
1

Volume 8, Issue 2, 2021Dr. Noor A. Sulaiman,Dr. Ziad H. Deleme, & Dr. Abdul Hameed N. Aldabagh



2

Volume 8, Issue 2, 2021Dr. Noor A. Sulaiman,Dr. Ziad H. Deleme, & Dr. Abdul Hameed N. Aldabagh

Current Management of Vascular Malformation in the 
Craniomaxillofacial Region in Pediatric Patients 

(A Review Article)

1Noor A. Sulaiman, FIBMS, 2Ziad H. Deleme, FIBMS and 3Abdul Hameed N. 
Aldabagh, PhD
1, 2, 3Department of Oral and Maxillofacial Surgery, College of Dentistry, Univer-
sity of Mosul, Iraq.
Corresponding Author: Noor A. Sulaiman
Email: noorabdullah@uomosul.edu.iq

Received July 01, 2021.
Accepted for publication on July 26, 2021.
Published August 11, 2021.

Abstract
Vascular malformation is a group of congenital anomalies of blood or lymphatic vessels 
that can be presented at any part of the body, each of which has specific morphology, 
characteristics, clinical presentation, and management. This article review concentrated 
on the recent management of these anomalies especially in the craniomaxillofacial area 
in the pediatric age group with focusing on any updating in treatment. Various treat-
ment modalities have been suggested. Conservative therapy including the use of laser 
and cryotherapy are preferred methods in managing CVMs cases. Surgery is regarded 
as a complementary modality of other ways.

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

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

Vascular anomalies are a group of con-
genital anomalies due to the presence of 
abnormal vascular growth (Mulliken and 
Glowacki, 1982). These anomalies do not 
exhibit augmented endothelial formation, 
but the classification is done concerning 
the main present nature such as capillaries 
anomalies, lymphatic anomalies, venous 
anomalies, arteriovenous anomalies, and 
complex anomalies for example capillary 
lymphatics-venous abnormality (Marler 
and Mulliken, 2005). Vascular malforma-
tions (VM) are always present at birth (con-
genital) and occasionally prone to growth 
owing to triggering stimuli likes trauma, 

endocrine alterations (sexual maturity, 
gestation), contamination, or iatrogenic 
disturbance (biopsy, surgical interven-
tion). Despite their dissimilar pathologic 
process, both vascular tumors and VM 
present resemblances in their diagnosis 
and treatment (Theologie-Lygidakis et al, 
2014). Congenital vascular malformations 
(CVMs) have an infamous repute because 
of their diversity, with an extensive clinical 
appearance from a simple nevus to dan-
gerous sequelae comprising developing 
fragments in the fetus of a developmental 
fault. also associated with high illness fol-
lowing conservative treatment. The unfor-
tunate outcomes of dealing with modalities 
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of inappropriate planning management 
policies and an inconsiderate method. Re-
appearance also presents a part as devel-
oping fragments of fetal CVMs retains their 
progressive activity. Catastrophic medical 
skills have permitted inaccurate prejudg-
ment regarding the management of CVMs 
(Lee, 2005). In this article, we try to de-
tect the most recent treatment modalities 
for these lesions.

Classification
Mulliken and Glowacki, 1982 considered 
the histological, biology, and clinical ap-
pearance as a parameter for classifica-
tion. Old-style terminology of these vari-
ous CVMs based mainly on name-based 
eponyms such as (Klippel–Trenaunay Syn-
drome, Parkes–Weber Syndrome) add 
more misperception, the suitable classifi-
cation of (CVMs) has been established to 
deliver appropriate and etiological, anat-
omy, pathophysiology, histology, and em-
bryological data with hemodynamic data 
(Malan, 1974), (Belov, 1993). A category 
was issued depend on an agreement for 
CVMs detained in Germany by the Interna-
tional Society of Study of Vascular Anoma-
ly (Belov, 1993), (Belov, 1999). They cate-
gorized CVMs depend on the main vascular 
fault “arterial, venous, AV arteriovenous, 
shunting, lymphatic and combined” Each 
one was additionally categorized into trun-
cal (T) and extra truncal (ET) variety, re-
garding the embryonic period of devel-
opmental arrest. ET type grows earlier at 
the reticular stage (Lee, 2005). T type de-
veloped from a later period of an embry-
onic lifetime. And also classified into (hy-
poplasia, aplasia, hyperplasia, stenosis, 
membrane, and congenital spur) (Belov, 
1993), (Belov, 1999).  We adopted this 
modified Hamburg Germany classification 
(Lee, 2005). Low-flow Malformation: Cap-
illary Malformation: Capillary malforma-
tions on the face are commonly connected 
with “Sturge-Weber syndrome (port-wine 

stains)”. Usually found on facial skin 
spreading with branches of the trigeminal 
nerve (Mahady et al, 2015). CMs should 
be distinguished from other lesions such 
as nevus flamemeus neonatorum “salm-
on patches”; these pinkish color lesions 
(nevus flamemeus neonatorum) situated 
on the posterior aspect of the neck, fore-
head region, eyelids, or lips “angel kiss-
es” (Ortega et al, 2005). Venous malfor-
mations: VMs are the common type one, 
sluggish growing, restricted or diffuse and 
in general presentation (Cruz et al, 2015) 
and appear as soft, ballooned, compress-
ible, blue color soft skin lesions on either 
the skin or mucous membranous, Soft tis-
sue lesions are located most frequently on 
the face, (Redondo, 2004). Lymphatic mal-
formations: lymphatic malformations (LM) 
are an abnormal growth of the lymphatic 
system of unidentified cause (most of the 
cases). Nearly 50% of the lesions are pre-
sent at birth, nearly 90%, are recognized 
by two years of age (Okazaki et al, 2007). 
It corresponds to extratroncular lesions 
which are usually symptomless with no 
problems (i.e. Intralesional bleeding, in-
fections, lymphorrea). When it affects the 
oral lining, tongue, maxilla, mandible, or 
neck. They can also cause cosmetic conse-
quences, difficulty in breathing, difficulty 
in speaking, difficulty in swallowing, and 
hemorrhage (Wittekindt et al, 2006 and 
Hamoir et al, 2001). If it affects the eye 
area, proptosis, strabismus, or blindness 
may occur (Lee, 2008). Extratroncular LM 
can directly or indirectly disturb jawbone 
metabolism (Gorham syndrome), Troncu-
lar LMs apparent as primary lymphedema, 
of premature, early, or late-onset (Elluru 
and Azizkhan, 2006). High-Flow Malfor-
mation: Arterio-venous malformations:  
are distinct by the occurrence of a strange 
vascular system (nidus) linking the arte-
rial and venous system together, with no 
effects on the capillary system. The head 
with neck areas is the most common site 
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for extra-central nervous system AVMs. 
(Redondo P. 2004). False Maxillofacial Vas-
cular Malformations: Sinus Pericranii (SP): 
It has been numerous definitions (Pekko-
la et al, 2013). The last one is “an emis-
sary vein with increased subgaleal drain-
age (instead of an interperiostodural, i.e. 
sinus drainage). Clinically, it will exist as 
a midline lesion, (Gandolfo et al, 2007). 
Idiopathic Facial Vascular Dilatation: In 
symptomless cases with distended facial 
veins commonly in the nasoorbital area 
with an accompanying bruit, an MRI im-
aging must do to exclude intracranial AV 
shunt or a sinus venoocclusion. Such cas-
es are observed in children and young kids 
(Redondo P. 2004). Diagnosis: For reach-
ing the accurate definitive diagnosis for 
these very similar clinical cases, clinical 
suspicions with aid of some investigations 
like different complementary tests, Dop-
pler ultrasound, and plethysmography, 
echo-duplex. Imaging which comprises 
plain radiography, MRI, CT scans angio-
graphic examination, phlebographic study, 
lymphangiography, and nuclear medicine 
imaging like lymphangio-scyntillography 
and full-body gammagraphy, also included 
with the others (Kolokythas, 2015). Man-
agement: as shown in table (1), the chief 
goal in the management of all CVMs is the 
improvement of the hemodynamic conse-
quences (Kolokythas, 2015). (Szilagyi et 
al, 1965) reported: “no surgical treatment 
should be directed in the management of 
any CVM and it should be considered as 
a palliative measure only in cases where 
the benefits far outweigh the risks because 
CVMs cannot be cured through any sur-
gical procedure”. This commendation was 
a rule for many years but this concept of 
incurability had been altered (Kolokythas, 
2015). (Lee et al, 2004) recognized the 
commands to the management of CVMs, 
into “absolutes and relatives”. Conserva-
tive management is designated in cases 
with symptoms, in cases not obey the 

aforementioned criteria; and also the le-
sion without controllable by aggressive 
handlings because of difficult anatomical 
position (Kolokythas, 2015).

Conclusions
CVMs of different types can affect any site 
of the craniomaxillofacial region and cause 
different aesthetic and/or functional prob-
lems. Various treatment modalities have 
been suggested. Conservative therapy in-
cluding the use of laser and cryotherapy 
are preferred methods in managing CVMs 
cases. Surgery is regarded as a comple-
mentary modality of other ways.
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Abstract 
Background Polyetherketoneketone (PEKK) has been recently introduced for dental 
uses due to its superior mechanical, physical properties, and high biocompatibility. 
PEKK has a hydrophobic inert surface, making it highly insoluble in almost all organic 
and inorganic solutions, except for extremely concentrated strong acids such as piranha 
solution. Moreover, no previous researches have investigated the utilization of piranha 
etching in dentistry as a surface treatment agent for PEKK before bonding. Objectives 
to assess the effect of piranha acid etching on the Shear Bond Strength (SBS) between 
PEKK and veneering composite. Materials and Methods Twenty-one square-shaped 
PEKK specimens of (7×7×2) mm dimensions were designed and milled with CAD/CAM 
system and assigned randomly to three groups for surface treatment (n=7). (1): The 
control (sandblasting with 110μm of Al2O3); (2): Etching with piranha solution; and 
(3): Both sandblasting with 110μm of Al2O3 and etching with piranha solution. After 
surface pretreatments, a qualitative assessment of surface roughness was achieved 
by using scanning electron microscopy (SEM). Composite resin veneer was applied on 
each specimen with the help of a bonding jig using light-polymerization before being 
subjected to the SBS test. Then the SBS test was performed and the mode of failure 
was analyzed. Statistical analyses were carried out with one-way ANOVA followed by 
a post-hoc LSD test. Results Sandblasting+Piranha acid etching group showed the 
highest SBS value among all groups (p<0.01). All groups showed a clinically accept-
able SBS value according to ISO standardization (10477). Conclusions Piranha acid 
treatment of the PEKK specimen surface may be a viable alternative to sandblasting 
for better bonding with veneering composite resin. The highest SBS was achieved in 
the combination group of Sandblasting+piranha.

Keywords: Composite resin; piranha acid; PEEK; surface 
treatment; SBS.
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Introduction
Studies in the field of polymer dental ma-
terials are now mainly focusing on mate-
rials with excellent esthetics, acceptable 
biocompatibility, and good mechanical 
and chemical characteristics (Stawarczyk 
et al, 2017). Polyaryletherketones (PAEK) 
is a group of high-performance polymers 
(HPP) that have been studied for their out-
standing chemical and mechanical char-
acteristics, abrasion resistance, and bio-
compatibility (Hong et al, 2020). PAEK has 
gradually become the most popular poly-
mer material in the medical field for ortho-
pedic and trauma purposes because of its 
excellent mechanical and physical proper-
ties (Hu et al, 2021; Ates et al, 2018). Also, 
PAEK has emerged as a promising dental 
material to replace metal and glass ce-
ramics due to its shock-absorbing proper-
ties, efficient stress distribution, outstand-
ing fracture resistance, and radiolucency 
(Yuan et al, 2018; Choi et al, 2017; You-
nis et al, 2020). PEKK (polyether ketone) 
and PEEK (polyetheretherketone) are pre-
dominant members of the PAEK family in 
the dental field that consist of an aromatic 
backbone chemical chain linked by func-
tional ketone and ether groups (Gouveia 
et al, 2021; Batak et al, 2021). However, 
because of the superior properties and the 
two ketone functional groups between the 
aryl rings, PEKK overlaps all other PAEK 
polymers with up to 80% greater com-
pressive strength and many processing 
methods than PEEK (Shetty, 2018; Roland 
et al, 2021; Dawson et al, 2018). Above 
mentioned characteristics, as well as the 
high biocompatibility of PEKK material, it is 
considered a suitable material for prostho-
dontics restorations such as single crowns, 
fixed partial dentures (FPDs), removable 
partial dentures (RPDs), and implant-sup-
ported frameworks (Alqurashi et al, 2020; 
Labriaga et al, 2018). Due to the low trans-
lucency and white/grayish color of PEKK, it 
is not suitable to be used as a monolithic 

dental restoration, requiring additional ve-
neering composite with a sufficient bind-
ing to PEKK to obtain satisfactory aes-
thetics (Gama et al, 2020). Furthermore, 
PEKK’s low surface energy, inertness, and 
resistance to surface conditioning have 
made it challenging to establish a durable 
bond with a veneering composite (Fokas 
et al, 2019; Gama et al, 2020). Therefore, 
various surface pretreatments have been 
proposed to overcome the mentioned limi-
tations (Jun et al, 2020; Çulhaoğlu et al, 
2020). The effect of chemical etching so-
lutions such as sulfuric and vinyl sulfonic 
acids on the bonding strength of PEKK to 
composite resin has been studied (Lee et 
al, 2017; Sakihara et al, 2019). However, 
the use of piranha etching solution is lim-
ited to PEEK material (Silthampitag et al, 
2016; Uhrenbacher et al, 2014; Stawarc-
zyk et al, 2014; Keul et al, 2014; Hallmann 
et al, 2012). But, since PEKK has similar 
chemical properties to PEEK, a comparable 
method of surface treatment is assumed to 
obtain adequate bonding. Therefore, the 
present study aims to evaluate the effect 
of piranha etching on the bond strength 
between PEKK and veneering composite 
resin.

Materials and Methods
Specimen’s preparation
PEKK specimens with a dimension of 
7×7×2mm were designed by CAD soft-
ware (ExoCAD GmbH), and the design was 
exported as STL formatted file and sent to 
the milling machine to mill PEKK CAD/CAM 
blocks (Pekkton ivory, Cendres+Métaux, 
Biel-Bienne, Switzerland). The PEKK 
specimens were embedded in auto-po-
lymerizing acrylic (Spofa Dental Prod-
uct, Czech Republic) with a dimension of 
15×15×5mm (length, width, and thick-
ness respectively) to allow the specimens 
to fit into the universal testing machine 
jaws as shown in figure (1). The surface of 
each specimen was polished using rotat-
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ing silica carbide paper (P180, P320, P600, 
P1200 respectively), (Struers, Denmark) 
for 60sec at 150rpm under constant water 
cooling. After polishing, the specimens› 
surfaces were ultrasonically cleaned for 10 
min in an ultrasonic cleaner unit (TECNO-
GAZ, Italy) with deionized distilled water. 
The specimens were then randomly cat-
egorized into three different surface pre-
treatment groups (n=7), figure (2). In the 
control group, the sandblasting was per-
formed for 10sec using 110μm aluminum 
oxide particles (Al2O3), (Shera Werkstoff 
Technologie, Germany) at a pressure of 
2-bar and a distance of 10mm the nozzle 
away from the specimen (Pekkton com-
pany recommendation), then cleaned for 
10min in an ultrasonic cleaner with deion-
ized distilled water to remove any remain-
ing particles. With the 1st experimental Pi-
ranha acid etching group (H2SO4+H2O2), 
a combination of 98% sulfuric acid and 
30% hydrogen peroxide at a ratio of 3:1 
applied on the specimen surface using 
micro-pipette for 60sec, then rinsed with 
water spray for 5sec in an even motion to 
prevent the surface topography from any 
further directional changes with the final 
step of air drying. While the second ex-
perimental group of sandblasting (110μm 
of Al2O3)+Piranha acid etching, the speci-
mens were first sandblasted with 110μm 
of Al2O3 as in the control group, then pre-
treated with Piranha etching solution as in 
the 1st experimental group.

Scanning electron microscopy (SEM)
To examine and investigate the surface to-
pography, an extra specimen for each sur-
face treatment group was constructed and 
visually displayed by an SEM device (In-
spect S50) at ×10.000 magnification.

Bonding PEKK to veneering composite
Before bonding, a square-shaped bond-
ing jig was designed by SolidWorks pre-
mium 2014 with the same dimension of 
the specimen in which bonding steps were 
performed through a 3mm hole in the 
center of each specimen. On the surface 
of the specimen, a thin coating of Visio.
link primer adhesive (Bredent, Germany) 
was applied and light-cured for 90 sec us-
ing a dental laboratory light-curing device 
(Labolight, DUO). Subsequently, the bond-
ing jig was positioned on the specimen and 
filled with composite resin (GRADIA PLUS 
GUM Heavy Body, GC Corporation, Japan). 
After that, the bonding jigs were gently re-
moved and the specimen placed in a light-
curing device for 180sec. For full polymeri-
zation, all bonded specimens were kept in 
water at 37°C for 24h.

Figure (1): Schematic drawing of 
specimen preparation.

Figure (2): Experimental procedures 
for the present study.
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Shear bond strength (SBS) test
The SBS of each specimen was measured 
using a universal testing machine (Laryee 
technology co. LTD, China). A load of knife 
edge-shaped piston applied with a cross-
head speed of 1mm/min, figure (4). The 
SBS is calculated by dividing the fracture 
load on the bonding area (N/mm² =MPa).

Fracture mode Analysis
Following deboning, each specimen was 
examined under a microscope (OXION, 
China) at a magnification of ×25 to iden-
tify and assess the model and type of frac-
ture. The mode of fracture is identified as: 
1. Adhesive fracture, meaning that no 
composite residues were left on the PEKK 
surface.
2. Cohesive fracture, which occurs in 
the composite›s bulk layer.
3. Mixed fracture, where composite 
residues are partially visible on the PEKK 
surface.
Statistical methods
The data of the present study was ana-
lyzed using One-way ANOVA (post-hoc, 
LSD) at a significant P-value of (p≤0.05).

Results
Shear bond strength (SBS) test
Table (1) shows the descriptive statistics 
and ANOVA test for the studied groups. 
The sandblasting piranha group showed 
the highest mean bond strength value 
23.635(±1.405) MPa in comparison to the 
control group of 15.048 (±1.398) MPa, fol-
lowed by piranha 17.070 (±1.350 MPa) as 
in figure (5). It was confirmed that there 
was a significant difference between the 
groups (p≤ 0.05). To verify the differenc-
es in shear bond strength between each 
experimental group, the post-hoc (LSD) 
were performed as in Table (2).

Figure (3): A: The design of bonding 
jig, B: Finished specimen ready for 
SBS test.

Figure (4): Specimen under SBS test.

Figure (5): Bar-chart represents 
the SBS mean values of the studied 
groups.
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Fracture mode analysis
Fracture mode analysis revealed that all 
groups showed mixed and adhesive frac-
ture. While, no cohesive fracture was ap-
peared in the present study results, figure 
(6).

SEM observations
The characterization of the PEKK surface 
after different surface modifications was 
demonstrated by SEM at 10.000× magnifi-
cation. In the control group, the sandblast-
ed PEKK specimens show irregular surface 
topography with flaws and streaks distrib-
uted along the surface, figure (7: A). While 
in the Piranha etching group, the surfaces 
were covered with small pits and filler par-
ticles after PEKK specimens treated with 
piranha etching, figure (7: B). On the oth-
er hand, the sandblasting+piranha etching 
group shows a more irregular surface pat-
tern with microporosity when compared to 
the control group, figure (7: C). 

Figure (6): Fracture modes after SBS. 
test.

Figure (7): SEM images of the PEKK 
surface after surface treatments, A: 
Sandblasting, B: Piranha etching, C: 
Sandblasting+piranha etching. 

Table (1): Descriptive statistics and 
ANOVA test for different surface treat-
ed groups.

Table (2): Multiple pairwise compari-
sons using post-hoc (LSD) tests ac-
cording to the surface treatments of 
PEKK.
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Discussion
PEKK is the most recent PAEK material 
to be utilized in prosthodontics and has a 
great deal of potential in this field. As an 
overall trend is moving toward metal-free 
restorations, the bonding characteristics 
of PEKK with other polymer-based mate-
rials are of interest (Younis et al, 2020; 
Stawarczyk et al, 2017). In the present 
study, two surface treatment methods are 
proposed to enhance the binding strength 
between PEKK and veneering composite. 
Sandblasting roughens the surface, elimi-
nates organic contaminants, and gener-
ates a fresh, active surface layer. It also 
aids in the promotion of micromechani-
cal interlocking with the bonding agent, 
which results in enhanced binding capacity 
(Gama et al, 2020). According to recent 
researches conducted by the company 
lunched the Pekkton, it is recommended 
to use an MMA-based primer after surface 
roughening by sandblasting with 110μm 
of Al2O3. Previous researches have shown 
that Visio. link, which is a primer com-
prising MMA monomers, could produce 
high bond strength between compos-
ite resin and PEKK polymer (Stawarczyk 
et al, 2017; Lee et al, 2017; Hong et al, 
2020). Additionally, the combination of 
sandblasting pretreatment with Visio. Link 
primer was the most effective in promot-
ing adherence to PEKK (Stawarczyk et al, 
2017; Gouveia et al, 2021). As a result, 
the surface treatment parameters of the 
control group were established in the pre-
sent study in line with the manufacturer›s 
instructions. Latest studies showed that 
acid etching of the PEEK surface causes a 
chemical change in the surface, which in-
creases the number of functional groups 
accessible for attaching to the adhesive 
components (Çulhaoğlu et al, 2020; Sta-
warczyk et al, 2014; Fokas et al, 2019). To 
the best of our knowledge, no research has 
been conducted into the effect of piranha 
solution as a chemical surface treatment 

on the bond strength of PEKK to veneer-
ing composite. Piranha solution, which is 
also known as peroxymonosulfuric acid, 
is a strong corrosive and oxidizing agent. 
It is a combination of concentrated sulfu-
ric acid (H2SO4) and hydrogen peroxide 
(H2O2) (Silthampitag et al, 2016). Ac-
cording to earlier studies, when the sur-
face of PEEK was only treated with sulfuric 
acid, the functional ether linkages (C-O-
C) and carbonyl linkages (C=O) between 
benzene rings were attacked by the acid 
(Çulhaoğlu et al, 2020). While in piranha 
acid, the interaction of sulfuric acid with 
hydrogen peroxide resulted in the release 
of atomic oxygen, which interacts with 
and breaks the benzene ring. This leads 
to the oxidation of PEEK polymer, increas-
ing surface polarity, aromatic ring open-
ing, and formation of carbon-oxygen com-
pounds. As a result, additional functional 
groups are available on the PEEK surface 
to bind to the adhesive›s components. 
The produced crosslinking improves the 
diffusion of adhesive components into 
PEEK polymer and, consequently, increas-
es the binding strength (Stawarczyk et al, 
2014; Keul et al, 2014; Uhrenbacher et 
al, 2014).The above-mentioned benefits 
can explain the considerable improvement 
in bond strength between PEKK and ve-
neering composite after piranha etching 
with an increase in the SBS mean value of 
17.070 (±1.350) MPa in comparison to the 
control group 15.048 (±1.398)MPa which 
is statistically significant (p<0.01). Also, 
SEM image (figure 7: B) of PEKK speci-
mens following piranha acid etching has 
furtherly corroborated to these data by 
showing an irregular surface area, with pits 
and filler particles scattered over the sur-
face, and this may agree with Hallmann et 
al, (2012) and Silthampitag et al. (2016) 
who also found that piranha etched PEEK 
showed small pits on its surface. However, 
piranha acid etching following sandblast-
ing demonstrated the highest SBS mean 
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value of 23.635(±1.405)MPa in compari-
son to the other groups with the significant 
difference among them. The reasons for 
this bonding enhancement could be that 
in addition to the increased ratio of func-
tional groups caused by piranha etching 
which led to crosslinking between the two 
polymers, the roughened surface obtained 
from sandblasting allows for the penetra-
tion of adhesive inside the polymer, and 
this may improve the micromechanical 
interlocking to the veneering composite 
and thus resulting in bonding strength 
enhancement. Moreover, SEM evaluation 
(figure 7:C) could agree with Hallmann et 
al. (2012), who indicated that piranha acid 
etching following sandblasting might be 
exhibited a better-defined micro-rough-
ness on the PEEK surface, contributing to 
a larger contact surface area accessible for 
mechanical interlocking with the adhesive 
material. According to ISO standardization 
(10477) guidelines, the minimum required 
SBS value between resin-based materi-
als and the substrate is 5MPa. However, it 
has been proposed that under oral condi-
tions, at least 10-12MPa is necessary to 
ensure long-term bonding (10477, 2004). 
In the present study, all the tested groups 
showed clinically acceptable SBS values. 
Also, the fracture pattern between PEKK 
substrate and veneering resin indicates 
the bond strength between them (Fokas 
et al, 2019). In this study, mixed and ad-
hesive fractures were the most common 
with no cohesive fracture. The adhesive 
fracture was predominant in the control 
group, while mixed fracture was more 
common in experimental piranha and 
sandblasting+piranha groups. When the 
bonding strength is not sufficiently high, 
an adhesive fracture can take place. On 
the other hand, the mixed fracture may 
occur due to the irregular stress distribu-
tion at the interface (Labriaga et al, 2018). 
In general, the groups with high bonding 
strength values might have a high per-

centage of mixed fracture patterns. The 
fracture patterns confirm SBS data, as 
the bonding strength increases, the frac-
ture patterns tend to shift from adhesive 
fracture to mixed fracture which seems to 
agree with a study by Ates et al, (2018). 
Regarding the outcomes of this study, pi-
ranha etching and sandblasting+piranha 
etching can be regarded as valuable sur-
face treatment modalities for PEKK poly-
mer bonded with veneering composite 
resin.

Conclusions
Piranha acid etching of the PEKK surface 
can be a viable alternative treatment 
method to sandblasting for better bonding 
with veneering composite resin. The high-
est SBS value was achieved in the com-
bination group of sandblasting+piranha 
etching.
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Abstract
Background Disinfecting solutions might cause physical and chemical deterioration 
of silicone elastomers. Phytotherapy may be a viable disinfection option. However, its 
impact on the silicone material›s characteristics is uncertain. Objectives The present 
study aims to examine the effect of oregano essential oil as a disinfection solution on 
the surface hardness and surface roughness of VST-30 silicone. Materials and Meth-
ods Forty specimens were prepared and divided into four main groups (n=10), one 
control group and three experimental groups depend on immersion period of (1 day, 1 
month, and 6 months. The experimental specimens were immersed in oregano solution. 
The surface hardness was measured using a (Shore A) durometer. While the surface 
roughness was measured with a digital portable surface roughness tester device and 
the surface characteristics were examined using Scanning Electron Microscopy (SEM). 
The data were statistically analyzed using one-way ANOVA and the post-hoc Tukey test 
(p < 0.05). Results A significant reduction in the surface hardness of the specimens 
was noticed after the immersion in an Oregano solution compared to the control group. 
While a non-significant difference in the surface roughness was reported after each im-
mersion period. SEM images showed that the silicone after immersion shows a smooth 
surface with no evident cracks. Conclusions Oregano oil solution can be used as dis-
infectant material for VST-30 maxillofacial silicone with the least damage to the surface 
of the prosthesis.

Keywords: Disinfection; hardness; maxillofacial silicone;mregano 
oil; surface roughness.

Introduction
Unfortunately, ablative surgery, trauma, 
and congenital abnormality cause a sub-
stantial proportion of people to have facial 
abnormalities, (Manjula, 2017). Maxillofa-
cial prostheses are commonly used to con-
ceal facial abnormalities or deformities in 
individuals when surgery is not an option, 
(Guiotti et al, 2016a). Barnhart presented 

the first use of maxillofacial silicone for 
facial prostheses in 1960, the silicone is 
one of the materials that can be used for 
facial defects restoring due to its texture, 
strength, and durability, as well as the ease 
in which it can be handled and colored, 
and also for the patient comfort, (Mont-
gomery and Kiat & Amnuay, 2010). Max-
illofacial silicone elastomers should also 
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possess tear resistance, tensile strength, 
and elongation at the break that are ex-
cellent, a hardness that is comparable to 
skin on the defect side, and enough bond-
ing to the underlying retaining substrate, 
(Hatamleh and Watts, 2010). The loss of 
static and dynamic physical properties of 
elastomers, as well as discoloration of the 
prostheses in a service environment, are 
two important problems with maxillofacial 
prostheses used to rehabilitate patients 
with extra-oral-facial defects, (Goiato et 
al, 2009a). However Environmental ex-
posure, such as ultraviolet (UV) light, air 
pollution, and changes in humidity and 
temperature, as well as handling, wash-
ing, and removal of the prosthesis, are the 
most common causes of prosthesis degra-
dation, (Karakoca et al, 2010). The pros-
thesis should be disinfected daily for 3 to 
5min by having the patients brushing their 
prosthesis gently. Disinfection is necessary 
not just to preserve the prostheses from 
microorganisms, but also to protect the 
surrounding tissues, (Goiato et al, 2010). 
To clean the prosthesis and avoid bacteria 
accumulation, disinfecting solutions con-
taining alkaline peroxides, chlorhexidine 
solutions, and neutral soap are usually uti-
lized, (Babu et al, 2018). Some research-
ers believe that digital friction, even when 
applied gently, causes the compounds in-
corporated into the elastomer matrix to 
detach, also cleaning silicone prostheses 
with chemical disinfection via immersion 
that has been proposed as an alternative 
but they all seem to influence the prop-
erties of an elastomer content, (Goiato et 
al, 2009a; Pesqueira et al, 2011; Eleni et 
al, 2013b). Since deterioration is directly 
linked to prosthesis aesthetics, leading to 
its replacement, the mechanical properties 
of maxillofacial elastomers must be similar 
to the facial part or tissue that is replaced 
and stay stable in performance, (Goiato et 
al, 2012). Disinfection may damage the 
material›s surface rather than its bulk. 

Thus, it could be interesting to look into 
not just an elastomer›s mechanical behav-
ior but its surface alterations, (Hatamleh 
et al, 2011). The resistance and durability 
of the facial prosthesis are dependent on 
the hardness of the used material. Simul-
taneously, the material should be soft and 
flexible enough to allow the patient›s facial 
musculature to move freely, (Goiato et al, 
2009a). Disinfection with Phytotherapy so-
lutions may be suitable for maxillofacial sil-
icone prostheses because the elastomers’ 
properties can be preserved, (Guiotti et al, 
2016b; Abdul-Ameer, 2020). Essential oils 
and plant extracts have been evaluated on 
a global scale as possible sources of new 
antimicrobial agents and alternatives to 
treat infectious diseases due to their anti-
fungal, antibacterial, and antiviral effects, 
(Astani et al, 2010). Many studies evalu-
ated the effect of plant extract solutions 
as a disinfectant solution on the hardness 
of maxillofacial silicone at different immer-
sion periods, (Guiotti et al, 2016b; Tetteh 
et al, 2018; Jaffer, 2019). A study made by 
Eleni et al, in 2013 also evaluated the sur-
face hardness of two maxillofacial silicone 
after disinfection, (Eleni et al, 2013a). 
Other studies were observed the surface 
roughness of the silicone material after dif-
ferent disinfection procedures, (Goiato et 
al, 2009b; Fouad and Moudhaffer, 2016; 
El Afandy and Fawzy, 2019). Origanum 
vulgare (Family- Lamiaceae) is an annual, 
perennial, and shrubby herb that is na-
tive to the Mediterranean, Euro-Siberian, 
and Irano-Siberian regions, (Vokou et al, 
1993). The long-standing use of Origa-
num vulgare in traditional medicine has 
prompted interest in developing novel 
pharmacological formulations in a variety 
of fields. Despite there were many medici-
nal qualities that have been discovered in 
recent studies, including antibacterial, an-
tiviral, antioxidant, and anti-inflammatory 
properties, (Oniga et al, 2018), but there 
was no previous search that studied the ef-
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fect of this plant extract on the properties 
of maxillofacial silicone materials. So, the 
purposes of this study were to evaluate 
the effect of oregano essential oil as a dis-
infection solution on the surface hardness 
and surface roughness of VST-30 silicone 
elastomer. 

Materials and Methods
A VST-30 Versiltal platinum-catalyzed, vi-
nyl terminated RTV silicone elastomer was 
used to fabricate the study specimens 
(Factor II Inc., Lakeside, USA). The mate-
rial was supplied in two parts, (A) was the 
base and (B) was the cross-linking agent 
catalyst. Forty specimens were fabricated 
and divided into four main groups (n=10), 
(I) is the control group without immersion, 
and the three other experimental groups 
divided according to immersion period (II) 
for one day, (III) for one month, and (IV) 
for six months.

Pilot study
The purpose of the pilot study was to iden-
tify the antibacterial activity of the Oregano 
oil and to establish the optimal concentra-
tion that prevents the growth of Staphy-
lococcus aureus and Staphylococcus epi-
dermidis. First, the oil was extracted by 
hydro-distillation using Clevenger appara-
tus, (Kulaksiz et al, 2018). The bacterial 
identification was made by the VITEK sys-
tem, (Biomerieux, France), (Sulaiman et 
al, 2018), and the bacterial suspension was 
prepared in Mueller Hinton Broth, (Sutton, 
2011). Agar-well diffusing test was used 
to determine the Minimum Inhibition Con-
centration (MIC) of the oil, (Kabbashi et 
al, 2015). Two-fold serial dilutions were 
made to obtain various concentrations of 
the essential oil to be distributed on the 
agar plate that was previously prepared 
and seeded with the bacterial inoculum. 
The concentrations of antimicrobial solu-
tion that inhibited the growth of the tested 
bacteria cultures were shown in table (1). 

The optimum concentration selected to be 
used in this study was 0.4%. 

Specimens preparation
To obtain the specimens, Auto CAD 2015 
computer software was used to design 
the mold dimensions, then by the aid of 
a plasma CNC (Computer Numerical Con-
trol) machine, the plastic matrices (Plexi, 
Korea) was made with holes that repre-
sent the square specimens› dimension of 
(25×25×6)mm width, length and thick-
ness respectively, (Chi, 2014). The silicone 
was mixed in the proportion of 10:1 for the 
base and catalyst following the recommen-
dation of the manufacturer’s instructions. 
The required amount of the base material 
was poured inside the bowl and placed in 
the vacuum mixer (Multivac 3 Degussa, 
Germany) for 5min in a clockwise direc-
tion and the vacuum was (28) inches HG 
according to the manufacturer’s instruc-
tions. The mixture was poured slowly and 
continuously until all the specimens holes 
were filled with silicone, then the cover 
was placed cautiously from one side and 
holding the other side away from the mold 
then slowly lay it over the mold. According 
to the manufacturer, the silicone was vul-
canized after 30min. After complete vul-
canization, the specimens were carefully 
removed from the mold, (Pinheiro et al, 
2014). Flashes and excess silicone were 
trimmed away by using sterile scissors. All 
specimens were stored in a zip-lock plastic 
bag inside a custom-made light-proof box 
till testing, (Abdul-Ameer, 2020).

Conditioning of the specimens
The experimental specimens were subject-
ed to disinfection by immersion in Oregano 
solution. The disinfection procedure was 
accomplished in three-time durations us-
ing simulating time of immersion, (Tetteh 
et al, 2018). 5min represents disinfec-
tion/1 day; 150min represents disinfec-
tion/1 month, and 900min represents dis-
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infection/6 month.

Testing procedures
Hardness test
The hardness of maxillofacial silicone ma-
terial was measured using the (Shore A) 
hardness tester durometer. The specimens 
were fabricated according to ISO 7619-
1:2010 specifications. The measurement 
method is based on the penetration of the 
needle onto the surface of the material 
with a constant load of 5N, Figure (1.A). 
Three readings were collected for each 
specimen and the average value was cal-
culated, (Çevik, 2018). 

Surface roughness test
Roughness is the measure of the finer ir-
regularities of surface texture that are 
characteristic of the materials. Surface 
roughness average (Ra) is estimated as 
the arithmetic regular deviation of the 
surface valleys and peaks conveyed in 
micro-inches or micrometers, (Al-Dharrab 
et al, 2013). For the measurements of the 
surface roughness test, a portable digital 
roughness tester (6200S, China) was used 
with a 6mm measurement course, Figure 
(1.B), three readings were taken for each 
specimen then the average mean value 
was achieved, (Goiato et al, 2009a). 

Scanning electron microscope (SEM)
SEM examination was established for one 
specimen from each group with ×500 
magnifications with an accelerating volt-
age of 10kV (Inspect S50, USA), (Babu et 
al, 2018).

Statistical analysis
Data were analyzed by using Statistical 
Package for Social Science (IBM SPSS-
V24) (SPSS, Chicago, Illinois, USA). One-
way ANOVA and post-hoc Tukey test (HSD) 
was used to analyze the significant differ-
ences between the experimental and the 
control groups at a level of significance (p 
≤ 0.05).  

Results
Figure (2) showed a decrease in the mean 
values for all the experimental groups with 
the highest mean value in the control group 
without immersion (I). The mean values of 
the experimental groups were highest in 
group (II)  of 1 day/immersion, followed 
by group (III) of 1 month/immersion, 
while the lowest mean value was in the 
group (IV) of 6 months/immersion. ANO-
VA test shows that there was a significant 
difference between the non-treated and 
the experimental treated groups as in, Ta-
ble (2). For further analysis, the post-hoc 
Tukey test (HSD) was used. It shows a sig-
nificant difference among the non-treated 
and other treated groups, but there were 
non-significant differences between differ-
ent immersion intervals, Table (3). 

Figure (1): A, Shore A durometer sur-
face hardness unit; B, Surface rough-
ness Profilometer testing device.

Figure (2): Box plot of Shore A hard-
ness represents the mean values.
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For the surface roughness, the higher 
mean value was in the group (II) of 1 
day/immersion followed by non-treated 
group (I) than that of the group (IV) of 
6 months/immersion, while group (III) 
of 1 month/immersion showed the least 
surface roughness mean value, Figure 
(3). In table (4), one-way ANOVA showed 
the non-significant differences among the 
studied  groups. Finally, the SEM images 
showed that silicone surfaces were tend-
ed to get less roughness after immersion, 
Figure (4).

Table (2): One-way ANOVA for shore 
A hardness among the study groups.

 

Table (3): Tukey HSD test of Shore A 
hardness test among the study groups.

Table 4: One-way ANOVA for surface 
roughness of all study groups.
        

Figure (3): Box plot of surface rough-
ness represents the mean values.

Figure (4): SEM image of VST 30 sili-
cone elastomer, A, Control specimen; 
B, After immersion for 1 day; C, After 
immersion for 1 month; and D, After 
immersion for 6 months.

Table (1): Mean values of inhibition 
zone of Oregano at different concen-
trations.
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Discussion
Maxillofacial elastomers› hardness should 
be kept within a wide range of acceptable 
values. Given the varied toughness and 
hardness of the various facial regions, this 
range is about between 10 and 45, depend-
ing on the region of the face that needed to 
be replaced, (Eleni et al, 2013a). However, 
the researchers claim that this increased 
softness is advantageous and that the ma-
terials are suitable for facial prostheses 
even when the Shore A units are less than 
25, (Goiato et al, 2009a). In this study, 
the hardness decreased significantly after 
immersion of the silicone specimens in the 
plant extract solution, this could be due to 
the decomposition of the cleaning solutions 
into carbon dioxide, carbon monoxide, and 
sulfur dioxide. That might cause changes 
in elastomers after disinfection with anti-
microbial solutions, which could lead to ei-
ther a harder or softer material, (Hatamleh 
and Watts, 2010). These findings concur 
with another study when they used Hy-
drastis Canadensis plant-extract solutions 
as an antimicrobial disinfectant and found 
that the hardness values were significant-
ly decreased after immersion, (Guiotti et 
al, 2016b). Long-term storage of silicone 
materials, according to the literature, can 
enhance water absorption, resulting in re-
duced hardness, (Babu et al, 2018). This 
could explain the significant decrease in 
hardness values which can be due to dis-
infection solution absorption after the im-
mersion period. These results may agree 
with Hatamleh et al, 2011, who found that 
after immersing silicone specimens in an 
antimicrobial silicone-cleaning solution for 
30 hours, the hardness was reduced. Babu 
et al. in 2018 also found a general de-
crease in hardness values after (60 days) 
disinfection period due to absorption of 
the disinfection solution, (Hatamleh et al, 
2011; Babu et al, 2018). Also, an agree-
ment was found with Tetteh et al., in 2018 
who found a significant decrease in hard-

ness values of silicone after immersion in 
tea tree and Manuka oil solutions for dif-
ferent time periods, (Tetteh et al, 2018). 
On the other hand, a disagreement was 
found between the present study results 
and that concluded by Jaffer in 2019 who 
inferred a significant increase in hardness 
values after using three concentrations of 
the Misiwak extract as disinfecting mate-
rial. This could be due to different silicone 
materials or different disinfection proce-
dures and materials used as a disinfectant, 
(Jaffer, 2019). According to the findings, 
the values of hardness in this study are 
considered to be clinically acceptable. The 
results of surface roughness of the three 
experimental groups showed a decreased 
mean value of roughness when compared 
with the non-treated group except for that 
of 1 day/immersion that showed a slight 
increase in the surface roughness. It›s 
possible that this is attributable to the low 
concentration of the essential oils, as well 
as the fact that all of the ingredients in 
the natural product have a low and harm-
less influence. The results agree with other 
studies that found that surface roughness 
of the silicone material was decreased after 
different disinfection procedures, (Goiato 
et al, 2009b; Fouad and Moudhaffer, 2016; 
El Afandy and Fawzy, 2019). According to 
the immersion intervals, the results indi-
cated a non-significant difference in the 
immersion period, this could be due to the 
low concentration of the essential oil. The 
silicone surface became less rough with 
time. This could be due to the completed 
polymeric chain that was promoted by the 
continuous polymerization process during 
immersion, (Goiato et al, 2009a). This is 
probably in agreement with Babu et al. in 
2018 who found a significant decrease in 
surface roughness values after 60 days of 
storage in a chemical disinfectant solution, 
(Babu et al, 2018). These findings, on the 
other hand, may disagree with those of Al-
Dharrab et al, in 2013, who found a sig-
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nificant increase in silicone surface rough-
ness after 6 months of storage. This could 
be due to the long immersion time, which 
caused chemical structure degradation, 
micro-cracks, and pores on the material›s 
surface, (Al-Dharrab et al, 2013).

Conclusions
Within the limitations of this study, the 
surface roughness of VST-30 maxillofa-
cial silicone was not significantly affected 
by the oregano plant-based solution as an 
antibacterial disinfectant, and even though 
the hardness was significantly decreased 
after the immersion, it was still within the 
acceptable clinical range.   
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Abstract 
Background Patients with bruxism require a complex approach to treatment to resist 
the force of bruxism; the treatments must be made of strong materials. Objectives 
of the present study was a numerical investigation of the restoration’s stress distribu-
tion and total deformation according to the restorative materials utilized in posterior 
monolithic restoration supported by the implant in patients with bruxism using finite 
element analysis (FEA). Materials and Methods The model of all-ceramic restoration 
for implant posterior molar constructed with CAD/CAM technology was transferred into 
a three-dimensional FEA program. Six finite element models with occlusal thicknesses 
of 0.5, 0.7, and 1.0mm in lithium disilicate glass-ceramic and zirconia were simulated 
utilizing two various loads (to act bruxism type) clenching type (vertical 812 N) while 
clenching + grinding type (vertical 812 N) plus torque load of (10, 50, and 100 N). 
Results The highest stress values and lowest total deformation were fixed on prosthe-
ses with a thickness of 1.0mm in various loading directions and various materials. The 
restorations made of zirconia with a thickness of 1.0 mm exhibited the highest stress 
values and lowest total deformation. Conclusions The stress distribution and total de-
formation of ceramic restorations are dependent on the restoration’s thickness. 

Keywords: 3D FEA; stress; all-ceramic crown; thickness; implant; 
bruxism.
 
Introduction
Numerous prosthetic procedures are avail-
able to restore lost teeth. Implant-sup-
ported fixed dental prostheses are one of 
these procedures for replacing lost or mul-
tiple posterior teeth (FDP), (Iranmanesh 
et al, 2014). The ability to resist mastica-
tory force and the esthetic outcome are 
also factors that play an important role in 
selecting a prosthetic restorative material, 

(Raigrodski et al, 2012). Generally, noble 
metallic crowns have been used as the 
gold standard. Metallic crowns have de-
creased in popularity due to the cosmetic 
enhancement of other restorative materi-
als and the option of using dental ceramics 
in metals for the same reason. Monolithic 
ceramic materials have been created to 
overcome the difficulties of concealing ce-
ramic failures in metal-ceramic and all-ce-
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ramic crowns, (Dal Piva et al, 2018b). As a 
result, many researchers that analyzed 
the fracture strength of all-ceramic mono-
lithic crowns found that the monolithic 
structure exceeded the veneered 
one,(Beuer et al, 2008; Beuer et al, 2012; 
SILVA et al, 2017). Zirconia and lithium di-
silicate is the most common monolithic 
material, (Biscaro et al., 2013). Lithium di-
silicate seems to have a stronger translu-
cency than zirconia but a lower mechanical 
strength, (Chu, 2012). The flexural 
strength of high translucency zirconia is 
twice as high as that of lithium disilicate, 
(Tribst et al, 2018). The mechanical char-
acteristics of restorative materials includ-
ed fatigue failure, the magnitude of oc-
clusal forces, and crown thickness, which 
influence their long-term performance and 
survival rate,  (Lameira et al, 2015). Many 
researchers compared lithium disilicate 
and zirconia and discovered that LD frac-
tures faster than zirconia under similar cir-
cumstances because lithium disilicate has 
a lower tensile strength value than zirco-
nia (Dejak et al, 2012; Amin et al, 2017). 
The masticatory system›s activities can be 
classified into two categories: functional 
activities such as chewing and speaking, 
and parafunctional activities such as teeth 
clenching or grinding (referred to as brux-
ism), (Reddy et al, 2014). Bruxism is a 
parafunctional masticatory system charac-
terized by unconscious teeth clenching and 
grinding in the absence of neuromuscular 
protective mechanisms, (Demjaha et al, 
2019). Sleep bruxism (abbreviated as SB) 
is described as a rhythmic (phasic) or non-
rhythmic (tonic) masticatory-muscle ac-
tion during sleep that is not associated 
with movement or sleep disorders in oth-
erwise healthy persons. Awake bruxism 
(abbreviated as AB) is defined as mastica-
tory-muscle activity that occurs during 
wakefulness and is characterized by re-
peated or persistent tooth contact and/or 
bracing or thrusting of the mandible. It is 

not a movement condition in otherwise 
healthy individuals, (Levartovsky et al, 
2019). According to the American Acade-
my of Orofacial Pain (AAOP), bruxism is a 
parafunctional activity that involves both 
grinding and clenching. Clenching unlike 
grinding, the centric bruxism is clenching, 
while an eccentric bruxism is grinding. 
Clenching is a static process of closing the 
mandible and maxilla with force, causing 
the opposing teeth to contact an eccentric 
angle. On the other hand, grinding is a dy-
namic process in which the mandibular 
arch moves in different directions, causing 
dentation to slide over each other, (Alhar-
by et al, 2018). Because of the way “brux-
ers” distribute their muscular power to 
their teeth and surrounding tissues, they 
may experience tooth wear, orofacial pain, 
and hyperactive and enlarged masticatory 
muscles, especially the masseter. Since 
muscles are the primary source of bite 
force, increases in muscular function may 
be expressed numerically by increases in 
the maximum biting force (MBF). Accord-
ing to previous studies by Lassila et al, 
(1985), and Castelo et al, (2008),  MBF is 
associated with different factors including 
gender, craniofacial morphology (including 
periodontal sensitivity), dental occlusal 
status (including the occlusal level of the 
teeth), and the presence or absence of 
symptoms associated with temporoman-
dibular disorders, (Castelo et al., 2008, 
Lassila et al., 1985). MBF values ranged 
from 388N to 1,109 N in the cases investi-
gated, (Todic et al, 2016). A dental implant 
is an alloplastic device surgically inserted 
into the oral tissues under the mucosa and 
periosteal layer, either on top of or inside 
the bone, to provide retention and stability 
for a fixed or removable dental prosthesis, 
(Bhandari et al, 2020). Biological and me-
chanical considerations influence the lon-
gevity and performance of an implant-
supported prosthesis. There have been 
two main types of implant failures, early 
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and late losses. A lack of osseointegration 
identifies early failures, mainly occur fol-
lowing surgery. On the other hand, late 
shortcomings relate to implants that have 
been assumed to be effective for a long 
time but have failed following prosthetic 
restoration. Mechanical complications are 
the most usual of which are metal fatigue 
induced by biomechanical overloading, 
which causes abutment or prosthetic screw 
loosening or fracture and wears and frac-
ture of the prosthesis or other device com-
ponents, (Lan et al., 2019), So prior to im-
plant restoration, the occlusal plane or 
anterior incisal guidance may need to be 
modified to eliminate all posterior contacts 
during mandibular excursions, (Resnik and 
Misch, 2018). While, biological complica-
tions result in the loss of supporting tis-
sue, such as infection or peri-implantitis, 
(Lan et al, 2019). Bruxism has also been 
associated with greater (occlusal) loading 
on dental implants and superstructures, 
producing bone damage or even failure. As 
a result, bruxism is usually seen as a fac-
tor for fear, if not an outright contraindica-
tion, when implant placement, (Lobbezoo 
et al, 2006). According to Sheridan et al, 
(2016), the implementation of clinical sug-
gestions such as optimizing force direction 
along the long axis of the implant, de-
creasing force magnification by increasing 
the prosthesis contact area, and expand-
ing the implant prosthesis support area 
would be beneficial in clinical applications, 
(Sheridan et al, 2016). The force exerted 
by clenching or grinding actions on an im-
plant prosthesis must be managed by the 
device when it’s used to treat bruxism. A 
dentist can collaborate with a patient’s 
surgeon to determine the cause and de-
velop a plan for fabricating dental prosthe-
ses that are high-load bearing, or stress-
relieving, in nature. Patients suffering from 
bruxism problems have often benefited 
completely from a metal prosthesis, which 
has been widely used by practitioners, 

(Mehta et al, 2012a, Mehta et al, 2012b).
The use of numerical models to simulate 
the mechanical behavior of any structures 
has been recognized as an effective tech-
nique due to their low-cost and to over-
come the difficulties of in vitro and in vivo 
studies. Finite element analysis (FEA) is a 
method of evaluating stress and strain 
patterns in a three-dimensional (3D) mod-
el used to create a computer simulation. 
FEA has previously been used in many 
studies to evaluate the deformation of an 
individual component of many restored 
teeth, (Maghami et al, 2018). The applica-
tion of FEA took place to investigate the 
impact of various materials on monolithic 
complete posterior crowns. Numerous var-
iables can have an effect on the resulting 
stress distribution, such as the magnitude 
and direction of applied forces, (Motta et 
al, 2008). They discovered that materials 
with a high elastic modulus allow for great-
er tensile stress concentration on the 
crown intaglio surface, (Dal Piva et al, 
2018a). Numerical simulation was used to 
evaluate the effect of different framework 
materials on stress distribution in a poste-
rior three-unit fixed dental prosthesis. It 
was concluded that special attention should 
be paid to the finish line contact with the 
fixed dental prosthesis to avoid stress con-
centration, (Attia, 2018). The purpose of 
this study is to apply finite element analy-
sis to evaluate the stress distribution and 
total deformation of posterior monolithic 
single crown restoration supported by im-
plants in patients with bruxism, and de-
pending on the restorative materials em-
ployed. The present study hypotheses 
were that firstly, there would be differenc-
es in stress distribution and total deforma-
tion in the restoration based on the occlus-
al thickness; and secondly, there would be 
variations in stress distribution and total 
deformation in the restoration depending 
on the type of bruxism.
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Material and Methods
1. The 3D designing of models
Abutment with an implant was prepared 
and scanned using the ARTI S600 dental 
scanner (ZirkonZahn, Italy). The data was 
uploaded as a stereolithography (STL) file 
to ZirkonZahn software (ZirkonZahn, Ita-
ly) to create the restoration with different 
thicknesses of (0.5, 0.7, and 1mm), then 
the 3D solid model for FEA was generated 
using the geomagic software application 
(geomagic 2014).

2. Finite element analysis (FEA)
The finite element was performed using 
the ANSYS 2020 R2 software (ANSYS, 
Canonsburg, PA, USA). The procedure in-
cluded three phases, the pre-processing, 
processing, and post-processing phases. 
As part of the pre-processing phase, the 
mechanical characteristics of the 3D mod-
el components were used for the restora-
tion as determined in Table (1). Zirconia 
and lithium disilicate was used to fabricate 
the restoration. All materials were homo-
geneous, isotropic, and linearly elastic. 
Each model was split into tiny components 
called “elements” which linked through 
points called “nodes” to form a mesh 
structure throughout the procedure. The 
parabolic tetrahedral solid components are 
utilized to create a fine solid mesh. Table 
(2) summarizes the total number of study 
elements and nodes. During the process-
ing stage, a circular indenter (4mm in di-
ameter) was produced as a portion of the 
3D model used to apply load to the resto-
ration center during the testing phase. The 
implant is fixed so that the force is applied 
just in the direction of restoration.
There are four various loading conditions 
applied for each material to simulated 
bruxism. 
A. Vertical loading of 812 N (represent-
ing clenching) 
B. Vertical loading of 812 N+ torque 
loading 10N (representing clenching+ 

grinding) 
C. Vertical loading of 812 N+ torque 
loading 50N (representing clenching+ 
grinding)
D. Vertical loading of 812 N+torque 
loading 100N (representing clenching 
+grinding)
The load is stepped at (100000 cycles)
During the post-processing phase, the re-
sults of the processing phase were shown 
in the form of graphical and numerical 
outputs in the form of maximum princi-
pal stress (tensile stress values) and to-
tal deformation.  Analysis simulation soft-
ware  (ANSYS) displays the findings using 
a chromatic scale of colors ranging from 
blue lowest values to red highest values. 

Results
A qualitative evaluation for the maximum 
tensile stress and total deformation of the 
restoration’s occlusal surface was per-
formed after establishing the mesh for 
the 3D model in FEA, Figure (1). FEA was 
used to evaluate the fracture resistance 
of all-ceramic CAD/CAM crown restora-
tion with different thicknesses. The verti-
cal force is applied to simulate the clench-
ing condition, and a vertical force with a 
moment force is applied to represent the 
grinding+clinching condition.  The findings 
demonstrate that zirconia exhibits tremen-
dous stress distribution with the slowest 
deformation rate in both situations. Zirco-
nia restoration with 1mm thickness shows 
the highest stress distribution with the 
lowest deformation.  Additionally, when 
the thickness was 0.5mm, the maximum 
tensile stress and total deformation from 
V812 N+T100N were more significant than 
those of only V 812N.
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Table (1): Study materials’ mechani-
cal properties.

Figure (1): Total deformation (T) and distri-
bution of maximum tensile stress (MTS) in 
E.MAX CAD and zirconia (zi) at various thick-
ness of (0.5, 0.7and 1mm) when applied ver-
tical force (A) to acts the clenching type.

Figure (2): Total deformation (T) and distri-
bution of maximum tensile stress (MTS) of  
E.MAX CAD after applied vertical load (A) of 
812N and torque load (B) 10N under various 
thickness of (0.5, 0.7, and 1mm).

Figure (3): Total deformation (T) and distri-
bution of maximum tensile stress (MTS)of 
ZIRCONIA after applied vertical load (A) of 
812N and torque load (B) 10N under various 
thickness of (0.5, 0.7, and 1mm).

Figure (4): Total deformation (T) and distri-
bution of maximum tensile stress (MTS) of  
E.MAX CAD after applied vertical load(A) of 
812N and torque load (B) 50N under various 
thickness of (0.5, 0.7, and 1mm).

Figure (5): Total deformation (T) and distri-
bution of maximum tensile stress (MTS) of  
ZIRCONIA after applied vertical load (A) of 
812N and torque load (B) 50N under various 
thickness of (0.5, 0.7, and 1mm).

Figure (6) :Total deformation (T) and distri-
bution of maximum tensile stress (MTS)of 
E.MAX CAD after applied vertical load (A) of 
812N and torque load(B) 100N under various 
thickness of (0.5, 0.7, and 1mm).

Figure (7): Total deformation (T) and distri-
bution of maximum tensile stress (MTS) of  
ZIRCONIA after applied vertical load (A) of 
812N and torque load (B) 100N under various 
thickness of (0.5, 0.7, and 1mm).
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Table (2): Element and nodes are cal-
culated for the model.

Discussion
The present study aimed to evaluate the 
impact of bruxism forces applied on two 
types of restorative monolithic materials 
at three different thicknesses using FEA. 
Regarding the results, the first and sec-
ond study hypotheses were accepted as 
the thickness of the restorative material 
impacted the restoration mechanically, 
and the type of bruxism affected restora-
tion longevity. This study aimed to apply 
a vertical load to represent clenching as 
in Figure (1) (night or nocturnal bruxism), 
(Reddy et al, 2014). The maximum tensile 
stress increased and the total deformation 
decreased as the restoration thickness in-
creased. The highest stress and lowest to-
tal deformation results were obtained in 
all the restorations of 1.0mm thickness. 
Compared to the other thickness, the res-
torations of  0.5mm thickness displayed 
a lower level of stress and higher defor-
mation. According to researchers, brux-
ism (tooth grinding) causes an overload 
of teeth, implants, and restorations. Since 
individuals with bruxism might damage 
the surface used to treat their condition, 
researchers advise using an occluding sur-
face that will not chip, such as metal or 
a monolithic ceramic substance, (Levar-
tovsky et al, 2019). It simulated clench-
ing and grinding when the loading included 
vertical force and torque load,  Figures (2 
to 7) (day or diurnal bruxism), (Reddy et 
al, 2014). When the thickness exceeded 
0.5mm, the stress value seems to be high-
er  with lower deformation. Therefore, the 

V812N+T100N was more significant than 
those caused by vertical force alone. Due 
to the increased stress and decreased to-
tal deformation, the 1.0mm thickness of 
zirconia material is advantageous for pos-
terior implant prostheses in patients who 
suffer from bruxism. Dejak et al, (2012) 
and Amin et al, (2017) observed the E.MAX 
CAD ceramic with a lower tensile strength 
value than zirconia, the findings obtained 
from samples under identical conditions 
showed that E.MAX CAD would fail quick-
er than zirconia, (Dejak et al, 2012; Amin 
et al, 2017). Tribst et al, clarified zirconia 
with the most significant elastic modu-
lus, resulting in more tensile stress local-
ized on the intaglio surface, (Tribst et al, 
2018). Nevertheless, it is impossible to 
state whether or not this material will frac-
ture earlier than simulated glassy ceram-
ics because of its hardness. In 2008, Motta 
et al.  showed that stress distribution var-
ies depending on load direction (Motta et 
al, 2008). Furthermore, Iranmanesh et al, 
2014  claim that many variables, such as 
the direction and intensity of the applied 
load can alter stress distribution resulting 
in fracture and failure, (Iranmanesh et al, 
2014). Grinding and clenching are two of 
the most frequent parafunction behaviors 
associated with bruxism. The act of clench-
ing always includes a significant amount 
of occlusal force. In addition to making a 
loud noise while sleeping, grinding may 
cause tooth surface loss in either a hori-
zontal or an oblique direction, depending 
on the intensity of the grinding activity, 
(Lan et al, 2019). This may lead to tooth 
wear in the form of vertical, horizontal or 
mixed tooth surface loss. When tooth wear 
is seen in the posterior regions, it is clas-
sified as severe bruxism. Extensive attri-
tion tooth erosion in patients with severe 
bruxism frequently demands the cosmetic 
and functional rehabilitation of full denti-
tion. Such intensive treatments present a 
significant challenge to the dentist, den-
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tal technician, and patient. In those cases, 
increasing the vertical dimension of oc-
clusion (VDO) is advantageous because it 
provides room for restorative material and 
increases the level of tooth displayed while 
minimizing necessity biologically invasive 
clinical procedures such as crown length-
ening or elective endodontic treatment, 
(Levartovsky et al, 2019). Clinical experi-
ence shows that posterior wear patterns 
are significantly more difficult to manage 
because they usually stem from an ab-
sence of anterior guidance during excur-
sions, and the posterior teeth when mak-
ing contact during excursive jaw positions, 
are subject to larger forces, so before an 
implant restoration, changes to the ante-
rior incisal guidance or the occlusal plane 
may be necessary to ensure all posterior 
contacts are eliminated during mandibular 
excursions (Resnik and Misch, 2018).

Conclusions
According to the present study limitation 
and analyzes, E.MAX CAD is more suscep-
tible to failure than zirconia. With increas-
ing the thickness, the stress value of the 
restoration increased and the total defor-
mation decreased. According to the re-
sults, the 1.0mm thickness had the high-
est stress distribution and the lowest total 
deformation with different loading direc-
tions. So, it shows an advantage to be ap-
plicable in a posterior zirconia-supported 
implant with 1mm thickness for patients 
having bruxism.
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Abstract
Background Retention is the ability of a dental prosthesis to resist movement after it 
has been placed; it may be defined as the resistance of a denture to movement after 
it has been placed. Objectives The purpose of this study was to compare the effect 
of three different denture adhesives directly inside the patient’s mouth on the reten-
tion force of the maxillary denture base at different time intervals. Materials and 
Methods Fifteen edentulous patients (8 males and 7 females, 58- 70 years old) were 
involved in the present study. This study was applied only for the maxillary edentulous 
arch. For each patient, a denture base without the artificial teeth was constructed from 
the heat-cured acrylic resin using the conventional water-bath processing technique. A 
digital force gauge was used to record the maximum dislodging forces. The force ap-
plied in Newton needed to dislodge the denture base firstly from its basal seat, without 
adhesives, and then with different adhesive types at different time intervals of 15min, 
1h, and 2h. The data were collected and statistically analyzed using ANOVA (LSD) test 
at a significance level of p ≤ 0.05. Results Significant improvement was observed in 
denture retention force for all types of denture adhesive materials as compared to the 
control group at different intervals. The highest mean of denture retention was with Fit-
tydent (strip). The retention value of the strip was significantly higher than those of the 
cream and powder at 15min, one, and two hours. However, non-significant differences 
in retention force were detected between the Super Corega cream and that of powder 
(p>0.05). All the experimental adhesive materials differ significantly from the control 
group during the whole period of the study Conclusions The results of this in vivo 
study concluded that the denture adhesive tested materials could effectively increase 
the retention value of the maxillary denture base and the Fittydent denture adhesive 
strip was the most effective denture adhesive agent.

Keywords: Dentures adhesives; different time intervals; retention.
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Introduction
Retention is that quality inherent in the 
dental prosthesis acting to resist the force 
of dislodgment along the path of place-
ment; simply it is the resistance of den-
ture to dislodgment, (Ferro et al, 2017). 
It is an important indicator in estimating 
the masticatory ability and oral health re-
quired quality of life (OHRQoL) of com-
plete denture wearers, (Limpuangthip et 
al, 2019). Retention of complete denture 
provides psychological comfort to the pa-
tient, if a denture is easily dislodged dur-
ing speech or eating, the embarrassment 
experienced can be mentally traumatic, 
(Jacobson and Krol, 1983). Many factors 
affect the retention of complete dentures 
like anatomical factors, physiological fac-
tors, mechanical factors, physical factors, 
and neuromuscular factors, (Hardy and 
Kapur, 1958). These main factors also 
subdivide into other factors like adhesion, 
the cohesion that comes from the saliva 
quantity and property, also denture bear-
ing area, type of the mucosa, and well-ex-
tended flange to the vestibule and getting 
a marginal seal. So, each step in denture 
construction in both clinical and lab work 
should be applied with priority, (Kumar et 
al, 2016). But still, there are some cases 
where cannot get enough retention like a 
highly resorbed ridge, any developmental 
anomalies, xerostomia either for systemic 
disease or using a specific drug, neuro-
muscular problems, (Jagger and Harrison, 
1996; Kumar and Thombare, 2011). Clini-
cal prosthodontics has focused on many 
approaches to improve denture retention 
and stability. There are other solutions like 
an implant-supported prosthesis that is 
either fixed or removed. However, an im-
plant can’t seem to be the treatment case 
for all patients due to inadequate bone or 
some systemic disease when contraindi-
cated, (Hwang and Wang, 2006), in ad-
dition to financial issues. Using commer-
cially available denture adhesive material 

could be a good alternative and solution 
for enhancing denture retention and sta-
bility, (Kapur, 1967; Chowdhry et al, 2010; 
Figueiral et al, 2012; Yegin et al, 2017). 
According to FDA, Denture adhesives are 
either in form of pastes, powders, or adhe-
sive pads to help dentures to seated prop-
erly, these materials could enhance the 
interfacial forces by increasing the adhe-
sive and cohesive properties and viscosity 
of the medium lying between the denture 
and the basal seat. Also, it may eliminate 
the voids between the denture base and 
the basal seat, (Shay, 1991; Smita et al, 
2010). Adhesives could improve reten-
tion and stability, masticatory function, in-
cisal bite force and also imparted patient 
comfort physically and psychologically, 
(Shankar, 2010; Shekar and Mittal, 2016). 
Millions of denture wearers use denture 
adhesives as an over-the-counter remedy, 
and such products are recommended by 
many professionals. Many controlled labo-
ratory and clinical reports suggested that, 
in certain cases, clinical outcomes could be 
improved by the use of denture adhesives, 
and that instructions on the proper use 
of denture adhesives which could act as 
part of post-placement care for patients, 
(Adisman, 1989; Fløystrand et al, 1991; 
Slaughter et al, 1999; Koronis et al, 2012; 
Papadiochou et al, 2015; Lemos et al, 
2021). Hasegawa et al used a 3-D optical 
motion capture system and concluded that 
denture adhesive contributes to reducing 
denture movement and therefore, to im-
proving chewing function, (Hasegawa et 
al, 2003). Psillakis et al, tested different 
types of denture adhesives and concluded 
that using denture adhesive subjectively 
improved both speech and chewing ability, 
(Psillakis et al, 2004). Ozcan et al, stated 
also that bite force until denture dislodge-
ment was increased for both old and new 
dentures after the use of denture adhe-
sive regarding both polymethylvinylether 
maleate and carboxymethyl cellulose, and 
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such improvement take place for 6h after 
the application of the denture adhesives, 
(Özcan et al, 2005). In a study carried by 
Kore et al, they evaluated the tensile bond 
strength of denture adhesives on denture 
base materials at intervals up to 24 hours. 
They found that denture adhesives could 
significantly increase the tensile bond 
strength and should be considered in that 
cases when additional retention is needed. 
The practitioner should prescribe one of 
the most effective adhesive-base combi-
nations to achieve optimal dentures, (Kore 
et al, 2013). Gomaa and El-Mekawy also 
compared the efficiency of four commer-
cial denture adhesives for improving re-
tention of complete denture wearers and 
their efficacy at 30 min, 2h, 4h, and 8h 
from adhesives application, (El Mekawy, 
2010). They concluded that denture adhe-
sives might improve maxillary and man-
dibular dentures retention, and protefix 
paste is strongly recommended as a highly 
effective type of denture adhesives. In this 
in vivo study, the study trying to compare 
three different types of denture adhesive 
directly inside the patient’s mouth to eval-
uate the force of retention given by differ-
ent types at different time intervals.

Material and Methods
This in vivo study was conducted for deter-
mining the effect of denture adhesives on 
the retention of complete maxillary den-
ture base at different time intervals. Com-
mercial denture adhesives and their com-
positions tested in this study are shown in 
Table 1. A study sample of Fifteen eden-
tulous patients of 8 males, and 7 females 
(58-70 years old) attended the Shorsh 
dental center in Sulaimani city for com-
plete denture treatment and to participate 
in this study. Patients with an upper eden-
tulous arch and healthy mucosa were se-
lected for the study. Patients with a bony 
undercut, neuromuscular problems, or any 
injury or recent extraction were excluded 

from the study. The patient›s consent was 
reported in advance to take a part in this 
study.

Construction of maxillary denture 
base
Primary and secondary impressions were 
taken for the maxillary edentulous arch 
in a conventional way for construction of 
a special tray, a primary impression was 
taken for each patient using a putty con-
sistency condensation silicone impression 
material (MAJOR-Prodotti Dentari- Italy), 
then the peripheral seal tracing was ap-
plied and the final impression was taken 
using zinc oxide eugenol impression ma-
terial (SS White impression paste-UK). A 
denture base without the artificial teeth 
was constructed from the heat-cured 
acrylic resin using the conventional heat- 
polymerized water-bath processing tech-
nique. The denture base was finished and 
polished accordingly. Then for the retention 
test, a hook was fixed at the center of the 
palatal polished surface denture base us-
ing cold-cured acrylic resin and prepared, 
Figure (1), (Colo´n et al, 1982; Kumar and 
Thombare, 2011; Chhabra et al, 2018).

Retention evaluation process
A digital force gauge was used to record 
the maximum dislodging forces in Newton 
(Nextech DFS500-Nextech-Thailand). This 
is to dislodge the denture base from its ba-
sal seat without using any adhesives, and 
with three different types of adhesives at 
15min, 1h, and 2h. Each patient was seat-
ed on the dental chair in a posture with 
relaxed lips and an open mouth to avoid 
losing peripheral sealing. The palate is 
nearly at 45 degrees to the floor, (El Me-
kawy, 2010). The nylon fishing line pulling 
the denture base and passes through the 
pulley to the digital force gauge accurately 
with a stand fixed base table, Figure (2), 
(Kumar and Thombare, 2011; Chhabra et 
al, 2018). The tests took place for each 
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patient on three different days. On the 
first day, the denture base was inserted 
without using any adhesive. After 15 min, 
the denture base was pulled till dislodge-
ment and the peak dislodging force was 
recorded in Newton. This procedure was 
repeated three times to calculate the force 
average mean value. Then the denture 
base was removed, washed, and cleaned. 
Subsequently, the first adhesive material 
super Corega cream was added according 
to manufactures› instructions as in Fig-
ure (3A). The same quantity was used for 
all the other tests intervals measured by 
vernier the length of the extruded paste, 
(Baat et al, 2007). Then the denture base 
was seated inside the patient’s mouth. The 
three peak readings were taken by pull-
ing the denture base at 15min, 1h, and 2h 
after denture placement. The next recall 
visit, the same procedures were repeated 
for the patient but by using super Corega 
powder after sprinkling it over the inner 
surface of the denture base. The same 
amount of adhesive material was meas-
ured to be used for each test, Figure (3B). 
While in the third recall visit, the Fittydent 
adhesive strips were used according to 
manufactures instruction as shown in Fig-
ure (3C).

Statistical Analysis
Data were analyzed using the Statistical 
Package for Social Sciences (SPSS, version 
25). One way analysis of variance (ANO-
VA) the post hoc test (LSD), Paired t-test 
was used to compare the groups at differ-
ent study intervals. A p-value of p≤
0.05 was considered statistically signifi-
cant.

Results
Table (2) shows the means of the retention 
force of the three denture adhesive mate-
rials used in this study. Significant differ-
ences in denture retention were detected 
between the three experimental adhesive 

materials and the control group (p<0.001). 
The highest mean of denture retention was 
that of the Fittydent strip at 15min (23.3 
N), after one hour (22.1N), and after two 
hours (20.2 N). The retention value of the 
strip was significantly higher than those of 
the cream and powder at different inter-
vals, Yet, non-significant differences were 
detected between the super Corega cream 
and that of powder (p>0.05), Figure (4). 
Regarding the cream adhesive, the reten-
tion force increased significantly from 10.4N 
at 15min to 16.6N at one hour (p<0.001), 
and to 15.8N at two hours (p<0.001) Yet, 
there were non- significant differences (p= 
0.602) between both adhesive forces of at 
1h and 2h. The denture retention force of 
the powdered adhesive increased signifi-
cantly from 12.4N at 15min to 14.3N at 
1h (p=0.015) but then decreased after 
2h to 12.7N (p=0.653). The differences 
in force retention between the 1h and 2h 
were significant (p<0.001). Considering 
the strip only, its retention force was high 
(23.3N) at 15min, and became 22.1N at 
1h (p=0.237), but decreased significantly 
after 2h to become 20.2N (p=0.005). Also, 
the differences in force retention between 
the 1h and 2h were significant (p= 0.001).

Figure (1): Prepared denture base with 
attached hook.
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Figure (2): (A), Pulling the denture base 
inside the patient’s mouth with nylon 
thread; (B), The Force gauge meter with 
a stand pulley connected to nylon thread.
 

Figure (3): Denture base with different 
denture adhesive; (A), Corega cream; (B).
Corega powder; and (C), Fittydent strip.

Figure (4): Means and standard deviation 
of the retention force (Newton) of the 
study groups at different time intervals.

Table (1): The types and composition of 
the three experimental denture adhe-
sives.

Table (2): ANOVA (LSD) test showing the 
study groups force denture retention at 
different intervals.
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Discussion
Denture adhesives are commercially avail-
able materials that are used clinically to 
increase denture retention, stability, and 
functional ability. It also improves pa-
tients’ comfort and confidence and de-
creases food particle accumulation under 
the denture, (Figueiral et al, 2012). They 
act by increasing the adhesive, cohesive 
properties, and viscosity between the den-
ture base and the oral mucosa. They swell 
from 50 up to 150 percent of their size 
when they hydrate and fill space between 
denture and tissue and eliminate the voids 
between them, (Shay, 1991). In the pre-
sent in vivo study, a comparison of three 
different types of denture adhesive inside 
the patients’ mouth took place to demon-
strate the denture retention force objec-
tively. All the three experimental types 
of adhesives gave a significant increase 
in retention force compared to the non-
adhesive groups as showed in Table (2). 
Other studies also confirmed these find-
ings, (El Mekawy, 2010; Yegin et al, 2017; 
Chhabra et al, 2018). Super Corega pow-
der denture adhesive used in this study 
showed highly force retention than that 
of Super Corega cream after 15min. Yet, 
after 1h and 2h Super Corega, cream ad-
hesive gave a higher retention force than 
Super Corega powder. However, the differ-
ences in the force retention between the 
two forms of denture adhesives are sta-
tistically insignificant at different intervals. 
That may be due to their similar compo-
sitions, although; the powder decreases 
the denture retention force more rapidly 
with time than the cream, (Chowdhry et 
al, 2010; Kumar and Thombare, 2011) as 
it dissolves more easily in the saliva and 
oral environment, (Chhabra et al, 2018).
Mostly, the modern adhesive has active 
ingredients such as carboxyl group that 
provide strong bioadhesive and cohesive 
forces like carboxymethylcellulose (CMC) 
natural compound and polyvinyl ether-

methylcellulose (PVM-MA) synthetic com-
pound, (Hasegawa et al, 2003; Chhabra 
et al, 2018). The CMC could provide su-
perior initial adhesion if it is used alone, 
but it dissolves quickly due to the highest 
solubility. So, they are used in combina-
tion with PVMMA to apply higher cohesive 
strength for a longer period, (Yegin et al, 
2017). These two components are most-
ly used in the forms of cream, paste, and 
powder that are considered soluble den-
ture adhesive. Insoluble denture adhe-
sives were also available like pads, strips, 
wafers, and a laminated fabric with water 
active components like sodium alginate or 
ethylene oxide polymer impregnated with-
in fabric›s mesh, (Shankar, 2010). In the 
present study, the Fittydent strip or pad 
denture adhesive provides superior force 
retention in all time intervals with a signifi-
cant difference as compared to the other 
denture adhesive types. The same result 
was obtained by Yegin et al, although they 
used the paste form of Fittydent, it con-
tains the same active ingredients of Polyvi-
nylacetate which is an insoluble compound 
and not easily washed out by saliva and 
liquid, (Yegin et al, 2017). So, it provides 
strong viscosity and adhesion for a longer 
time. Other studies also confirmed that 
Fittydent denture adhesive is the most ef-
fective denture adhesive type, (Koronis et 
al, 2012; Yegin et al, 2017; Chhabra et al, 
2018). Moreover, Fittydent manufactures 
claime that Fittydent pads or cushion con-
tain 4 time more adhesive substance than 
other Fittydent cream and powder den-
ture adhesive, It is mostly advisable to 
recommend and use Fittydent strip in the 
severely resorbed mandibular ridge and 
saliva rich condition. Besides that, Core-
gas’ denture adhesive products seem to be 
soluble, while Fittydent adhesive products 
are insoluble. In addition, Coregas’ prod-
ucts of bot powder and cream adhesives 
are CMC free which is important to apply 
a high initial adhesive property, and this 
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could be the reason for the lower adhesive 
property of Coregas’ products.

Conclusions
As a conclusion drawn from this study, 
using the different denture adhesives im-
proved the retention force of the maxillary 
denture base, and the Fittydent denture 
adhesive strips are the strongly recom-
mended and effective type of denture ad-
hesives.
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Abstract 
Oral manifestations of HIV infection are an ongoing clinical burden in developing coun-
tries. The presence of HIV oral manifestations indicates a compromised immune status 
and are markers of disease progression. While the epidemic continues to grow in East-
ern Europe, central Asia, Middle East, North Africa, and Latin America with a significant 
rise in new HIV infections, access of individuals living with HIV to dental professionals 
remains important to address the clinical burden and provide optimum clinical man-
agement. We present a case of a HIV-positive 41-year-old male presenting to the Oral 
Medicine Clinic with various oral manifestations. This case outlines multiple phases of 
the management plan and illustrates pre- and post-management clinical photographs.

Keywords: oral manifestations, HIV, candidiasis, oral warts, sali-
vary gland disease

Introduction
Human Immunodeficiency Virus (HIV) 
disease increases the risk of opportunis-
tic infections in affected individuals due 
to immunosuppression (Maartens G et 
al, 2014). HIV disease targets activated 
CD4+ T-lymphocytes via the interactions 
with CD4 and chemokine coreceptors 
(Maartens G et al, 2014). This mechanism 
constitutes the hallmark of HIV infection 
where progressive depletion of CD4+ T-
lymphocytes results from reduced produc-
tion and increased destruction (Maartens 
G et al, 2014). The failure of CD4+ T-
lymphocytes homeostasis to the level 
necessary to prevent opportunistic infec-
tions lead to several comorbidities (Jung 
and Paauw, 1998). While HIV is known to 
be associated with several comorbidities 

related to the virus, oral conditions are 
among the early indications. HIV-related 
oral manifestations (HIV-OM) occur in 30-
80% of the affected patient population 
(DA Reznik, 2006) the presence of these 
oral manifestations indicates a compro-
mised immune status and are markers of 
disease progression (AR Tappuni, 2020). A 
recent systematic review showed that the 
prevalence of HIV-OM continues to be sig-
nificant in developing countries (El Howati 
and Tappuni, 2018) although oral manifes-
tations are not diagnostic of HIV infection, 
they may suggest possible involvement for 
individuals with unknown HIV status. Clini-
cians are therefore expected to be aware 
and able to recognise HIV-OM infection for 
appropriate care and referral. The present 
case describes the management of HIV-
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OM that were detected by a general dental 
practitioner. The patient was then subse-
quently referred to the Oral Medicine Clinic 
for evaluation and management.

Case Report
A 41-year-old male patient was referred to 
the Oral Medicine Clinic for evaluation and 
management of an exophytic papilloma-
tous lesion involving the lingual gingiva 
of tooth 34. The lesion was asymptomatic 
and therefore the duration of its presence 
was unknown. Extra-oral examination re-
vealed angular cheilitis (Figure 1a). Con-
ventional intra-oral examination confirmed 
the presence of a 1 x 0.5cm pedunculated 
lesion with a papillomatous surface texture 
associated with the lingual gingiva of tooth 
34 (Figure 2a). Clinical examination also 
confirmed the presence of salivary gland 
hypofunction as well as an objective com-
plaint of dry mouth. His medical history 
was significant for HIV diagnosed in 1998, 
gastro-oesophageal reflux disease, hy-
perlipidaemia, epilepsy, asthma, osteopo-
rosis, anxiety, and depression. The latest 
blood investigations showed undetectable 
viral load. A history of smoking 15 ciga-
rettes a day for 5 years was noted, how-
ever the patient ceased smoking in 2005. 
The patient was informed about the possi-
ble relevance of the identified oral lesions 
to his HIV status as well as the manage-
ment approaches including medical and 
surgical options. Additionally, the patient 
was informed on the possible persistence 
of angular cheilitis and recurrence of squa-
mous papilloma which may be determined 
by the stability and/or progression of his 
HIV status. The management plan consist-
ed of multiple phases. The first was the 
application of topical medicaments for the 
management of angular cheilitis and the 
use of local salivary stimulating factors for 
the management of his dry mouth. Hydro-
zole cream 1% to be applied to the corners 
of the mouth four times a day was advised 

to manage angular cheilitis. The rationale 
behind the use of Hydrozole cream 1% is 
its combination of a broad-spectrum anti-
fungal (clotrimazole 1%) with a glucocor-
ticosteroid (hydrocortisone 1%) to relieve 
inflammation as well as eradicating the 
associated candidal infection. Several local 
salivary stimulating factors such as sugar 
free chewing gum were advised. Topical 
products were also utilised including fre-
quent dry mouth oral gels and sprays. The 
second phase of the management plan in-
volved surgical excision of the squamous 
papilloma involving the lingual gingiva of 
tooth 34. An additional supportive thera-
py phase included oral hygiene reinforce-
ment to reduce the risk of dental caries 
and periodontal therapy which was coor-
dinated with the patient’s general dental 
practitioner.

Figure (1): a. Angular cheilitis on initial 
presentation, b. Angular cheilitis follow-
ing one month review.
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Table (1): Based on the EC Clearinghouse 
on Oral Problems Related to HIV Infec-
tion and WHO Collaborating Centre on 
Oral Manifestations of HIV (1993).

 

Discussion
Oral manifestations of HIV infection are 
well reported in the literature. They can 
cause morbidity and affect patients’ qual-
ity of life. A classification of the oral mani-
festations of HIV infection and their di-
agnostic criteria has reached consensus 
following the EC-Clearinghouse on Oral 
Problems Related to HIV Infection and 
WHO Collaborating Centre meeting in 
1993 (Classification and diagnostic criteria 
for oral lesions in HIV infection, 1993). The 
classification of oral lesions is divided into 
three groups; group 1 comprise lesions 
that are strongly associated with HIV in-
fection, group 2 comprise lesions that are 
less commonly associated with HIV infec-
tion and group 3 comprise lesions that are 
seen in HIV infection (Table 1). This case 
has demonstrated oral manifestations that 
are strongly associated as well as condi-
tions commonly associated with HIV infec-
tion, based on the diagnostic criteria of the 
ECC criteria. In the presented case, one of 
the oral manifestations is listed in group 
1 of the classification criteria which is oral 
candidiasis (OC). It has been reported that 
OC is the most reported HIV-OM globally 
since the beginning of the endemic (AR 
Tappuni, 2020). In this case, OC is clinical-

Figure (2): a. Squamous papilloma lin-
gual gingiva of tooth 34; b. Biopsy site on 
review appointment.
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ly seen as angular cheilitis with erythema 
and mild fissuring involving the corners of 
the mouth, with more involvement seen 
in the left corner on presentation (Figure 
1a). The patient was instructed to apply 
Hydrozole cream 1% to the corners of the 
mouth four times a day. After one month, 
the patient was reviewed in the Oral Medi-
cine Clinic and only mild improvement was 
clinically evident (Figure 1b). Upon inves-
tigating the patient’s compliance with the 
frequency of medicament use, it was noted 
that the Hydrozole cream was only used 
twice a day for one month. Nonetheless, 
there were no symptoms associated with 
the clinical presentation of angular cheili-
tis at the review appointment. While OC 
is strongly associated with HIV infection, 
it is considered to be the most common 
oral disease in this group of patients (V 
Ramirez-Amador et al, 2003). The patho-
gen most commonly associated with OC is 
Candida albicans however; other candida 
species such as C. krusei, C. glabrata and 
C. dublinensis are also associated with OC 
in patients with HIV infection (O Lorthol-
ary, 2012). Other than the angular cheili-
tis form, OC can present as erythematous 
candidiasis and pseudomembranous can-
didiasis (M Nokta, 2008). The former has 
been found to be more prevalent among 
patients with HIV than in the general pop-
ulation (GR Thompson et al, 2010). Group 
2 of the classification criteria listed both 
salivary gland disease which includes dry 
mouth due to decreased salivary flow rate 
and human papillomavirus-related oral le-
sions (HPVOL). Both oral manifestations 
were seen to be involved in this case. With 
regards to dry mouth, it has been found to 
be more frequent among men and is a ma-
jor contributing factor to the development 
of dental caries and periodontal disease (M 
Nokta, 2008). Several theories that explain 
the cause of salivary gland hypofunction 
in patients with HIV are proposed. One is 
that elevated levels of HIV RNA may reside 

in lymph nodes within the parotid glands 
during early development leading to sali-
vary gland HIV infection (Palefsky J, 2009; 
LL Patton et al, 2000). A second theory is 
an indirect process where increased CD8+ 
lymphocytic infiltration into lymph nodes 
lead to salivary gland tissue hyperplasia 
manifesting as enlargement of the parot-
id region or salivary gland hypofunction 
(M Steinau et al, 2012), (AD Varnai et al, 
2009). Another theory is the introduction 
of antiretroviral therapy in the mid-1990s 
where studies reported an increased prev-
alence of salivary gland disease including 
reduced salivary flow in patients with HIV 
(JE Cameron et al, 2005), (D Greenspan 
et al, 2001), (I Greenwood et al, 2002). A 
wart-like lesion involving the lingual muco-
sa of tooth 34 was surgically excised and 
histopathological assessment confirmed 
the diagnosis of squamous papilloma. 
The microscopic description of the biopsy 
specimen showed mature fibrous connec-
tive tissue covered by parakeratinised hy-
perplastic stratified squamous epithelium 
arranged as multiple exophytic blunt end 
projections, consistent with squamous 
papilloma. On the review appointment 
post-biopsy, successful healing of the bi-
opsy site was confirmed clinically (Figure 
2b). Although HPVOL are less commonly 
associated with HIV infection according to 
the classification, an increase in oral warts 
was noticed concurring with the introduc-
tion of highly active antiretroviral therapy 
(HAART) (G Anaya-Saavedra et al, 2013). 
This is further studied and was shown that 
patients with an undetectable viral load 
had a 6-fold risk of presenting HPVOL (G 
Anaya-Saavedra et al, 2013).  Another 
study proposed that oral warts may rep-
resent a form of immune reconstitution in-
flammatory syndrome (IRIS) in response 
to cell-mediated immune function (MD King 
et al, 2002). Most HPVOL are benign and 
may be diagnosed as squamous cell papil-
loma, verruca vulgaris, condyloma acumi-
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natum or multifocal epithelial hyperplasia. 
HPVOL are usually associated with low-
risk human papillomavirus types, howev-
er, high-risk types were also identified (M 
Steinau et al, 2012; AD Varnai et al, 2009; 
Paparotto and Meeks, 2001). Moreover, 
the prevalence of HPVOL was found to be 
higher in HIV patients with oral candidi-
asis and oral leukoplakia compared with 
HIV patients without lesions (M Fatahza-
deh et al, 2013). While diverse immuno-
logical abnormalities are thought to be 
the cause for the development of HPVOL, 
prolonged immunosuppression in HIV pa-
tients is also considered to prevent the re-
verse of lesions with therapy (JE Cameron 
et al, 2005). The overall management of 
the presented case focused on reinforcing 
oral hygiene measures to reduce the risk 
of dental caries and periodontal disease, 
encouragement to use local salivary stimu-
lating factors to ameliorate the symptoms 
of dry mouth and the treatment of angular 
cheilitis. While there is no consensus on 
the treatment of HPVOL in HIV patients, 
the patient consented to surgical excision-
al biopsy of the squamous papilloma. Reg-
ular dental visits for long-term periodontal 
therapy were arranged with the patient’s 
general dental practitioner. Symptoms of 
dry mouth were improved significantly fol-
lowing the use of topical measures only. 
Additionally, there also seem to be a mild 
improvement of angular cheilitis following 
the use of Hydrozole cream 1%, despite 
non-compliance with the frequency of use. 
Although the mentioned conditions were 
the only oral manifestations associated 
with HIV infection in this case, others (Ta-
ble 1) are still quite prevalent.

Conclusion
This case has demonstrated the manage-
ment of HIV-related oral manifestations. A 
management plan consisted of oral health-
care measures such as oral hygiene re-
gime and instructions for the management 

of dry mouth were implemented. Minimal 
improvement in angular cheilitis might be 
attributed to poor compliance with fre-
quency of medicament use. Understanding 
of the recognition and significance of the 
large spectrum of oral manifestations with 
HIV infection remain a significant clinical 
challenge in the developing world.
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