normal
healthy lungs by small airway closure and
reopening (Fabian et al, 2011). Increased
frequency of airway closure and reopening during respiratory infections could be
due to inflammation, with a corresponding
increase in aerosol generation and contagiousness (Edwards et al, 2004). Aerosols
that spread out during medical procedures
specifically in dental clinic could be another important route of COVID19 transmission, unless serious precautions are to
be followed. In addition, it was observed
that HCoV infectious capacity at room
temperature ranges between 2h up to 9
days (Kampf et al, 2020), with a favoraTransmission routes and prevention:
ble persistence at higher levels of humidPrevention of COVID-19 infection seems ity. So, it is necessary to keep the dental
to be, somehow, challenging as asympto- office environment clean and dry in order
matic carrier transmission has been docu- to decrease the persistence of COVID19
mented, (Chan et al, 2020; Rothe et al, (Peng et al, 2020). It is also important to
2020) even with normal chest Computed consider transmission by contaminated
Tomography (Bai et al, 2020). Added to, blood. Consequently, patients suspected
atypical early stage symptoms in some pa- with COVID19 can be risky for dental and
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oral surgical intervention, (Sabino-Silva et
al, 2020) even those ordinary oral surgical
procedures that do not require rotary armamentarium use, because the operator
and staff are directly and closely exposed
to airborne particles and patient personal
aerosols containing this virus. (Wax and
Christian, 2020). Until an effective vaccine
is to be discovered, social distancing is the
only and foremost method by which prevention is achieved. Hence, it is important
to focus on the following points to continue safe dental work for both patient and
health care workers:
First: limited exposure (on need exposure) through:
a. Online consultation or tele-dentistry
which is facilitated by digital technology,
and is applicable nowadays in almost all
procedures related to dental treatment
since it took place first in patients ‘dental
and medical history records, wherein suspected COVID19 infection two features are
required in the case presentation; fever
and/or respiratory infection symptoms,
added to the epidemiological association
with the virus. (WHO, 2020) Clinical pictures may also be sent through tele-dentistry programs e.g. smile mate that can
be helpful for diagnosis and follow up procedures, on the other hand, prosthodontic laboratory communication can be minimized with the CAD-CAM technology via
sending digitally scanned impressions of
high specific details, by which risk of exposure to contaminated prosthodontics
impressions is reduced.
b. Replacement of conventional diagnostic
intraoral radiographs with digital extraoral
radiographs when applicable (Vandenberghe et al, 2010).
c. Improvement of patient` education and
information about infection and prevention
control measures via digital connection.
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Second: oriented exposure by:
a. Following WHO recommendations that
emphasize appropriate use of all personal
protective equipment (PPE), including fittested N95 or FFP3 (Chughtai et al, 2013)
masks, fluid repellent disposable gowns
with long sleeves, gloves that covers the
gown cuff and face shield. So, in case of
being in doubt, dental emergency patients
with febrile respiratory illness of unknown
etiology should be managed with COVID19
(PPE) in accordance with guidelines considering contact, droplet and airborne (Wax
and Christian, 2020). These recommendations require precise application and training of health care workers on donning and
doffing procedures (WHO, 2020).
b. Environmental cleaning and disinfection
of all surfaces with 0.1% sodium hypochlorite or 62-71% ethanol that significantly
reduces coronavirus infectivity on surfaces
within 1 min exposure time (Kampf et al,
2020).
c. Implementing adequate ventilation protocol especially between succeeding patients, (WHO, 2020) and airflow within
hospital wards that can decrease the risk
of nosocomial spread of some coronavirus
strains. Wei and Li, 2016, were approaches
similar to negative airflow ICU room that
were applied during SARS CoV outbreak
can be repeated at dental clinic and hospitals to manage the COVID19 outbreak.
d. Cautious performance of aerosol-generating procedures (AGP) (WHO, 2020) that
can be achieved by:
1. Pre-operative 1 min mouth rinse with
oxidative agent like 0.2% -1% povidone or
1% hydrogen peroxide, followed by conventional 0.2% chlorohexidine (CHX) or
0.05% to 0.1% cetylpyridinium chloride
(CPC) to lower viral and microbial population in the oral cavity (Eggers et al, 2018;
Izzetti et al, 2020; Peng et al, 2020).
2. Two handed dentistry with an angula-
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tion of 30°-60° of both aerosol generating (AGP) source and high volume evacuator (HVE) as seen in figure 1, or even the
use of extra oral suction system to allow
proper suction, preferably with the use of
universal barrier methods e.g. rubber dam
(Avasth, 2018).

3. Maintaining proper physical patientoperator distance and posture via keeping
hind position and directing patients face
away from the operator especially during
AGP. It is also important to avoid close unprotected exposure to symptomatic individuals.
4. A controversial use of powered air purifying respirators (PAPRs) instead of N95
masks during these procedures is also present (Wax and Christian, 2020).
Third: decreased time of exposure
through:
a. Decreasing waiting room time of the patient depending on the medical and dental
history obtained via scheduled appointment utilizing digital technology.
b. Lasers application which is one of the
most effective methods used in different
dental and oral surgical procedures with
many advantages among which; decreased
intraoperative time, lower pain and discomfort proprioception, added to bloodless field
and decreased trauma to the surrounding
tissue with precise cut, (Parker, 2007) that
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might provide a promising solution through
such conditions. The most commonly used
diode lasers, for instance, are known of different wavelengths specific to target pigments like hemoglobin and melanin in the
soft tissues. It penetrates to a depth less
than that of Nd: YAG. This permits greater
operator control and reduces lateral thermal damage. Thus, it becomes popular to
treat peri-implantitis due to bactericidal
effect that do not induce implant surface
changes. Other uses of diode lasers may
include; gingival melanin depigmentation,
Fordyce granule excision, gingival hyperplastic lesions removal and management
of Hemangioma. A carbon dioxide (CO2)
laser are comparable to diodes by reduced
thermal damage for the same reason, and
is exceptionally efficient for soft tissue vaporization, due to high absorption in water,
collagen, and hydroxyapatite. Additionally,
they are efficient as a strong hemostatic
and bactericidal technique with minimal
wound contraction and consequently minimum scarring. Other types of lasers are
the Erbium family that are preferable for
hard tissue and bone surgical procedures
(Asnaashari and Zadsirjan, 2014; Convissar, 2015). Nevertheless, laser plume is
one of the side effects of some types of
lasers (Garden et al, 2002) that can be restricted via (PPE) and HVE use.
c. Applying digital dentistry simulation like
CAD-CAM and medical facial camera system that offer both limited and decreased
time of exposure, as less frequent dental
clinic visits are required with decreased
dental chair time. A study done by Mühlemann et al, considered that laboratory
work was more time efficient when applying digital workflow than conventional
methods, regardless the CAD-CAM system. In contrary, they considered full-arch
conventional impression consumes less
time objectively and favoured by both clinicians and participants over digital scanning (Mühlemann et al, 2019). Meanwhile,
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when medical and dental history as well as
preliminary diagnosis is achieved with teledentistry, chair side time can be reduced
consequently (Sailer et al, 2019). On the
other hand considered the novel medical
facial camera system as a clinically acceptable and reliable means to simulate
and measure 3D facial geometry, despite
inconsistency in measurements of few
particular facial landmarks which can be
avoided via manual calibration before digital measurement is done (Liu et al, 2019).
In conclusion, the COVID19 outbreak rings
the bell to apply protective measures at
dental/oral and other health professional levels, which must always be rigorous
against the spread of infectious disease; it
also offers saliva as a non-invasive diagnostic means (Sabino-Silva et al, 2020).
Moreover, health-care workers should be
monitored for onset of fever and respiratory symptoms. Once an entity is suspected, respiratory specimens should be
tested immediately. In addition to serum
antibodies that should be tested before
and after their exposure to COVID19 to
identify asymptomatic infections (Huang
et al, 2020) because clinically asymptomatic patients may represent an ‘occult’
source of respiratory viruses for nosocomial outbreaks; therefore, they should be
included in outbreak investigations (K. To
et al, 2019). Further investigation, is required to rule out other possible routes of
transmission (Zhou et al, 2020). Careful
surveillance is also necessary to monitor
the viral future host adaption, and evolution (Huang et al, 2020). Finally, prolonged
shedding of COVID19 after recovery raises
concern about its infectivity, transmissibility and pathogenicity (Rothe et al, 2020).
So, in order to continue protected dental
and oral surgical work, recent technologies
can be beneficial and it is important to improve and generalize these elements to be
cost effective for both patient and dental
work team.
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Abstract
Background Inferior alveolar nerve injury is the most serious complication of impacted
lower third molar surgery. Objectives This study aims to optimize surgical procedure
to safely remove wisdom tooth in contact or near the inferior alveolar canal and estimate the incidence of nerve injury in such cases. Methods and Methods this prospective controlled clinical study was implemented in Specialized Dental Center from
February 2018 to May 2019. The sample was composed of 100 patients divided into
two groups according to the distance of root apex from the inferior alveolar canal (the
predictive variable), For the study group, the root apex is in contact or ≤ 1mm from
the inferior alveolar canal (buccal, lingual, or above the canal or canal between roots).
For the control group the distance > 1mm. The primary outcome variable was inferior
alveolar nerve injury after surgery. Another study variable was nerve recovery. Descriptive and bivariate statistics were computed and the P-value was set at .05. Results The
study group involves 40 patients (18 males, 22 females) with a mean age of 23.5. The
Control group involves 60 patients (26 males, 34 females) with a mean age of 24.5.
There was a non-significant association between the distance of root apex to the inferior alveolar canal and paresthesia at p-value <.05 as revealed by fisher’s exact test
(p=.061). Conclusion The results of this study suggest that surgical removal of wisdom teeth with a close relation to the inferior alveolar canal is a safe procedure when
specific precautions and techniques are performed.

Keywords: Inferior alveolar canal; impaction; surgery;
wisdom tooth
Introduction
Third molar removal is the most common
surgery performed in the oral and maxillofacial field, and it can be associated
with some complications. Inferior alveolar nerve (IAN) injury is the most serious

complication of impacted lower third molar
surgery (Deliverska and Petkova, 2016).
The incidence of nerve injury is 0.4-6% as
reported by (Gu et al, 2018) and higher
incidence (11%) when the inferior alveolar canal (IAC) is in intimate contact with
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root apex (Smith, 2013). The injury can be
temporary and recovers within 4-8 weeks
or can be permanent with less than 1%
permanent numbness (Kim et al, 2012;
Xu et al, 2013; Sarikov and Juodzbalys,
2014). The main risk factor of nerve injury
is the distance of the apices of the roots
to IAC (Marciani, 2012; Guerrero, 2012;
Renton, 2013). Age of patient, the shape
of roots, impaction depth, and surgeon experience are other factors (Deliverska and
Petkova, 2016). Radiographical examination with an orthopantomogram (OPG) can
provide information about the increased
risk of nerve injury by revealing specific
positive predictive signs (Sedaghatfar et
al, 2005). In particular, Rood and Shehab,1990, reported that three of seven
classic radiographic signs are significantly
related to IAN injury, which is the diversion of the canal, darkening of the root
and interruption of the white line of the
upper border of IAC, but OPG remains deficient as it is the two-dimensional image
and the buccolingual position of the tooth
cannot be anticipated, in addition to image
superimposition, therefore, it is not reliable image to predict nerve injury (Smith,
2013; Hasegawa et al, 2013; Komerik et
al, 2014; Gu et al, 2018).
Cone beam
computerized tomograms (CBCT) imaging
provides cross-sectional (buccolingual),
axial, sagittal, coronal, panoramic views
and three-dimensional image so it is more
accurate than OPG and more reliable imaging technique to determine the actual
positional relation between root apex and
IAC (Neves et al, 2012; Shujaat et al,
2014; Gu et al, 2018). Mandibular third
molar with a close relation to the nerve
canal can be treated by coronectomy, orthodontic disimpaction, or sagittal split
osteotomy (Ahmed et al, 2011; Martin et
al, 2015; Cervera-Espert et al, 2016). But
despite this, coronectomy and orthodontic disimpaction have complications and
limitations. Coronectomy still carries the
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risk of nerve injury and need case selection with long and staged surgical procedure, Orthodontic intervention needs multidisciplinary approach and has limitations
such as complex surgical procedure, high
cost, and long follow up period (Ahmed et
al, 2011). This study aims to optimize the
surgical procedure for removal of wisdom
tooth in contact or near the IAC, estimate
the incidence of nerve injury, and determine the association between nerve injury
and distance of root apex to the canal.
Patients and methods
This prospective clinical controlled study
was approved by Al-Shaab Specialized
Dental Center institutional review board
(2018/55), and conducted in Al-Shaab
Specialized Dental Center from February
2018 to May 2019. A total of 100 patients
were included and divided into two groups
according to the distance of root apex from
IAC, 40 patients were in the study group,
and 60 patients were in the control group.
Inclusion criteria
Any patient with symptomatic lower wisdom tooth or surgical removal indicated
for orthodontic treatment. For the study
group, the root apex is in contact or ≤
1mm from the IAC (the root can be buccal,
lingual, above the canal or the canal passes between roots). For the control group
the distance > 1mm.
Exclusion criteria
1. Wisdom teeth associated with cyst or
tumor.
2. Irradiated mandible.
3. Revision lower wisdom tooth surgery.
4. Diabetic patient.
5. Root apex within the canal, or surround
it by more than 90◦.
6. Patients who refused the surgery due to
the expected risks.
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Preoperative assessment
Each patient was examined clinically and
radiographically. When there was a close
relation of root apex to the canal in the
OPG or another predictive radiographical sign such as diversion of the IAC, root
apex darkening, and deflected root apices,
CBCT was ordered for precise positional
assessment and estimation for the difficulty of the procedure. The parameters that
examined by CBCT were the distance between root apex and IAC, depth, angulation of the tooth, and the number of roots,
figure (1).
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ment to avoid a wide range of root movement near the canal. Consideration of the
root alignment with the canal during its removal is mandatory to avoid any impingement on the canal. Irrigation with normal
saline was done to remove any bone spicules. Suturing with 3/0 silk suture. Postoperative medications: diclofenac acid tablet
1*3.

Figure (2): Operative field after tooth
removal, the black arrow pointed
peripheral ostectomy.
Follow up and outcome measurement
The primary outcome which is nerve injury
manifests as paresthesia (spontaneous,
subjective, and not painful altered sensaFigure (1): Coronal CBCT slice inter- tion) of lower lip and chin was evaluated
pretations of the distance between depending on the subjective sensation of
root apex and IAC.
the patient. Patients follow up was done
from the second day after surgery, if there
Surgical procedure
is numbness in the lower lip and chin then
Under local anesthesia (Lignospan Special/ Prednisolone 5 mg 2*4 for 10 days taperSeptodont, France®) a full-thickness two- ing (Gatot and Tovi 1986) and neurorubin
sided mucoperiosteal flap was reflected. forte tablet 1*1, Suture removal was done
Whatever the classification of impacted at day 7 postoperatively. Further, follow up
wisdom tooth, passive removal of the tooth after 1, 2, 3, and 6 months depending on
is attempted by wide buccal and distal os- the persistence of paresthesia. Statistical
tectomy all around the crown, sectioning of analysis was done using IBM SPSS statisthe crown and/or roots if needed (depend- tics for windows, version 24.0 presented
ing on tooth angulation, root number, and as a percentage, and mean when approconfiguration) figure (2), exclude luxation priate. Fisher›s exact test was to measure
of the tooth by the figure-of-eight move- the association between nerve injury and
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distance of root apex from the IAC. Value with p<.05 was considered statistically
significant.
Results
A total of 100 patients were included in
this study. The study group involves 40
patients (18 males and 22 females) with
a mean age of 23.5. The Control group involves 60 patients (26 males, 34 females)
with a mean age of 24.5. Transient paresthesia was observed in three patients
(0.07%) from the study group, which is
nonsignificant as revealed by fisher›s exact test (p=0.061) figure (3). Full recovery was obtained in all cases (100%), after 1 week for two patients (0.05%), and
after 1 month for the third one (0.02%).
In the control group, no paresthesia was
observed in all patients.

Figure (3): Relation between distance
and IAN injury, which is not significant at p-value <.05.
Discussion
Surgical removal of the third molar with
a close relation to IAC is a safe procedure
when a specific surgical technique is done.
The risk of nerve injury can be minimized
by passive surgical removal that protects
the bony wall of the canal from pressure or
a direct injury. In this study; no paresthesia
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was reported in the control group (i.e when
the distance between IAC and root apex >
1mm), this agrees with (Bell, 2004) who
reported that no paresthesia encountered
in any of 300 patients who underwent surgical removal of lower wisdom tooth. On
another hand, several studies reported
the incidence of IAN injury after surgical
removal of lower third molar and the incidence was 0-8.4 (Cheung et al, 2010).
This may be explained by the fact that in
this study the distance between root apex
and IAC was >1 mm but the distance was
not recorded in all studies so the result was
not for a specific distance. Most mandibular third molars are not in intimate contact
with IAC so the surgery can be considered
as a safe procedure and no injury should
be anticipated (Bell et al, 2003). Also in
this study preoperative radiographical
evaluation by OPG was done and critically evaluate the distance between IAC and
root apex, the number, and configuration
of roots, so that any questionable tooth
with positive prediction singe was more
evaluated by CBCT that gave a chance for
more accurate surgical procedure and as a
consequence less Intra and postoperative
complications. Flanagan, 2012, reported
that there is 49% risk of nerve exposure
when there is clear contact of the apex of
the mandibular third molar with the IAC
on CBCT and he suspected that this will
be associated with 23% risk for the postoperative altered sensation of those cases
where there was CBCT apex–canal contact
and 37% risk for postoperative altered
sensation when nerve exposure clinically
happens. It is important to evaluate the
distance between root apex and IAC by
CBCT that allows for 3D view and spatial
configuration of the tooth that enables the
surgeon to decide the amount of bone removal, the need for tooth sectioning, to
determine the path of removal, to precisely measure the distance between root apex
and IAC, and to evaluate encasement of
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the IAC by the root. Smith, 2013, reported
a clinical study on 1,000 patients, extracting 1,589 impacted lower third molar teeth
and found that the lowest incidences were
seen (0.8%) and (0.9%) when the nerve
was either distant or close respectively depending on OPG, and the highest incidence
was (11%) when the nerve was categorized as intimate «the tips of the roots are
considered to be intimate to the IAC when
1 of the following 3 criteria are found: a.
Diversion of the ID canal, b. Darkening of
the root, c. Deflected root apices». In all
previously mentioned studies, the focus
was on the distance between root apex
and IAC and they documented the higher
incidence of injury in cases of close relation to the canal but in this study, it was
found that despite the close relation and
contact with IAC; nerve injury can be reduced to a minimum degree. In this study,
for the study group transient paresthesia
was observed in (0.07%) of cases which
is nonsignificant at p-value <0.05, this
may be explained by the fact that surgical
technique should aim to reduce pressure
on the canal as much as possible, modify the path of removal and the fulcrum
point that is affected by the shape of roots
and its relation to the canal by adapting
wide surgical exposure, bone removal and
tooth sectioning to allow withdrawal of
roots away from the IAC in that direction
that does not impinge on the canal without ignoring the experience of the surgeon
that of quite an importance in such cases.
Transient paresthesia that occurred in the
study group is not significant statistically
as well as clinically as full recovery of all
cases was obtained after one month maximally, this is in agreement with (Deliverska and Petkova, 2016) that reported that
96% of IAN injuries recover within 4 - 8
weeks after surgery. While (Smith, 2013)
reported that permanent nerve deficit was
0.4% when there is intimate contact with
the canal. Paresthesia may be due to post-
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operative edema at the surgical site that
causes pressure on the nerve and with
prescription of steroidal anti-inflammatory resolution of edema and recovery was
obtained in all cases. Another cause for
transient paresthesia may be hematoma
formation due to surgical intervention that
compresses the nerve (Hasegawa et al,
2013). In both situations, whether surgical
edema or hematoma occurs, the resultant
compression on the nerve will cause neuropraxia (focal demyelination) that affects
impulse conduction velocity (Menorca et
al, 2013). According to Seddon classification of peripheral nerve injury, IAN injury
is classified as neurapraxia, axonotmesis,
and neurotmesis (Seddon et al, 1943).
Paresthesia was transient and fully recovered as no neurogenesis encountered by a
surgical instrument, elevated root, or direct nerve injury by sharp bone specula of
IAC wall (Sarikov and Juodzbalys, 2014).
It is postulated that if the nerve remains
within the IAC and not displaced into the
socket or from the roof of the canal, it will
regenerate even if it is injured (Renton,
2013).
Limitation of the study
Small sample size due to patient refused
to accept the expected risk of nerve injury
especially in the asymptomatic tooth or
tooth extraction for orthodontic treatment.
Conclusion
The risk of IAN injury with close distance
between the root and the IAC is not high
and it is mostly of neuropraxia in nature.
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Abstract
Background In medical education, feedback plays an important role in the assessment
of the effectiveness of the adopted methods. Objectives This study was conducted
to evaluate two learning modalities followed in the achievement of an oral histology
course. Materials and Methods Eighty-three second-year students in the college of
dentistry in Ibn Sina University of medical and pharmaceutical sciences were assessed
for their attendance and scores in oral histology followed two different programs, only
seven of the total students’ number could not poll for their preference through a questionnaire. Results The study showed no significant difference in students’ scores of
both educational modalities, while there is a highly significant relationship of scores to
their attendance. Conclusion Students tend to prefer having both theoretical and practical sessions on the same day. However, students’ final course scores seem unrelated
to the educational modality. Further studies regarding the use of different educational
sources and their influence need to be considered.

Keywords: Learning modalities; oral histology; students based
evaluation; undergraduate dental students
Introduction
Learning is defined as both social and,
somehow, indescribable complex individual processes (Kelly, 2002). The complexity
of the process on the individual level might
explain the reason for different theories in
the learning style reported in the literature (Barbe et al, 1988; Gregorc, 2016;
Kelly, 2002; Kolb, 2007), which are in continuous development. The benefit of these
modalities has been assessed regarding
students’ abilities (Papadatou-Pastou et
al, 2018; Pashler et al, 2008; Riechmann

and Grasha, 1974). Most of these theories
are based on communication using different human senses (Coffield et al, 2004).
However, the recent development of different learning modalities. Medical learning is
no exception (Willingham et al, 2015). It
depends on accumulative information, acquired knowledge, investigation, and experience, as medical professions have both
theoretical and practical aspects. In this
sense, medical learning requires the implementation of multiple learning modalities
to suit a wide spectrum of students and
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to match their different abilities (Lilienfield
et al, 2010). This brought the attention
among academic researchers toward the
value of the different learning modalities.
Determination and assessment of learning
styles are still the subjects of controversy.
Some researchers believe there is inadequate evaluation of learning styles, and the
process needs a particular kind of studies
(Pashler et al, 2008), others showed that
it is difficult for the teacher to assess the
learning style of their students accurately
(Papadatou-Pastou et al, 2018). This might
reflect the paucity of studies in this field,
basic medical sciences learning outcomes
in particular. One of these basic medical
sciences is Oral Histology. It is an important basic preparatory module for dental
students. It provides a better understanding of dental and oral structures both in
health and disease conditions. This subject
needs to be provided in theory and laboratory to provide mandatory knowledge of
oral tissues (Avery and Chiego, 2006).
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dents were excluded. The students were
requested to answer some questions in Arabic (native) Language (Appendix I). Students were informed to provide their responses anonymously to ensure credibility.
The questions aim to compare students’
evaluations regarding the two learning
modalities. Students’ marks, attendance,
and credits regarding Oral Histology were
analyzed and compared with their evaluations for both modalities. The first modality considered students who receive their
practical session after theoretical module
immediately. Hence, their information approach based on repetition, whereas the
second modality when students attend the
practical lab after theoretical lecture few
days later. Thus, their refreshment is relying on memory and review. Statistical
analysis was executed using SPSS 25. ChiSquare was used to examine the correlation between categorical data; analysis of
variance (ANOVA) was used to compare
the means within groups of different sizes
(F-test). Pearson Correlation Analysis was
Aim of the Study
used to test the relationship between interTo assess students’ evaluation for Oral His- val variables. A p-value of less than 0.05
tology subject regarding two educational was considered the threshold for statically
modalities. The first one when theoretical significant results.
and practical sessions are provided on the
same day. The second when the practical Results
session is given a few days later.
The study sample of 76 participants consists of 27 males and 49 females with an
Materials and Methods
age range of 18-21 years (mean of 19.5
Eighty-three second-year students, College years). The male to female ratio was 1:2.
of Dentistry in Ibn Sina University, agreed The number of students according to their
to participate in this study. The study was willingness to attend theoretical and pracapproved by the Scientific Committee of tical sessions on the same day (modality
Ibn Sina University of Medical and Phar- -1) or few days apart (modality -2) and
maceutical Sciences in February 2019. All their response to each modality is shown
the participants were taught by the same in table 1.
lecturer and have the same teaching facilities during the study period. Of the total number of 83 approached students, 76
students completed a specifically designed
questionnaire for the study by the end of
the first semester; the remaining 7 stu-
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The majority of students agree on their
willingness to have theoretical and practical sessions on the same day. Also, most
of the students stated the benefit of this
educational approach, the other 12 students had no response were not listed in
the table. Students’ scores and attendance
during the semester are distributed in a
different manner in Table 2. Considering
that only one group receives the course in
(modality -1) and the other two groups in
(modality -2). Chi-Square Test showed no
significant relationship (p>0.05) between
the time interval of theoretical and practical sessions and the study behavior (study
the lecture on the day where it was given
or immediately before the exam). Students
who were absent five hours or more during the semester are excluded from both
groups. Considering the total hours in the
semester is 45 hours that means students’
absence may not exceed 9% of the total
hours (Table 3). As figure 1 shows, half
of the students attended both lectures and
labs equally. The vast majority of the other
half attends only oral histology labs leaving less than 5% attending the lectures
alone. Chi-Square Test showed a highly
significant relationship between the mode
of attendance and the time gap of theoretical and practical sessions (p<0.01).
As demonstrated in Figure 2, about half
of the students used the internet alone as
a learning aid in their study. This is followed by private experts, who refer to
family members, relatives, or friends who
can provide additional useful information
about different aspects of oral histology.
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Both web-based learning aid and expert
opinion were the information source for
over 5% of students. The remaining aids,
which include scientific materials provided by other academic institutes; both
academic institutes and web; and all the
available learning aides constituted about
6% of students. Chi-Square Test shows no
statistical relationship between the use of
additional learning resources and the time
gap between theoretical and practical sessions, the study method, and the preference of attendance (p>0.05). One-way
ANOVA showed no statistical relationship
between the study mode (behavior and
students’ scores. However, there was a
significant relationship (p=0.02) between
the absence hours and the students’ scores
(Pearson Correlation). Interestingly, Figure 3 revealed that most of the students
believed that the questionnaire was late,
whereas a third of them thought that the
timing for the questionnaire was suitable.
Less than 3% of students find it early.

21
Dr. Wajnaa Qassim & Dr. Faaiz Alhamdani

Discussion
Each medical subject needs specific learning modality to be approached (Vasquez
and Prieto, 2009). In this study, a mix of
teaching modalities including (power point
slides, microscope slides, video clips,
charts, and drawings) applied on a single
subject in one class for the first semester
depends on training materials in an authenticated syllabus. Oral histology was
chosen in this study as it forms an impor-
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tant basic science in dentistry and needs
to consider different abilities, imagination,
and especial conceptualization. Analysis of
students’ evaluation reveals that the majority of students preferred to receive both
theoretical and practical sessions on the
same day. This reflects the importance of
the repetition element with different approaches for better fixation and reinforcement. Despite that students prefer having
theoretical and practical sessions on the
same day; this does not seem to influence
the nature of additional learning resources.
This might reflect the importance of other
available educational resources. Considerable percentage of students benefit from
different learning aids, especially the web
might indicate the value of web available
images for different oral histological material, which can provide an important
learning alternative. Similarly, the learning modality does not seem to influence
the students’ scores. This, again, could be
attributed to the influence of other educational resources and not only by the
given educational modality. Hens, assessment method, alone, maybe insufficient
to reflect students’ level and feedback, it
rather assesses the memorizing ability of
students to the information received in a
short period rather than learning ability,
i.e. there is a shortage in the assessment
of accumulative information, acquired
knowledge, skill, and cognition. Having
two learning patterns without a perceptible
difference in students’ outcomes may indicate that the level of knowledge acquired
by students using academic educational
modalities is not enough. It might, also,
reflect the greater influence of other learning resources as learning aids. This could
explain why students’ evaluations and academic scores show no difference concerning their preferred approach for receiving
information. It appears that learning style
and the tendency toward specific learning
styles are inconsistent between students.
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This further indicates the psychological
influence may play a role in this aspect
(Pashler et al, 2008), as it forms with the
individual’s baseline on which the knowledge is built. Also, this ability, in turn, is
determined by natural and acquired factors, natural factors like intelligence quotient (IQ), perceptions, memory while the
acquired factors like attendance, refreshments, tests, life experiments, personal
experience, and language. The use of more
than educational resources, as shown in
this study agrees with the fact that there is
no conclusive evidence about which is better on students’ performance outcomes.
(Pashler et al, 2008; Vasquez and Prieto,
2009). There is agreement among psychologists on the fact that teaching should
follow the identified learning style for each
student (Pashler et al, 2008; Vasquez and
Prieto, 2009). Learning style is changeable
and depends on factors like circumstances,
status, and purpose (Carnell and Lodge,
2001). Students included in this study had
the freedom to choose their educational
sources. It is not uncommon that each individual has a different learning style (Willingham et al, 2015). There is a conflicting
opinion regarding this matter in the literature. Some argue that forcing students to
change their learning style may not improve the study outcome. Others, on the
other hand, believe the following students’
preferences may reduce their potential
learning skills. That is why new theories on
education rely more on a combination of
factors (Kolb, 2007). The fact that the majority of students found the questionnaire
timing to be late might reflect the need to
address the way oral histology material is
provided for the students.
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ity. Further studies regarding the use of
different educational sources and their influence need to be considered.
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Abstract
Background The high strength and fracture toughness of zirconia have supported its
extensive application in dentistry. For esthetic reasons, zirconia has been veneered
with porcelain. However, the fracture of veneering porcelain remains one of the primary
causes of failure. Objectives The present study aimed to evaluate the effect of different zirconia thicknesses on the shear bond strength of porcelain veneers. Materials
and Methods Twenty-one zirconia discs of 10 mm in diameter divided into 3 groups
according to the thickness of 1, 2, and 3 mm. According to manufacturer instruction
of porcelain buildup, the discs veneered to cylindrical porcelain of 5×3 mm of diameter and height respectively. Shear bond strength test (SBS) was conducted with a
crosshead speed of 1 mm/min. Data analyzed by One-way ANOVA, and LSD post hoc
test at (p ≤0.05). Results In this study, different thicknesses of zirconia discs show a
significantly affected on the shear bond strength to porcelain veneer. Conclusion The
increase in the thickness of the zirconia substructure provides a highly significant increase in the mean value of shear bond strength between zirconia and porcelain veneer.

Keywords: Porcelain veneer; shear bond strength; temperature
gradient; zirconia thickness
Introduction
The application of zirconium dioxide as a
substructure material for all ceramic-veneered restoration has become a relevant
replacement to conventional used metalceramic restoration due to its superior esthetic, mechanical, and chemical properties. Zirconia-based restorations of fixed
dental prostheses and crowns provide
benefits when compared with metal-based
restoration (Göstemeyer et al, 2010). Unfortunately, the porcelain veneer of zirconia restoration is susceptible to more
chipping due to the weakness of the zir-

conia-ceramic interface when compared to
the metal-ceramic interface. The chipping
of porcelain veneer on the zirconia core
has been stated to be 4 times than metal-ceramic over five years (Alhasanyah et
al, 2013). Experimental studies have proposed the possible causes of high porcelain
chipping rate such as the relationship between substructure thickness and the coefficient of thermal expansion; mismatch
coefficient of thermal expansion between
the zirconia coping and veneer ceramic;
and poor adhesion between ceramic and
zirconia coping (Tang et al, 2017). Ther-
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mal properties among (Y-TZP) and porcelain include the coefficient of thermal expansion (CTE), thermal conductivity and
diffusivity, and thermal tempering stresses
(Meira et al, 2013). It was demonstrated
that CTE of porcelain must be lower the
substructure, as the difference between
them is negative, the delamination of veneer may occur. Y-TZP balance from sin- Figure (1): Milling of zirconia specimens.
tering temperature to room temperature is
slow because it conducts heat lower than
veneer porcelain. It results in temperature
gradient during cooling (Lungareze et al,
2019); residual stresses may be induced
throughout porcelain veneer and influence
the bond-strength between them (Gostermeyer et al, 2010). Therefore, this study
aims to evaluate the effect of different
zirconia thicknesses on the shear bond
strength with a porcelain veneer.
Material and Methods
Zirconia specimen’s preparation
Zirconia blank was marked with a pencil
and sectioned with a cutting saw to form
cubic shape specimens. Each specimen was
glued into a custom made the fitting pin,
and then it was seated in the milling machine. The handpiece with a diamond cutting disc running at a high speed of 20.000
rpm after its securing to a movable holder of milling machine for free-movement
along the side of the zirconia specimen to
trim its shape from cubic to cylinder. The
same cutting disc was also used to cut the
zirconia horizontally to form a disc shape
specimen, figure (1). A larger dimension
was used to compensate for about 20%
of firing shrinkage, figure (2). Finally, all
zirconia specimens and according to manufacture instruction were sintered in a zirconia furnace (VITA ZYRCOMAT 6000 MS)
at 1450ºC for 80 mins.

Figure (2): Final shapes of zirconia specimens before and after sintering.

Specimens grouping
A total of twenty-one (21) disc shape zirconia specimens were prepared with a diameter of 10 mm, (Tabatabaian et al, 2019),
and then divided into three groups according to the thickness of 1, 2, and 3 mm,
(n=7). These discs and according to manufacturer instruction of porcelain buildup
were veneered with cylindrical porcelain of
5×3 mm in diameter and height respectively, (Mosharraf, 2011).
Application of porcelain veneer on zirconia surface
Before the application of the porcelain veneer (Vita VM9, base dentin, 0M1), a thin
layer of aqueous mixture layer (Washbake)
was applied in a thin layer to the dry clean
zirconia surface by using a fine brush.
Then, according to manufacture instruction, the firing takes place in a zirconia furnace. To obtain the desired dimensions of
veneering ceramic, a custom-made metal
mold was made for the application of por-
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celain at a controlled thickness of 5 mm
in diameter, and 3mm in height by using
the layered-technique. The porcelain powder and modeling liquid (VITA, Germany)
were mixed to produce the desired creamy
consistency of ceramic. Then the ceramic
was added into the mold using a brush.
The excess liquid was blotted with a tissue
and the veneering technique continued till
the mold filled. The first sintering was performed according to manufacture instructions. Yet, due to volumetric contraction
during porcelain sintering, the second layer
of dentin (VitaVM9, base dentine 0M1) and
enamel porcelain layer (Vita VM9, Enamel
ENL) were used in the mold and then vibrated, dried, and then fired according to
the manufacturer instructions. After complete firing, the dimensions of the veneering ceramic were measured by digital Vernia, and then adjusted by using a straight
handpiece and diamond bur. Finally, the
glazing layer was applied and fired following the manufacturer’s instructions.
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conia interface, with a chisel-shape shearing rode at a constant crosshead speed of 1
mm/min up to failure (Fischer et al, 2009).
The maximum force was recorded in (N),
and the shear bond strength in (MPa) was
considered by dividing the load (N) by the
surface area of bonded area (mm2) following this formula: Shear bond strength
(SBS) in MPa = force in (N)/ surface area
(SA) in (mm2), (Daud et al, 2017).
Statistical Methods
The study data analyzed via One-way ANOVA and LSD test at a confidence level of
95% and a significant P-Value of (p ≤05).

Results
In figure (3), the highest shear bond
strength mean value was noticed in the
group (C3), while the lowest mean value of the shear bond strength was in the
group (C1). In table (1), One-way ANOVA
revealed that there was a high significance
in shear bond strength among (C1, C2,
and C3), LSD in the table (2) showed that
Preparation of specimens for testing
there was a significant difference between
All zirconia specimens for shear bond (C1) group with (C2) group, and between
strength bonded onto a type IV hard stone (C2) group and (C3) group, also there was
block according to both studies by (Saka a highly significant difference between
and Yuzugullu, 2013; Lee et al, 2016). (C1) and (C3).
A custom-made square silicon mold was
also used for the construction of these
stone blocks. The block has a dimension of
20×20mm length and width respectively.
After that, all the specimens were glued
with cyanoacrylate resin (UHU Epoxy, Germany) and then fixed on the stone block
without applying any pressure, then left
for 24h for drying and complete polymerization.
Shear bond strength test
For the shear bond strength test procedure, the specimen was fixed tightly to the
lower jaw of the testing machine. The application of load was parallel to the long
axis of the specimens and at porcelain-zir-

Figure (3): Bar chart for means ofgroups.
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Table (1): One-Way ANOVA test for shear
bond strength among 1, 2, and 3 mm thickness of zirconia groups.

Table (2): LSD test among 1, 2, and 3 mm
thickness of zirconia groups (C1, C2 and C3).

Discussion
Different zirconia thicknesses could interfere with some properties of porcelain
because of the low thermal diffusivity and
conductivity of zirconia compare to the
metal (Lungareze et al, 2019). The relationship between the thickness of Y-TZP
and the thermal conductivity is may in reverse, that’s mean when porcelain veneer
fired on different zirconia core thickness
may not receive homogenous heat, as
porcelain veneer fired on thicker zirconia
received less heat. Whereas, the porcelain
veneer fired on thinner zirconia could receive more heat (Alwthinani, 2016). The
firing schedule of porcelain reaches the
maximum temperature in the range between 750ºC-1000ºC, and the ceramic becomes in a plastic state (Almeida Junior et
al, 2017). During the cooling of porcelain,
the physical properties of porcelain start to
change, and the transition starts from the
viscous-elastic state at an area above the
glass transition temperature (Tg) to solidstate at the area below the glass transition
temperature (Tg). As a result, thermal-residual stresses may occur along with the
veneering porcelain as a function of cool-
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ing rate (Fischer et al, 2007; Al-Amleh et
al, 2014) and without the application of
external load (Mainjot et al, 2012b). Such
residual stresses may occur throughout
the veneering porcelain either by a mismatch in thermal expansion or by thermal
gradient formed throughout cooling, or
both (Paula et al, 2015). The temperature
gradient may be affected by the cooling
rate, thickness, and thermal conductivity
of both porcelain and zirconia (Guazzato
et al, 2010). Lately, one of the published
studies explained that the bond strength
between the layers of the bilayered system is highly affected by thermal residual
stresses (Taskonk et al, 2005).
The findings of the present study could be
explained that the thicker zirconia of 2 and
3mm conserve more heat than that of a
thinner zirconia with 1mm thickness, and
consum time to reach room temperature.
The impact expected would be similar to
slow cooling, while thinner core would be
similar to rapid cooling (Lungareze et al,
2019). According to the manufacturer instructions, the long-term cooling of veneering porcelain is started at 600ºC (Vita,
Germany).
During the rapid cooling protocol of the
thinner restoration of 1mm thickness the
external surface of the veneering porcelain
becomes hard first and begins to contract
the result in compressive stresses. Whereas the internal surface remains in the
viscous-elastic state and at extreme temperature resulting in high tensile-stresses
when the system reaches room temperature (Paula et al, 2015). This technique is
expected-given that the temperature of
the internal surface of veneer porcelain still
above its glasses transition temperature
(Tg) leading to the temperature gradient
(the differences between the internal and
external temperature), (Swain, 2009). As
a result, thermal-residual stresses could
be blocked within veneering porcelain (Baldassarri et al, 2012; Meira et al, 2013).
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On the other hand, during the slow cooling protocol of the thicker restorations of
2 and 3mm thickness, the veneering porcelain seems elastic when the furnace has
been opened. At a temperature of 600ºC
below the glass transition of the porcelain
(Theoly et al, 2011), the external surface
of the veneering porcelain may show no
solidification behavior at first. This may
due to the absence of a temperature gradient between the internal and external
surfaces of the crown. Consequently, no
residual thermal stresses may exist in the
crown because of relaxation due to viscosity flow (Paula et al, 2015). Also, the residual stresses in the veneering porcelain
were closely related to the chipping failure and that slow cooling might reduce the
amount of tensile residual stresses (Tang
et al, 2017).
Since the cooling rate adopted in the present study was not considered as a variable, but, it could be assumed that the
thermal gradient in the specimens with
different thicknesses might have been affected differently to impact the residual
thermal stresses (Belli et al, 2012, Tan et
al, 2012). The positive effect of slow cooling may have an improvement effect on
the shear bond strength between zirconia
of 2.7 mm thickness and porcelain veneer.
The interface between veneering porcelain was different in concern to the cooling rate. In slow cooling, smaller porosities
are presented at the porcelain interface in
the veneering porcelain, while rapid cooling shows numerous large porosities in
numbers and sizes (Komine et al, 2010).
On the other hand, slow cooling may provide a negative effect on the shear bond
strength between veneering porcelain and
zirconia, as structure relaxation in veneering porcelain may occur and lead to the
generation of tensile stresses (Göstemeyer et al, 2010; Almeida-Júnior et al, 2013).
Moreover, as the thickness of the substructure of 100% from 0.3 to 0.6 mm in-
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creasing, the tensile stresses would be reduced by 42% respectively. Furthermore,
as this substructure thickness percentage
increase with an additional 50% from 0.6
to 0.9 mm, the stresses also decrease by
another 49% respectively (Proos et al,
2003). These results may in agreement
with (Mainjot et al, 2012a). They state that
during cooling, a vertical thermal gradient
may occur and could exceed 200ºC in a
sample with a typical thickness of 0.7mm
with veneering thickness of 1.5mm from
the surface to the crown inner, as it possible that the temperature may exceed
the Tg temperature of the veneer in some
areas locking stresses into porcelain. This
could in agreement with (Mainjot et al,
2012b; Lima et al, 2013). They stated that
the 1:3 zirconia to veneer ratio cause early cracks showing that a large amount of
porcelain veneer may cause shrinkage and
generated tensile-stresses which could be
perpendicular to the zirconia substructure.
As a consequence of the thermal gradient, a thicker layer of the porcelain should
be avoided because it may reduce the veneering resistance. After all, if the veneering porcelain becomes thicker, the brittleness may determine the future chipping
and fracture behavior in performance (Alhasanyah et al, 2013).
Conclusion
Within the limitations of the present study,
the increase in zirconia thickness with 2
and 3 mm may have the ability to improve
the shear bond strength (SBS) between
the veneering porcelain and zirconia substructure, however, further studies were
needed regarding other properties.
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Abstract
Background All-ceramic Fixed Partial Denture (FPD) restorations consisting of abutments, pontic, and connectors to link those parts together. Significantly, inappropriate
connector shape reduces the restoration’s strength and makes it susceptible to fracture
and affecting the biological health conditions. Objectives The purpose of present in
vitro study is to evaluate the flexural strength of all-ceramic FPD made from Yttriumstabilized zirconium oxide (Y-TZP) IPS e.Max ZirCAD, (Ivoclar Vivadent) with different
connector designs. Materials and Methods the specimens were designed into a bar
shape with the help of a special 3D designing program (Sketchup, 3D design software).
The connector of the specimens designed with two different radii of curvature designs
(Sharp of 0.3mm and Round of 0.6 mm); then, the workpiece order was transferred
to the CAM milling machine. After that, the specimens were sintered according to the
manufacturer’s instruction at (1500 ºC) for 6h. A universal testing machine was used
for testing the flexural strength of zirconia specimens with 3 points flexural strength
test with a crosshead speed of (0.5 mm/min). Data analyzed via One-way ANOVA and
LSD tests performed at a significant P-value of (p ≤0.05). Results After comparing
results, a highly significant difference was noticed between the control group (with
no constriction) and both sharp and round groups. While there was a non-significant
difference between that of sharp and round radius of curvature groups. Conclusion
Changing the connector design had a non-significant effect on the flexural strength of
the (IPS e.max ZirCAD) FPD restoration.

Keywords: CAD/CAM technology; dental Materials; fixed partial
denture; flexural strength; zirconia dental material
Introduction
Many different materials are used for the
construction of FPDs with 3 units or more.
Porcelain fused to metal is still known as
the standard materials used. It was found
that the survival rate is about 94% over 5
years. However, for esthetical reasons

other optional materials are available, such
as all-ceramic materials which include veneered zirconia, monolithic zirconia, monolithic lithium disilicate, and glass-infiltrated alumina (Heintze et al, 2018). Recently,
there is an obvious flourish interest in the
ceramic materials and systems for their
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unchallenged benefits such as the acceptable optical properties, good resistance to
fracture to the intraoral functional load,
and their bonding durability to the prepared tooth surface (Clausen et al, 2010;
Kang et al, 2013). On the other hand, the
fabrication simplicity of ceramic materials
had become another reason, as the last
10 years had seen the rapid growth of new
technologies along with the revolution of
dental restorative materials such as computer-aided design/computer-aided manufacturing (CAD/CAM), laser sintering and
3D printing. These advanced technologies
have had improved accuracy and reduced
production time (Attia and Kern, 2004;
Nassef et al, 2014; Zarone et al, 2016).
The restorative dentistry’s attention has
widely grown towards high strength zirconia material in the past decade (Fischer
et al, 2003; Kypraiou et al, 2012; Malkondu et al, 2016; Zhang and Lawn, 2018).
Zirconia is a highly dense polycrystalline
metal oxide ceramic block which has excellent mechanical properties than other
ceramic materials due to their flexural
strength (900-1200 MPa) and fractures
toughness (9-10 MPa·m1/2) (Rismanchian
et al, 2014). Thus, it can tolerate heavy
load-bearing areas, high occlusal forces,
and functional movements when it is fabricated as single crowns or as a fixed partial
denture (Kermanshah et al, 2012, SaranBabu et al, 2019, Sulaiman, 2020). Moreover, it offers many favorable properties
such as higher bending strength than conventional ceramic materials (Ogino et al,
2016), but the opacity is considered as a
serious matter of esthetic (Scherrer et al,
2017). However, despite the high mechanical properties of Y-TZP-based restorations,
clinical failures still occur due to insufficient
thickness of the framework and overloaded bruxism, and this mostly occurs at the
connector area of FDPs (Oh et al, 2002;
Hamza et al, 2016). Altering the connector
design is an important issue for the res-
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toration success (Rezaei et al, 2011); if
the connector is large it could result in esthetical and hygienic problems. However,
the greater the connector designed, is the
strongest (Murase et al, 2014; Akbarzadeh, 2019). The connector›s shape is considered an important factor for FPD success. The load-bearing capacity is highly
dependent on the radius of curvature at
the gingival embrasure, during loading a
small embrasure radii FPDs are subjected
to high-stress concentrations compared to
the FPDs with large embrasure radii (Bahat et al, 2009). Therefore, this study is
aimed to investigate the effect of changing
the connector design (radius of curvature),
on the flexural strength of all-ceramic (ZirCAD) FPD fabricated using CAD/CAM technology.
Materials and Methods
Specimens description
Bar-like rectangular shape specimens were
made from IPS e-max ZirCAD blank (Ivoclar digital, Germany), (LOT No. X08278).
The specimens were designed to resemble a 3 units FPD, based on the study of
(Plengsombut et al, 2009; Hamza et al,
2016). The dimensions of the specimens
were (30mm length × 4mm height ×
4mm width), Figure (1). Each bar specimen is having two parts with a constriction simulating two connectors and determining a pontic in the center with a length
of (10mm). The connector had a circular
diameter with a (7mm2) cross-sectional
area. Those connectors were designed
with two different shapes; one was a round
shape (0.6mm radius of curvature), and
the other sharp shape (0.3mm radius of
curvature), Figure (2) (Plengsombut et al,
2009, Hamza et al, 2016).

Figure (1): Specimens description.
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Figure(2): Connector design.

Specimens design
The specimens were designed with a special 3D design software program (Sketchup
3D design software, v 2016), the design
was produced in the form of an STL file
(Stereo-litheography) in which the CAD/
CAM system can understand. The specimen’s drawings were converted into the
3D design, ready for milling with CAD/CAM
machine.
Specimens grouping
21 bar shape specimens were divided into
3 groups according to the connector design. The first group representing specimens with no constriction served as a control group. The second group had a Round
connector design (R) with (0.6mm radius
of curvature) and the third group had a
Sharp connector design(S) with (0.3mm
radius of curvature).
Specimens fabrication
Partially sintered zirconia IPS e.Max ZirCAD, Ivoclar Digital blank (Yttrium-stabilized zirconium oxide for CAD/CAM technology) was used for the fabrication of
specimens. The zirconia blank was with
low translucency (LT) and (A2) shade,
the diameter was (98.5mm2) and (14mm
height).
Entering STL files to CAD system
A new workpiece was entered into the CAD
software by determining the material’s
blank type which was Zirconium Oxide,
followed by blank information such as di-
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mension and serial number. After that, the
specimens STL files were inserted into the
program, and the milling type was determined as a full anatomical milling option.
The next step was adjusting the virtual
specimens in the correct positions till they
fit and fill the size of the zirconia blank. After that, place the supporting bars on the
sides of the specimens to hold them within
the blank during the milling process. The
specimens were designed to actual sizes
with no enlargement, as The CAD/CAM
system used was able to enlarge the zirconia specimens with optimal size to compensate for the shrinkage after sintering.
Transfer the workpiece to CAM system
The workpiece order was transferred to the
CAM machine. zirconia blank was attached
to the dry milling machine of 5 axis milling
device (vfn camfacture AG, Lettenstabe
10-DE-72119 Ammerbuch, K5 Impression,
88 Mill-Five S, Germany, 2016), giving a
possibility for milling the complicated geometries with subsections and fine details
(Beuer et al, 2008; Yau et al, 2016).
Milling process
10 specimens were produced by each ZirCAD blank. The milling was started by cutting the outline of the specimens, then,
the details of the connector’s designs were
milled at both ends of the bar by (10mm)
distance between them. The diamondcoated cutter tools were changed from a
larger size to the finest and smallest according to their function to produce the
required design and details accurately
(Hamza et al, 2016).
Detaching, cleaning and sintering
After milling, the specimens were detached
carefully from the ZirCAD blank frame
by using a handpiece device (Marathon3dental handpiece, Korea) with a diamond
disc, for cutting the supporting bars (IvoclarVivadent, 2019). The specimens were
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cleaned carefully with a soft brush to remove any zirconium oxide traces left on
the specimens. The specimens were sintered according to the manufacturer’s instructions at (1500ºC) for 6 hours with a
ceramic furnace (Zubler Gerätebau GmbH,
Germany). Normally, the zirconia specimens’ dimensions were shrunk about 2030% after sintering (Ahmed et al, 2020).
Then, the entire bar access parts were removed by using a handpiece device with
light pressure and low speed. It was possible to remove them immediately after
detaching the specimens from the blank’s
frame but, non-sintered zirconium oxide
specimens are susceptible to an unexpected defect that may occur during the working procedure (IvoclarVivadent, 2019).
The dimensions of the specimens were
checked and measured with an electronic
caliper for the verification of their accuracy
and to make sure that they were ready for
flexural strength testing.
Three point flexural strength test of
the zirconia specimens
The universal testing machine (LARYEE,
50kn, China, 2012) was used for testing
the 3 points flexural strength of the specimens. The center of the pontic and abutment was marked accurately, and then
the specimens were placed on the testing
jig. A vertical loading force was applied
by a steal rounded chisel with a diameter
of (2mm) and the crosshead speed was
(0.5mm per minute) at the center of the
pontic and the connectors were supported around the center of the loading point
(Hamza et al, 2016). The flexural strength
was recorded with Mega Pascal (MPa) automatically by the testing machine computer software. The following formula of
3 points flexural strength test used was
(Kopeliovich, 2012).
σ = 3FL / 2wd2

When
plied,
is the
depth

F means the maximum force apL is the length of the specimen, w
width of the specimen and d is the
of the specimen.

Statistical analyses
Data analyzed using One-way ANOVA and
LSD tests with a significant p-value of (p
≤0.05).
Results
Table (1), (2), and figure (3) showed the
results of flexural strength of ZirCAD specimens with different radius of curvatures.
After comparing the results of flexural
strength, a highly significant difference
was noticed in the flexural strength between the control groups and both Round
and Sharp connector design groups according to both ANOVA and LSD test (p
≤0.01). While there was a non-significant
difference between sharp and round connector design groups according to the LSD
test.

Figure (3): Bar-Chart showing the mean
value of the 3 points flexural strength
according to connector’s radius of
curvature (design).
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Table (2): LSD test for multiple comparison of the flexural strength according to
connector’s radius of curvature.

Figure (4): SEM demonstrating the
stress origin and hackle radiations in
the fracture surface of zirconia specimen (magnification, ×200).

Table (1): ANOVA test comparing the flexural strength according to connector’s radius of curvature.

			

Discussion
Generally, all fixed prostheses are subjecting to compressive and tensile forces during function, and the area of the fracture
risk is usually the connector area. When
the force is applied directly to the FPD it
will be under flexural-compressive loading
occlusally with a concentration of tensile
stress gingivally. Therefore, the design of
the connector’s area can be altered to improve the ability to withstand the loading
forces (SaranBabu et al, 2019). The design of the specimens used in this study
was similar to the design used by (Plengsombut et al, 2009) and (Hamza et al,
2016) according to the standardization of
ceramic flexural strength test, including
the use of bar-shaped specimens with two
constrictions on either side representing
the connectors with two different designs
(sharp of 0.3mm and round of 0.6mm).
This study concluded that there was no
significant difference between the group
of the connector with a round radius of
curvature (0.6mm) and the group of the
connector with a sharp radius of curvature
(0.3mm), suggesting that these results can
be due to the stress distribution pattern,
as (Oh et al, 2002) concluded. The material thickness at the proximal area helps to
distribute stress, it is important for stress
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magnitude (Miura et al, 2017). Also, the
zirconia material can dissipate the stress
(Lakshmi et al, 2015). Therefore, fracture
lines and stress were diffused in a larger
area, resulting in uniform stress distribution and increased fracture strength (Kermanshah et al, 2012).
The sharp connector design acted as a
macroscopic flaw (Oh et al, 2002) and it
doesn’t affect the stress concentration directly, but the microscopic scratches and
sharp defects are the main reason for the
initiation of crack sites (Kypraiou et al,
2012). The stress distribution depends on
the fabrication technique and treatment of
the framework, and as it is already known
that the CAD/CAM is responsible for the
most surface flaws, damages, and microcracks within the framework during the
process of milling (Kypraiou et al, 2012;
Ogino et al, 2016; SaranBabu et al, 2019),
this is more significant especially in the ceramic materials which are brittle and containing various sizes and orientations of
cracks and flaws, (Rezaei et al, 2011).
The results of this study were disagreed
with (Hamza et al, 2016) in which their
studies showed a significant difference
between the sharp and round radius of
curvature of all zirconia FPDs. concluded
that the stress concentration decreased in
connectors with a broad curvature compared to the connectors with narrow curvature (Nassef et al, 2014; Rismanchian
et al, 2014; SaranBabu et al, 2019). On
the other hand, Those results were agreed
with (SaranBabu et al, 2019) in which
their study found that there was no significant difference between sharp (0.25mm)
and round (0.45mm) gingival radius of
curvature at the stress distribution. And
also agreed with (Akbarzadeh, 2019) who
found that there was no significant difference in failure load of the group with (12
mm2) cross-sectional area made with a different embrasure design.
The current study didn’t show a significant
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negative effect in the sharp connector design compared to the round connector design, this can be due to the transformationtoughening property of ZirCAD material,
which gave it the ability to withstand the
catastrophic force and also making it less
affected by the sharp connector milling
procedure (Plengsombut et al, 2009).
The fracture pattern of all specimens with
Sharp connector design was less angulated toward the pontic area than specimens
with Round connector design; this was
agreed with (Fischer et al, 2003; Attia and
Kern, 2004; Clausen et al, 2010; Hamza
et al, 2016).
They found that the stress level decreased
with smoother and less angled connectors.
Thus, it can be possible to explain the different fracture directions in each connector
design in the current study. The Scanning
Electron Microscope (SEM) demonstrated
a brittle smooth fracture surface, without
significant plastic deformation prior to failure (Hamza et al, 2016).
The critical flaws and fine hackle radiating outward perpendicularly to the tensile stress representing the failure origin.
Thus, the tensile stress direction causing
the fracture can be identified (Scherrer et
al, 2017). Fracture occurred in an area of
high stress concentration. When the stress
increased the crack propagation action increased until it reached a level at which
the crack continued to propagate without
any additional stress (catastrophic failure),
Figure (4) (Hamza et al, 2016).
This study suggests that, the laboratory
technician could have the opportunity to
design a connector area with sharp or narrow radius of curvature without affecting
the strength of the restoration in the areas
with enough occluso-gingival height, especially at the regions with limited spaces for
increasing esthetic and function.
Conclusion
According to the results of the current
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study, it had been concluded that the de- ed restorations. British dental journal, 204,
sign of the connector showed a non-signif- 505. https://doi:10.1038/sj.bdj.2008.350
icant effect on the flexural strength of the
(IPS e.max ZirCAD) FPD restoration.
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Abstract
Background The development of polymers in chemistry produces alternative materials to poly-methyl-methacrylate (PMMA) such as polyamides (nylon), acetyl resins, and
epoxy resins. Polyamide denture base materials are more flexible than the commonly
used (PMMA). The use of denture adhesives is suggested to achieve proper retention
and stability of the removable prosthesis. Therefore, surface properties as the microhardness with the application of denture adhesives were recommended. Objectives
Investigating the effect of denture adhesives on surface properties of both polyamide
and heat-cured acrylic denture base material. Materials and Methods A total of 42
disc specimens with a diameter of 15mm and thickness of 2mm were prepared and
divided into two Polyamide and heat-cured acrylic resin major groups of 21 specimens
each (n=7). Each main group is subdivided into three subgroups according to the immersion process (distilled water, denture adhesive, and the control of non-immersion
agent). Specimens were stored at 37°C in an incubator for the remaining 16h for 30
days. Micro-hardness was measured using a Vickers micro-hardness test under a 0.9N
load for 10 seconds. The data were achieved then statistically analyzed using ANOVA
and independent T-test. Results Among the studied groups for both heat cured and
vertex denture base materials the results indicated that there were highly significant
differences. The independent T-test showed that significant differences were between
the tested groups for heat-cured and vertex group specimens (P<0.01), except that
between the denture adhesives groups (p>0.05). Conclusion The results showed that
the heat-cured acrylic specimens had a lower mean value of micro-hardness after immersion in denture adhesive. While the polyamide specimens had a higher mean value
following the addition of denture adhesives.

Keywords: Denture adhesive; denture base material; micro-hardness; heat-cured acrylic; polyamide
Introduction
Polymethylmethacrylate (PMMA) resin has
commonly used as a denture base material
due to its desirable properties of excellent
aesthetic properties, sufficient strength,
low toxicity, low water sorption, and solu-

bility, simple processing techniques, and
easy repair. However, it has some issues,
like polymerization shrinkage, lower impact strength, weak flexural, and low resistance to fatigue (O’Brein, 2008; Abuzar
et al, 2010; Vivek, 2016). Recently, ther-
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moplastic resins like polyamides or nylons
became a common substitute to PMMA
resin because of their appropriate chemical
and physical characteristics (Al-Dharrab
and Shinawi, 2016; Shinawi, 2017; Ozyilmaz and Akin, 2019) Such materials are
biocompatible and have unique aesthetic
and physical properties that offer unlimited design versatility and eliminates the
concern regarding acrylic allergies (Lowe,
2004; Mekkawy et al, 2015). Nylon based
(polyamide) is a flexible material of dental
base characterized by its flexibility, nearly unbreakable, pink in color resembling
gum, and can form the denture base and
clasps with quite thin built. Besides that,
it’s lightness in weight gives comfort to the
patient. The thermoplastic material has a
special character of not chemically bond,
but mechanically with any of porcelain or
acrylic materials (Prashanti et al, 2010;
Kurt et al, 2012; Al-Takai, 2014; Shah et
al, 2014). Denture adhesive material utilizes to assist the adherence of a denture
to the oral mucosa (Dent, 2005; Pachore
et al, 2014). As they are properly used,
they provide benefits to the patients in improving denture fitting, comfort, psychological security, and functional efficiency
(Shankar, 2010; Fernandez et al, 2016).
Although the denture adhesives significantly improve the patient confidence and
performance of removable denture; their
uses should not be considered to compensate for the defects of denture prosthesis.
Therefore, the patient should use the denture adhesive only on dentist advice. On
the other hand, the dentist should provide
the patient with full instructions regarding
precautions and the right usage of denture
adhesives (Kumar et al, 2015; Ibraheem
and Hammad, 2019). Denture adhesives
came in different forms as soluble adhesives pastes, powder, and creams, and also
as insoluble adhesives like. strips (Pradies
et al, 2009, Chowdhry et al, 2010; Sampaio-Maia et al, 2012; Ibraheem and El-
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sisy, 2019). The denture adhesives should
be non-irritant, non-toxic, odorless, biocompatible with the oral mucosa, and
tasteless. They also should retain the adhesive properties for 12-16h, in addition to
not enhancing the microbial growth (Sampaio-Maia et al, 2012; Duqum et al, 2012).
Denture adhesive or soft lining materials
might be used to a certain degree for patients with denture stomatitis (Kim et al,
2003). The water absorption as well as the
porosity of such materials could affect the
surface hardness inferiorly (Azevedo et al,
2005; Utami et al, 2009; Golbidi and Asghari, 2009). Surface micro-hardness may
provide an impression regarding the density of any material since dense substances
frequently should have a high resistance
to superficial weariness (Jo et al, 2011;
Ibraheem and Hammad, 2019). There
were few published studies regarding the
denture adhesives effect on the microhardness of thermoplastic polyamide flexible base material and heat-cured acrylic
resin. Therefore, this study was performed
to evaluate the effect of denture adhesive
on the surface micro-hardness for both
polyamide and heat-cured acrylic denture
base materials.
Materials and Methods
Material
In this study, the Fittydent cream was utilized (Austria). The thermoplastic injection
molded for flexible resin (vertex, Netherlands) and heat-cured acrylic were used as
well, (vertex, Netherlands).
Specimen fabrication
A total of 42 disc specimens of 15×2 diameter and thickness respectively were prepared using a metallic matrix to create the
specimens wax patterns as shown in figure
(1), (Goiato et al, 2010). Two main groups
for Polyamide and heat-cured acrylic resin
were subdivided into 3 subdivisions (n=7)
according to the immersion process in ei-
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ther distilled water, denture adhesive, or
the non-immersion group (control). The
PMMA specimens were fabricated according to the manufacturer’s instructions regarding both molding and thermo-pressing techniques. After the thermo-injecting
process, the flasks cooled down for 15min
at room temperature. Then, they deflasked
and finished as shown in figure 2 (A and
B). The prepared disc study specimens
checked for the absence of any nodules,
bubbles, or porosity, and those observed
with defects were discarded. Before the
testing procedure, the specimens were
stored in distilled water at 37°C for 7 days
for residual monomer elimination. Finally,
all the specimens were dried, finished, polished, numbered, and labeled.
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Denture adhesives preparation
According to the pilot study, the prepared
denture adhesive material (Fittydent
Cream) was diluted with distilled water by
a ratio of 1g/6ml in a closed glass tube, at
a pH of 5.6 using a pH meter. Each specimen was individually immersed in glass
containers containing distilled water, the
immersion time was 16h/day, and stored
in an incubator at 37°C, next rinsed under running water, then dried gently. After that, specimens were stored in distilled
water for 8h at room temperature, and the
distilled water was changed every day for
up to 30 days. The procedure was applied
for the diluted adhesive material and for 30
days as well. Finally, the micro-hardness
for each group of specimens was measured (Ibraheem and Hammad, 2019).

Micro-hardness test
A digital micro Vickers hardness tester was
utilized to measure the micro-hardness. A
load of 0.49N for 10 seconds was applied
for all specimens (Goiato et al, 2010). Each
specimen was gently dried and then three
indentations were made and the average
Figure (1): Metal mold for wax disc speci- was calculated for each specimen. The first
reading was immediately achieved after
men fabrication.
specimens› preparation, while the second
measured after 30 days of immersion procedure.
Statistical analysis
Statistical analysis was performed with
the SPSS statistical package. The mean,
standard deviation, and standard error of
micro-hardness data for the study groups
were calculated using descriptive data
analysis. Furthermore, the comparison
was performed using the Student`s t-test.
Figure (2): A. Heat-cured specimens. B.
Vertex specimens.

Results
The results indicated that the highest mean
value of hardness was obtained in the control group while the lowest mean value
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Discussion
Denture adhesive provides relief and additional trust for the patient and that by
increasing the adhesive and cohesive and
decreasing the void which may be observed between the denture base and the
underlying ridge (Pachore et al, 2014).
Kumar et al, (2015) stated that the cushioning effect of denture adhesives reduced
the pressure and friction transmitted to the
underlying mucosa. The surface hardness
of flexible denture base materials is important because their durability, serviceability,
and longevity are affected during function
(Shah et al, 2014). Polymer surface micro-hardness had been investigated using
different in vitro methods (Ibraheem and
Hammad, 2019). The result of this study
showed that there were highly significant
differences in surface micro-hardness of
both heat-cured acrylic resin and polyamide denture base material before immersion, at the baseline or the control group.
Higher hardness value was observed to
the conventional acrylic resin of the control group in comparison to polyamide and
Table (1): ANOVA- LSD test showing
the micro-hardness of the experimental this may be attributed to the higher fiber
content and low elastic property in congroups.
trast to the conventional type (Shinawi,
2017). The result is coinciding with Utami
et al, (2009) when they reported in their
study that the micro-hardness of nylon
resin is less than that of the PMMA. One
of the causes for this result is probably
the porosity; this may in line with Illmide
that indicated thermoplastic nylon resin
porosity higher than heat-cured acrylic
resin. The mean value of micro-hardness
for both types of acrylic resin revealing a
high-significant difference in distilled water and this result for heat-cured PMMA.
This could due to the cross-linking material that enhances the surface hardness and
reduces the water absorption amount of
denture base. Polymeric dental material is
Figure (3): Mean value of micro-hardness
characterized by water sorption phenomfor heat and vertex denture base mateenon which decreases their surface microrial.
was in the adhesive group as illustrated in
Table (1), and Figure (3). One-way ANOVA
test demonstrated a highly significant result among some studied groups. Highly
significant differences were reported between the control group and that of adhesive group, and the distilled groups, and
that of the adhesive group (p<0.01). In
contrast, no significant differences were
observed between the control group and
that distilled group (p>0.05) as shown in
(Table1). For Flexible materials, the greatest mean value was obtained in an adhesive group of (11.951) whereas the lowest
mean value was in the control group as presented in Table (1), and Figure (3). No significant differences were noticed between
the control and distilled groups (p-0.05).
In contrast, highly significant differences
were observed between the control group
and that of the adhesive group (p<0.01).
In addition to the above observations, significant differences (p<0.05) were shown
between distilled and that of the adhesive
group as shown in the LSD test Table (1).
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hardness as a result of excessive hydration debonding their filler matrix and also
the absence of cross-linking biofunctional
resin that could enhance the softening effect of the solvent (Mekkawy et al, 2015;
Ibraheem and Hammad, 2019). The present study results may in agreement with
the work of Utami et al, (2009) who concluded that the micro-hardness of nylon
polyamide resin was less than the PMMA.
The two- days soaking in water is intended
to find out the effect of water absorption
on surface hardness nature in polyamide
nylon resin and the PMMA resin. This is the
possible reason to describe the reduction
of surface hardness of acrylic resin after
soaking in water, as it gives a plasticizer
effect to the resin. Lower surface hardness
in the nylon resin compared to PMMA resin
after two-days of soaking was affected by
the higher porosity in the thermoplastic
nylon resin. On the other hand, a non-significant difference was observed in mean
values of surface micro-hardness after immersion in denture adhesive when compared between both the heat-cured and
polyamide resin denture base material.
Since the hardness of heat-cured acrylic
resin was decreased after immersion in
diluted denture adhesive solution, this
could be attributed to monomer leak out
from resin matrix and/or the molecules
diffuse from solution into resin and form
aside group chain. These two chemical reactions of diffusion and leaching out result in the softening of the resin (Shinawi,
2017). While micro-hardness of polyamide
increased after immersion in denture adhesive and this may be an outcome from
the condensed polymerization of nylons
resin giving an aliphatic chain which is
free from cross-linking and with a complex
crystalline molecular structure of nylon
matrix that prevents the entrance of the
molecules into the nylon matrix (Shinawi,
2017). The current results may disagree
with Ibraheem and Hammad, (2019) who
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found that a decrease in micro-hardness
values of flexible denture base material after the immersion for one month, and in
two different denture adhesives. And this
could be attributed to a liquid/powder ratio
which is the monomer/polymer ratio with
the presence of such cross-linking agent
(methyl-methacrylate) will affect surface
hardness.
Conclusion
After one month of immersion in denture
adhesive, the micro-hardness of heatcured acrylic was decreased while it increased for polyamide denture base material.
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