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Implant-supported crown as an alternative for missing teeth 
 
1Michael Josef Kridanto K, 1Harry Laksono, 2Birgitta Dwitya Swastyayana Subiakto 
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ABSTRACT 
The use of dental implants to support fixed or removable restoration is widely used as treatment modality. The 
advantages are increased retention, chewing ability, and easy access to oral hygiene procedures. A missing tooth 
that needs to be replaced completely can be restored using an implant-supported crown. The aim of this study is 
to rehabilitate maxillary partial edentulous with implant supported crown. A 66-year-old male patient came to the 
clinic, wanted to replace partial edentulous after extraction of 13 and 14, needed fixed restoration in order to eat 
and chew well, and expected high aesthetic result. This patient had experienced using implants to replace teeth 
loss in other regions. Patient wanted to have implant treatment with fixed restoration because he had experienced 
with the same treatment before in another region, so the prosthodontic treatment option was using implant 
supported crowns. Implant supported crown can be an option to replace partial edentulous. 
Keyword: implant supported crown, fixed restoration, dental implant 
 

INTRODUCTION  
Dental implants, also known as oral or en-

dosseous implants, have been used to replace 
missing teeth for more than half a century. Den-
tal implant restoration has been considered to be 
one of the most reliable methods for treating par-
tial or full edentulism. They are considered to be 
an important contribution to dentistry as they have 
revolutionized the way by which missing teeth are 
replaced with a high success rate. This success 
depends on the ability of the implant material to 
integrate with the surrounding tissue. However, 
this integration is influenced by several factors, 
such as implant materialS, bone quality and 
quantity, and the implant loading condition.1 

Bone graft is frequently accompanied with 
dental implant surgery. Various types of bone 
graft materials are used such as the autogenous 
bone, allogenic bone, xenogenic bone, and syn-
thetic materials. The most frequently used surgi-
cal methods for bone grafts are guided bone re-
generation (GBR), block bone graft (BBG), sinus 
lifting via lateral window, and bone-added osteo-
tome technique. GBR procedure needs bone graft 
materials and a membrane for selective occlu-
siveness. Bone graft materials can be used solely 
or mixed together in different proportions.2 Similar 
cases of bone defects can be treated differently 
according to the surgeon’s preference. 

The aim of this study is to rehabilitate maxillary 

partial edentulous with implant supported crown.  
 

CASE 

A 66-year-old male patient came to the clinic 
wanted to replace partial edentulous after extrac-

tion of 13 and 14. This patient wanted fixed res-
toration in order to eat and chew well and ex-
pected high aesthetic result.  

This patient had experienced using implants 
to replace teeth loss in other regions. In this case, 

patient lost his canine and first premolar on the 
right maxilla. Patient wanted to have implant treat-
ment with fixed restoration because he had ex-
perienced with the same treatment before in an-
other regions, so the prosthodontic treatment 
option was using implant supported crowns. 

 

MANAGEMENT 
The first stage when the patient came for a 

consultation was taking X-ray. The X-ray shows 
a defect due to tooth extraction 13 and 14, which 
was done by adding bone graft in the area. On 
the next visit an implant placement Ø 3.3 x 8 mm 
(Straumann, Switzerland) was followed by bone 
grafting and membrane (Straumann, Switzerland) 

 
Fig 1 X-ray panoramic 
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in areas 13 and 14. Then a healing screw was 
placed to help guide the gingiva in the proper way 
to heal. Then, wound closure was performed by 
tension-free repositioning and suturing of the flap. 

 

 
 
 
 
 
 
 

Fig 2A Two bone level implant fixture were inserted at 
region 13 and 14; B bone graft application, wound clo-

sure by tension-free repositioning and suturing of the flap 
 

After 6 months, the healing screw was open-

ed and a screw abutment was placed, which is the 
part that screws into the implant and will support 
the crown. Once the abutment was placed, we 
took another impression of the abutment for each 
replacement tooth. Then the patient got a tempo-

rary crown while the tissues continued to heal and 
form around the artificial tooth as with the natural 
teeth. The patient wore the temporary crown for 
four to six weeks. During this time, the permanent 
crown would be made. Then, the final stage of the 
procedure was placing the crown. Crowns were 
screwed into the abutment to this patient. 

 

 
 
 
 
 
 

Fig 3A Healing screws were opened 6 months after 
implants insertion; B two cemented abutments were 

engaged to the implants 
 

 
 
 
 

 
 

Fig 4A Two plastic protective caps were used to pro-
tect the abutments during laboratory process; B 2 por-
celain fused to metal were chosen as final restorations. 

 
DISCUSSION 

Dental implants have been used to replace 
missing teeth for more than half a century. Den-
tal implant considered to be an important con-
tribution to dentistry by which missing teeth are 
replaced with a high success rate. This success 

depends on the ability of the implant material to 
integrate with the surrounding tissue. 

Placement of implants requires sufficient bone 
volume and biologic quality. Some cases need 
socket preservation or ridge preservation. In this 
case, there is resorption of the edentulous ridge 
post extraction which make socket preservation 
or ridge preservation necessary. 

These procedures involve filling the socket with 
bone or bone substitute material, with or without 
membrane. The aim of ridge preservations are 
filling the socket (wound care), preservation of 
ridge volume (ridge preservation), and new bone 
formation (osteogenesis). Dental implant is con-
sidered as the most reliable and convenient treat-
ment for partial and full edentulism. Long-term fol-
low-up of the implants showed successful survival 
rate of over 90 %.3 

In several studies, 50.3% of the patients re-
quired bone graft during implant surgery. The an-
terior maxillary area required more than 77% bone 
graft. Because of the high esthetic demands in 
the anterior maxilla, bone augmentation was per-
formed even though there was no bone fenestra-
tion or dehiscence.3 Autogenous bone graft in ex-
posed threads of the implant was suggested as 
a golden standard. After autogenous bone graft, 
xenogenic bone and absorbable membrane were 
used for additional augmentation for long-term es-

thetic results. At least 1.5~2 mm of buccal bone is 
required for esthetic results in the anterior maxilla.4 

In this case, bone grafting was decided be-
cause of the presence of thin labial plate in areas 
13 and 14. The indications for GBR are dehiscence 
or fenestration wound or thin labial plate which 
was expected to resorb during healing. If the width 
of the residual alveolar bone in the anterior maxilla 
was less than 3 mm, BBG was performed. BBG 
was performed in the anterior maxilla most fre-
quently than in any other sites.5 

During GBR procedures, xenogenic bone with/ 
without autogenous bone was the most common-
ly used. The advantages of the xenogenic bone 
include slow bone resorption during the healing 
phase and its wide availability. Although there 
was no bone dehiscence, xenogenic bone was 
recommended to graft for the augmentation of 
the labial bone. In this study, absorbable mem-
brane (Straumann, Switzerland) was used for 
GBR procedure.5 

In this case, the retention of the restoration 
relies on the retaining screw. Nevertheless, the 
restoration can be removed and/or replaced when 
required, without damage or need a new restora-
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tion. The adaptation between the restoration and 
the underlying implant is usually better than that 
in the case of its cement-retained counterpart. It 
can be used when the vertical restorative space is 
limited as the retention depends on the screw, but 
is contra-indicated when mouth opening is limit-
ed, as the use of the different tools required for 
screwing and torqueing the screws may not be 
possible.2 

However, the use of a screw-retained resto-
ration may be considered when the implant plat-
form is situated deep sub-mucosally, as complete 
removal of cement is not always possible when a 
cement-retained restoration is used. The screw 
type is not indicated when the screw hole is point-

ed at the labial surface as this compromises the 
aesthetics. Hence, the implant should be placed 
in its optimal position and angulation to avoid ne-
gative effects on aesthetics, otherwise an angled 
abutment may provide an acceptable alternative. 

So, it was concluded that Implant can repla-
ce missing teeth to restore masticatory function 
and aesthetic for the patient. Bone graft was ne-
cessary to augment the defect areas during im-
plant surgery. The success of any implant su-
pported restoration is dependent on the inter-
action between the patient and the dental per-
sonnel. Maintaining good oral hygiene and com-
mitting to regular check-ups are the responsibi-
lity of the patient. 

 
REFERENCES 
1.  Zupnik J, Kim S, Ravens D, Karimbux N, Guze K. Analysis. J Periodontol 2011;82:1390–5.  
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Anterior repositioning splint treatment consideration for cases of disc 
displacement with reduction 
 
1Steven Alexander Tjang, 2Ira Tanti 
1Prosthodontic Residency Program  
2Prosthodontic Department 
Faculty of Dentistry, Indonesia University 
Jakarta, Indonesia 
Corresponding author: Ira Tanty, email: iratanti@ymail.com 
 

ABSTRACT 
The focus of this literature review is to explore the process of disc displacement with reduction (DDWR) and how 
the treatment using anterior repositioning splint (ARS) can positively affect patients who are diagnosed with DDWR. 
The use of MRI as the gold standard of TMJ study allows current researcher to re-consider the common theory 
whereby DDWR ultimately progresses into disc displacement without reduction or other advanced internal derange-

ment process. The use of ARS can produce resolution of pain in patients who are experiencing DDWR with joint 
pain. However, the use of ARS is shown to be effective on short term only, and its use must be accompanied by 
other modalities such as physical self-regulation (PSR). The lack of gold standard for the treatment of DDWR 
prompts healthcare worker to provide patients with conservative treatment before offering more advanced and 
sur-gical procedure, both of which carries additional unwanted risk. Overall, the use of ARS is shown to be very 
effective and non-invasive.  
Keywords: disc displacement with reduction, anterior repositioning splint, TMD 
 

INTRODUCTION 
Temporomandibular disorder (TMD) is a 

group of conditions that involve masticatory mus-
cles, temporomandibular joint (TMJ) and the sur-
rounding structures. Generally, the term intercap-
sular disorders involves muscles of mastication, 
whilst intracapsular disorder involves temporo-
mandibular joint complex. From the myriads of in-
tracapsular disorder variations, disc displacement 
with reduction (DDWR) conditions comprises of 
41% of the diagnoses of TMD that is often founded 
by clinician.1 Observation of the condition of DDWR 
under magnetic resonance imaging (MRI) show 
articular disc position located more anteriorly than 
normal during maximum intercuspation. During 
mouth opening, articular disc will return to a nor-
mal position, whereby the returning motion of con-
dyle to normal position from anterior position cre-
ates the clicking sound. DDWR can be accom-
panied with pain or without pain. A recent pub-
lications show 31% of patients has no signs of 
painful condition.2 

Correlation between pain and TMD is still a 
matter of debate. Okeson explained that intracap-
sular disorder can occur on patients with ortho-
pedically unstable TMJ as well as unfavorable 
masticatory force. However, not all orthopedically 
unstable TMJ will lead to intracapsular disorder, 
and therefore therapy is not always indicated.1 
The high prevalence of DDWR among general 
population causes confusion for both patient and 
clinicians in terms of the risk factor associated with 

the progression on DDWR. A literature review is 
important to determine whether DDWR treatment 
will be needed and/or the degree of treatment 
that can be provided for patient.2 

The use of anterior repositioning splint (ARS) 
has been known as one of the treatment alterna-
tives for DDWR with a good success rate. A short-
term use of ARS has been shown to be able to re-
duce painful symptom associated with DDWR. 
However, several researchers found that the long-

term use of ASR can cause relapse to DDWR, 
making articular disc condition return to a state 
before treatment.2,3 

This literature review will revisit DDWR, its 
progression, the need to alleviate the condition 
and ultimately to determine whether the use of ARS 
can become a routine procedure to treat and re-
solve DDWR that often becomes patient’s chief 
complaint. 

 
METHODS 
Focused questions 

Using patient, intervention, comparison, out-
come (PICO) format, the following criteria were 
framed for this literature search, that is P: pati-
ents with DDWR that seeks treatment for their 
condition due to the presence of pain and/or click-
ing sound; I: patients instructed to use ARS as a 
form of treatment for DDWR; C: comparing the 
position of articular disc within TMJ complex be-
fore, during and after treatment with or without the 
use of ARS. Pain and clicking evaluation before 
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and after treatment with ARS compared to without 
the use of ARS. Comparisons performed using 
MRI; O: effectiveness of ARS with the following 
outcome that is pain resolution, clicking sound re-
solution and resolution in disc position within the 
TMJ complex. 

 
Search strategy method 

Using electronic search of three databases, 
MEDLINE (Via PubMed), Cochrane Library and 
Scopus, was performed to identify the relevant 
literature. Articles that are published in the last 10 

years, from January 2010 to December 2019, were 
considered. The following combination of keywords 
was applied ((ARS [All Fields] OR anterior re-
positioning appliance [All Fields]) AND (DDWR [All 
Fields] OR TMD [All Fields] OR TMJ dysfunction 
[All Fields] OR TMJ disease [All Fields]) AND 
(MRI [All Fields] OR MRI [All Fields])). 

Additionally, manual search of relevant arti-
cles was performed. Articles published between 
the year 2010 through the latest, which is 2019, 
was performed in the following journals: Journal 
of Cranio-Maxillofacial Surgery, Journal of Oral 
Rehabilitation, Scientific Reports, Journal of App- 
lied Oral Science.  
 
Inclusion and exclusion criteria 

The following inclusion criteria were applied: 
any case series, prospective, retrospective, cohort 

studies, controlled clinical trials, or randomized cli-
nical trials with five or more patients included, full 
text in English, and a minimum of patient follow-
up performed after treatment. 

The following exclusion criteria were applied: 
in vitro studies and animal studies 
 
RESULT 

Using the search strategy, 14 articles from 
Cochrane Library, 6 articles Scopus, and 5 articles 

from MEDLINE via PubMed. Using the inclusion 

and exclusion criteria, 6 articles were selected to 
be part of inclusion criteria. 

Article by Liu et al evaluated the effect of bite 
position when different splint treatments are used 
to a sample of 37 subject with a mean age of 18.8 
+4.3 years old. Maximum intercuspation was used 
as control, while ARS is being compared with sta- 
bilization splint. Measurement using MRI is per-
formed by determining the disc-condyle angle du- 
ring the use of the splint. In this study it was shown 
that ARS improves relationship between disc con-

dyle more than stabilization splint and control. 
However, it is also shown that transitory posterior 
movement of the disc also occurred. Here the au-
thor mentioned that as soon as ARS is no longer 
being used, articular disc will return to its displaced 
position. The long term effect of continual use of 
ARS is not being investigated. 

Chantaracherd investigated more about the
 
Table 1 The 6 journals selected to be part of inclusion criteria 

Author Findings on pain 
resolution 

Findings on clicking 
resolution 

Findings on change in discal 
recapture after the use of ARS 

Liu et al5 No information on pain ARS resolve clicking sound, 
but the sound returns after 
no longer using ARS 

Disc recapture was more significant in 
the use of ARS when compared to con-

trol and SA (stabilization appliance) 
Chantaracherd 
et al4 
 

Using characteristic pain in-

tensity (CPI), ARS is statisti-
cally significant up to 3 mo-
nths after treatment end 

ARS use has no impact 
on clicking sound 

No information on discal position 

Ma et al6 Statistically significant 
reduction in joint pain 

Statistically significant 
reduction in joint clicking 

Disc recapture was statistically signifi-
cant in younger subject (early adoles-
cent) but not in older (late adolescent) 

Litko et al8 Statistically significant in 
joint pain 

No information in joint 
clicking, but patient with 
limited mouth opening 
show sign of improvement. 

No information on disc recapture, but 
correlation is made between the 
severity of disc displacement with 
restriction in mouth opening. 

Xie et al7 No pain is reported after 
the use of ARS 

No information in joint 
clicking 

No information in disc recapture, but in 
adolescent patient it shows mandibular 
asymmetry for patient who does not 
receive ARS after 6 months follow up 

Chen et al3 Pain resolves after treat-
ment with no recurrence 

Joint clicking sound com-
pletely disappeared du-
ring observation period 

Disc recapture is shown from the time 
of ARS use and up to 6 months post-
treatment. After that period, disc recap-
ture only appears in 40.6% of subject 
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conventional pathway of the progression of DDWR 
to disc displacement without reduction (DDWoR). 
The use of ARS is shown to alleviate pain in pa-
tient with DDWR, but patient without pain that do 
not use ARS is also shown to remain stable for 
years after observation. It seems that the pro-
gression of DDWR to DDWoR, as we previously 
believed, is not an absolute theory, because some 
people, especially older people, can experience 
DDWR without progressing to degenerative di-
sease. Therefore, in this cross sectional studies 
there is not association between TMJ intra-arti-
cular status and TMD impact. 

Ma et al tries to determine the efficacy of ARS 
in DDWR patient with class II occlusal relationship 
in 91 subjects with mean age of 15.7 years old. 
The observation was performed using MRI and 
images were taken before treatment (T0), after 
bite registration (T1), at the end of treatment (T2), 
and 12 months after treatment (T3). In this study 
it was shown that the efficacy of ARS decreases 
over time. However, from clinical and MRI findings 
it can be concluded that ARS is an effective treat-
ment modality in DDWR, especially for patients 
in early puberty. 

Litko et al analyses the degree of DDWR with 
restriction in mouth opening; 191 patients: 148 wo-
men and 43 men ages 14-60 years old, that are 
diagnosed with DDWR were treated and found 
that the severity of DDWR from sagittal is sta-
tistically significant predictor in mouth opening. 
The association of disc displacement and TMJ 
internal derangement were made in this journal, 
and no clicking is mentioned during the trial. 

Xie et al studies how DDWR affects mandibu-
lar asymmetry in adolescent patient. In this self-
control longitudinal study, craniofascial growth 
were recorded at least 6 months in 40 patients 
ages 10-20 years, and found that if DDWR is not 
treated, then the severity of mandibular asymme-
try during growth increases. There is no mention 
on joint pain and clicking associated with DDWR. 

The study by Chen et al examines the short 
and long term effect of ARS on disc condyle by 
metric analysis by Draze-Enazmann Disc condyle 
angle using MRI. 32 TMJ were studied and MRI 
image were taken before the study, immediately 
post-insertion and 6 months after treatment. The 
study found that ARS has a good short term effect 
on disc condyle complex with relatively lower effi-
cacy in long term of 6-months observation period. 

When comparing results between the articles, 
many heterogenities of results are shown in terms 
of subject choice, methods of assessment, and 

factors to be considered. Some articles, such as 
Ma et al and Xie et al uses subject ages 12-18 
years old to assess the treatment of DDWR on 
a subject that are still undergoing growth stage. 
This can produce different result when compared 
to older subject who are no longer growing. More-
over, some subjects use questionnaire as a form 
of assessment in terms of improvement, such as 
Chantaracherd et al and Litko et al, whereas 
other researchers use MRI as the gold standard 
of TMJ assessment. These differences need to 
be taken into account when analyzing the results 
that they have. 

In general, these articles have similarity in 
conclusion especially 1) the use of ARS is an ef-
fective modality to treat DDWR. Results is statis-
tically significant during and post-treatment. How-
ever, after 6 months, some patients have their 
condition relapsed back into DDWR. Therefore 
longitudinal studies are needed to further assess 
the efficacy of ARS; 2) the lack of treatment of 
DDWR does not lead into further disc derangement 
disorder such as DDWoR or other degenerative 
disorder. These chains of causality must be in-
vestigated further. 
 
DISCUSSION 
Disc displacement with reduction 

DDWR is known to be the most common in-
ternal derangement of TMJ condition in the ma-
jority of the population.6 When teeth occlude, ar-
ticular disc is positioned more anterior than normal, 
and often reduced to normal position during mouth 
opening. This condition is thought to be caused 
by biomechanical pressure that the condyle re-
ceive against mandibula, which can cause pro-
gressive change in function and form. Various 
factors that potentially play a role in increasing the 
risk of DDWR can be summed into microtrauma 
and macrotrauma. Macrotrauma, such as auto-
mobile accident or a physical hit to lower jaw, can 
be easily found out during anamnesis. Microtrau-
ma, however, can be undetected when exam-
ined with an inexperienced clinician. One of the 
example of microtrauma is bruxism2, and  ortho-
pedic instability that can happen in tooth arrange-
ment that are unstable. It can also happen to 
Angle class II division two which is often found to 
have positive correlation with DDWR. Other con-
dition, such as hypoxia reperfusion injury is also 
another form if microtrauma whereby overloading 
joint overtime can cause soft tissue degradation. 
Damage to collagen fibril causes reduction in col-
lagen network, and secretion of synovial fluid from 
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articular disc creates a more tender disc. This 
condition is also known as chondromalacia. When 
this condition left untreated, articular disc adhe-
sion can occur at the superior compartment of 
articular disc, which contributes to DDWR.1  

The progress of DDWR can be explained 
through elongation of discal collateral ligament. 
Thinning of the posterior border of articular disc 
can also cause to displace articular disc anteriorly, 
which shifts condyle position to a more posterior 
position, closing in to retrodiscal tissue. This could 
potentiate into DDWR with painful symptoms due 
to aggravation of retrodiscal tissue. When patient 
opens their mouth, the motion of mouth opening 
cause changes in articular disc position.2,9 
 

Figure 1 DDWR; A during maximum intercuspation, 
articular disc (yellow arrow) is located more anteriorly 
in its relation with TMJ’s condyle fossa complex; B during 
maximum mouth opening position, articular disc re-
turns to normal position, where it articulates well in bet-
ween condyle and articular eminence.2 

 
The prevalence of DDWR is higher among 

women than men. It is speculated that the joint 
laxity of women’s joint articulation along with high-
er intra-articular pressure is one of few probable 
causes of this discrepancy when compared to 
men. Furthermore, there are positive correlation 
between an increase in age and an increase in 
prevalence which is thought to be caused by the 
change in articularis disc dimension along with 
advancing age.2 Other researcher have found that 
an estrogen receptor within women’s TMJ complex 
allows them to speculate that changes in metabo-
lic function due to fluctuation in women’s estro-
gen level can cause changes in flexibility of TMJ’s 
ligament.6 These findings are thought to contribu-
te to the increasing number of women who 
suffers from DDWR when compared to men. 

It has been suggested that DDWR would be 
the first stage of disc displacement, and its pro-
gress to DDWoR, retrodiscitis or other intracap-
sular disorder is inevitable. However, such spe-
culations is not consistent to all conditions and 
types of DDWR. Researchers have found that, 
from the study of 155 TMJ patient with DDWR, 

93.5% of them would not have this condition pro-
gresses; only 6.5% of these patients, or six TMJ, 
that progresses into DDWoR. The condition of 
DDWR can continue to remain unchanged as long 
as patient has an adaptive capacity to withstand 
clicking. The most common findings of adaptive 
capacity are in a form of retrodiscal fibrosis, where 
bilaminar zone of TMJ created fibrotic structures 
as an evidence of adaptive capacity of articular 
disc. This conditions can be stimulated through 
the use of occlusal splint (Fig 2).2,6,9 

Figure 2A The condition of DDWR within TMJ complex 
before treatment, viewed using MRI; B TMJ complex 

after treatment with occlusal splint. Bone apposition can 
be seen in posterosuperior region of the condyle and the 
formation of retrodiscal fibrosis within the retrodiscal 
tissue.6 

TMJ complex to confirm DDWR can be 
examined using MRI as the gold standard.2,5,8–10 
MRI can accurately show the morphology and 
the articular disc position in relation to the bone 
structures within TMJ. The specificity value is 
around 88-90% with sensitivity value between 78-
83.3%.2,3,5

 Several techniques available to analyze 
articular disc position in relation to condyle and 
fossa. One of the more common technique is the 
Draze-Enazmann method. Point C is designated 
as the centric point within the condyle head, while 
Point D is the middle point within the posterior 
margin of posterior articular disc. Line 1 can then 
be created from point C and be made perpendi-
cular to Frankfort Horizontal plane. Line 2 can be 
made by joining point C and D. when Line 1 and 
2 are examined, the angle made between these 
two lines is known as disc-condyle angle. The 
normal value of this angle is between -15° and 
+15°. When the value is larger than +15°, then it 
is an indication of DDWR condition being posi-
tive (Fig 3).3,5  

Ultrasonography can be used as an alterna-
tive way to examine the condition of DDWR. This 
technique has specificity value of 66.7% and sen-
sitivity of 78.6%. The drawbacks of USG is the lack 
of standardized examination technique, so it’s 
accuracy varies in each examination when com-
pared to MRI.2 
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Figure 3A Examination of DDWR using MRI and Draze-
Enazmann method. Point C is the centric point of the 
condyle head, while point D is the middle point of the 
posterior margin of articular disc. Line 1 can be made 
from point C and be made perpendicular to Frankfort 
Horizontal plane, while Line 2 is made by joining point 
C and D. between Line 1 and 2, it will create an angle 
known as disc-condyle angle; B coordinate measure-

ment of articular disc position and condyle head.3,5 
 

Aside from the advancement of technology, 
manual examination remains preferred examina-
tion method of choice is most TMJ dysfunction 
case. According to the Diagnostic Criteria for TMD 
(DC/TMD),11,12

 examination of DDWR must meet 
at least one of these criteria: 1) in the last 30 days, 
any TMJ noise(s) present with jaw movement or 
function, or 2) patient report of any noise during 
the exam. 

During the examination, patient must expe-
rience at least one of the following: 1) clicking, 
popping, and/or snapping noise during both open-
ing and closing movement, detected with palpation 
during at least one of three repetitions of jaw 
opening and closing movement, or 2) clicking, 
popping and/or snapping noise detected with pal-
pation during at least one of three repetition of 
opening or closing movement, and 3) clicking, pop-

ping, and/or snapping noise detected with palpa-
tion during at least one of three repetition of right 
or left lateral, or protrusive movement(s). 

The use of imaging is the reference standard 
for this diagnosis. The use of panoramic imaging 
provides 34% sensitivity value and 92% specificity 
value.11,12

 However, other research found that the 
methode proposed using DC/TMD only provides 
44% sensitivity value and 46-57% specificity value 
in evaluating DDWR.2 

According to Jeffrey Okeson, DDWR should 
have the following criteria: 1) there is a single joint 
sound during opening and closing movement in 
one or both TMJ. Joint sound does not include 
reciprocal sound or crepitation sound; 2) can have 
association with joint pain; 3) normal mandibular 
motion, with maximum mouth opening more than 
40 mm when measured from incisal edge of upper 
central incisive against lower central incisive tooth. 

Anterior repositioning splint 

Fabrication of ARS was first proposed by 
Farrar in 1970.3 The purpose of ARS is to return 
association between disc-condyle-fossa complex 
into normal position. When mandible is positioned 
more anterior dan maximum intercuspation (MI) 
by using ARS, this provides stability to TMJ. The 
use of reverse incline on ARS in the anterior 
maxillary region will provide guidance to occlude 
in a more anterior position (Fig 4).6  

Figure 4A Full coverage ARS on anterior maxilla using 
the reverse incline plane bite block on palatal as gui-
dance so that mandibula can be positioned more anteri-
or; B-D occlusal re-establishment after the use of ARS. 6 

 

The treatment mechanism of ARS as a mode 
of therapy is still debatable. Two theories emerge 
that are generally acceptable among researcher. 
One of them is the ‘recapturer’ theory who stipu-

lates that as condyle is placed more anteriorly, 
the relationship between disc-condyle-fossa allows 
articular disc to recapture a normal relationship by 
guiding condyle to occlude along the posterior 
slope of articular eminence through periodic modi-
fication of ARS. With repeated use for short pe-
riod of time, articular disc can stimulate bone ap-
position along the posterosuperior area of condyle 
and/or creating fibrotic structures along the retro-
discal tissue (figure 5).3,6,9 Another theory propo-
ses that after the use of ARS, clinician must res-
tore the whole dentition so that mandibula will re-
turn to therapeutic position, which is a position 
that locates condyle more anteriorly. This is known 
as the ‘rebuilders’.3 Okeson stated that the ‘re-
capturer’ theory is more acceptable because 
fibrotic structure along the retrodiscal tissue can 
remove pain symptoms that is associated with 
DDWR. Furthermore, mandibular position would 
be able to return back into a musculoskeletally 
stable position, when compared to rebuilders that 
maintains therapeutic position more anterior than 
muskuloskeletally stable position.1,9 
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 Figure 5 (A) DDWR before treatment. (B) DDWR after 
placement of ARS, where articular disc is recaptured 
to a more normal position in maximum intercuspation 
where loading of the joint is transferred within the thin 
intermediate zone between condyle and fossa. (C) Fi-
brotic structure is made as an adaptive response to the 
use of ARS after 6-8 weeks. Retrodiscal tissue does not 
elicit joint pain because of its fibrotic structure. (D-F) A 
diagrammatic representation of A-C, respectively.3 

 
Primary indication of the use of ARS is to 

treat DDWR as well as disc displacement with in-
termittent locking on mandibula. The use of ARS 
has also been shown to be able to treat single 
clicking or reciprocal clicking joint that can be 
accompanied with pain. Patient with retrodiscitis 
can find some relief using ARS. 

ARS commonly use hard acrylic and adapted 
on one of the jaws, usually the maxilla. Maxilla is 

the preferred choice because it is easier to make 
reverse incline ramp on a more stable occlusal 
surface when compared to mandible which is more 
mobile. A 2 mm thickness is often enough to 
provide an adequate strength to the appliance. The 
incline ramp will guide mandible to a more anterior 
position. Appliance will be used and its efficacy 
will be evaluated. If symptoms do not improve, 
then patient’s condition will be re-evaluated.  

When ARS fails to relieve symptom, there 
is a possibility that the etiologic factor has not been 
addressed. Pain can come from TMJ complex, or 
better known as intracapsular pain, or it can also 
come from muscle, also known as intercapsular 
pain or myogenous pain. When pain comes from 
muscle, then symptom relieve can progress slow-
ly, because of protective co-contraction muscle 
response that can cause uncomfortable muscle 
tension which can sensitize joint. Repeating diag-
nostic procedure becomes important for clinician 
to be able to better determine etiologic factor of 
each individual patient.1,9 

Success rates is one factor that needs to be 
considered to determine the efficacy of the use 
of ARS. According to Okeson, joint sound cannot 
be the determining factor of ARS’s success, be-
cause long term studies have indicated that more 
than 50% of patients after ARS treatment will have 
returning joint sound. Moreover, when factors that 
determine success includes the reduction of joint 
sound and pain resolution, the success rate of 
ARS treatment is only 28%. However, if we modi-
fy the factors to only the resolution of pain, then 
the success rate increases into 75% over an ob-
servation period of 2.5-5 years.13 Joint sound has 
been found to be more resistant to repair when 
compared to pain resolution after the use of ARS. 

The use of MRI has become the golden stan-
dard to evaluate articular disc position prior, du-
ring and after the insertion of ARS. This obser-
vation is to help us determine whether joint sound 
can become the cause of DDWoR. The findings 
are summarized on table 1, and it can be con-
cluded that ARS can become a viable treatment on 
joint pain to patients with DDWR, and joint sound 
does not determine the failure of ARS treatment; 
only 6% of patient with joint pain and DDWR that 

progresses into other internal derangement condi-
tion such as DDWoR or joint locking.1–3,9

 the use of 

ARS gives opportunity for retrodiscal tissue to 

adapt and form fibrotic structure to allow TMJ to 

function without joint pain while maintaining a 
more anterior positioned articular disc. 

The use of ARS should meet the following 
criteria during insertion: 1) ARS must adapt well 
with the corresponding natural teeth so that re-
tention and stabilization of splint can be maintain-
ed well. Retention should be examined by palpa-
ting the splint in patient’s mouth; 2) in a protruded 
mandible position, all mandibular teeth must con-
tact evenly, where mandibular cusp have some 
contact with the occlusal surface of ARS; 3) the 
protruded position that is made from the splint must 
resolve symptoms during opening and closing of 
mouth at the new position; 4) during retruded 
mandible position, reverse incline ramp must con-
tact the opposing teeth. As mandible elevates, 

splint must guide mandible to therapeutic mandi-
bular position; 5) ARS must be polished to have 
an even surface. 

Post-insertion instruction varies among rese-
archer; some pointed out that the use of ARS 
should be use for 24 hours, and only removed du-
ring eating and brushing teeth. Ma et al recom-
mend creating a 5 mm thick ARS to remove reci-
procal clicking, where occlusal grinding was per-
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formed to reduce ARS thickness 1 mm for every 
4-6 weeks in the posterior region to induce vertical 
eruption of patient’s teeth and achieve occlusal 
plane levelling. Patient will use ARS for 1-3 months, 
and deemed successful when joint clicking and 
pain did not return after 1-3 months post-treat-
ment.6 According to Chen et al, the use of ARS 
should have at least 3 months of use for 24 hours, 
and continues by wearing ARS only at nighttime.3 

Okeson suggest that the use of ARS should 
be limited on nighttime only. Daytime use reserves 
to condition where patient cannot tolerate joint pain 
during working hours, and the use is limited to 
resolving the pain only. When the pain resolves, the 
use of ARS should be discouraged, as to prevent 
changing mandible’s position more anteriorly. In 
addition, patients were instructed with physical 
self-regulation (PSR) regimen to aid in TMJ treat-
ment. The goal of PSR is to make patient conscious 
of their condition, also known as cognitive aware-
ness, in terms of spatial position of their mandible 
so that patient can reduce non-functional contact 
and excessive muscle activity actively to aid in 
TMD joint pain management. PSR involves pro-
prioceptive practice and relaxation techniques.9 

Treatment becomes tricky when patient’s main 
complaint is a very loud joint sound. For the majo-
rity of patients, patient’s education is the treatment 
of choice. There is no standardized treatment of 
TMJ joint sound, so healthcare practitioner must 
perform conservative treatment as treatment of 
choice through education, PSR, occlusal splint, 
and muscle exercises of the jaw. Invasive treat-
ment is rarely indicated during DDWR because of 
the many risk associated with invasive surgical 
procedure.  

When the use of ARS does not improve pain 
tolerance, healthcare workers need to consider 
two possibilities. One is that the adaptive process 
of retrodiscal tissue in inadequate in creating fi-
brotic structure to allow this tissue withstand func-
tional load. In this case, the use of ARS must be 
lengthened to provide opportunity for the structure 
to adapt. However, if pain is caused by ortho-
pedic instability, then patient may have returning 
symptoms after treatment with ARS. In this case, 
dental treatment needs to be administered so as 

to attain orthopedic stability. The treatment is sel-
dom needed, however. 

Invasive treatment can be considered when 
conservative treatment did not produce the inten-
ded result. Persistence of symptoms is one sign 
that indicates failure of ARS addressing the pro-
blem. Treatment options that can be considered 
are arthrocentesis, arthroscopy and surgical treat-
ment. Arthrocentesis is a treatment of injecting 
therapeutic substance such as hyaluronate acid 
or corticosteroid with the intention to flush away 
algogenic substance that adheres in the articular 
disc, notable the superior joint space of the ar-
ticular disc. Furthermore, the procedure also mo-
difies intracranial pressure, which relieves pain. 
The use of arthrocentesis is indicated with closed 
lock TMJ, rheumatoid arthritis or adhesion. The 
use of arthrocentesis for DDWR is seldom indi-
cated.14

 Arthroscopy treatment uses arthroscope 
to directly observe superior joint space so as to 
identify and eliminate adhesion on joint. However, 
invasive treatment often is accompanied with ele-
vated risk, such as extravasation of synovial fluid, 
facial nerve lesion, eye lesion, pre-auricular he-
matoma, intracranial perforation, and other risks. 
These risks needs to be addressed so that 
patient can receive for benefit having this treat-
ment performed that the risk.9 

It was concluded that the purpose of the 
treatment of DDWR should be to reduce intra-
capsular pain, and not necessarily returning ar-
ticular disc position to a normal position. The use 
of ARS is another non-invasive treatment modal-
ity that can be offered to DDWR’s patient so that 
the use of ARS will allow adaptive response by 
eliciting fibrotic structure on retrodiscal fossa and 
returning articular disc to a more normal position of 
disc-condyle-fossa. Variation exist regarding the 
post-treatment instruction, but most afree that the 
use of ARS should only be on a short-term basis 
to reduce the risk of a more permanent unintended 
occlusal change. Adaptive response occurs bet-
ween 8-10 weeks, and most patients experience 
relieve of pain. The lack of gold standard for the 
treatment of DDWR prompts healthcare provider 
to opt for conservative treatment before consider-
ing advancing to a more invasive procedure. 
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ABSTRACT 
Purpose: The purpose of this study was to determine the effect of aluminum oxide addition on heat polymerized 
acrylic (HPA) resin denture base to flexural strength and color stability. Method: This study was carried out on 
HPA resin samples without and with the addition of aluminum oxide with a concentration of 0.5%, 1.5%, 2.5%. A 
bar-shaped sample sized 65 x 10 x 3 mm was used for flexural strength testing and circular-shaped sample with a 
diameter of 50 mm x 1 mm (no. 80) was used for color stability testing; 24 samples for flexural strength test and 
24 samples for color stability test. All samples were immersed in distilled water for 48 hours at 37°C in an incuba-
tor. A universal testing machine was used to test flexural strength and a portable colorimeter was used for color 
stability testing. Conclusion: The addition of 0.5% aluminum oxide significantly increase the flexural strength 
and has good color stability. 
Keywords: heat polymerized acrylic resin, aluminum oxide, flexural strength, color stability. 
  

INTRODUCTION 
Denture base is a part of denture that rests 

on soft tissue and does not include the artificial 
teeth.1 Denture base material is divided into two 
groups, metal and nonmetal.2.3 Non-metal den-
ture base, namely resins, can be classified into 
two groups based on their thermal reactions, na-
mely thermoplastics and thermosets.4.5 Thermo-
sets are resins which, once formed, cannot be re-
shaped by heating, and cannot be recycled. The 
examples of this resins were acrylic resins.2-5 

Acrylic resin is the most widely used mater-
ials for the manufacture of dentures.5 Heat poly-
merized acrylic (HPA) resins were the denture 
base materials which bear the polymerization 
process by applying heat. This material has many 
advantages such as easy to process and polish, 
aesthetically affordable, and low toxic, but it also 
has low mechanical properties, resulting in fre-
quent denture base fractures. According to ADA 
specification no. 12 (ISO 1567), flexural strength 
of the HPA resin was 65 MPa.6 The HPA resins 
have good aesthetics, because of its translucent 
colors and they are close to gingival colors. The 
degree of color change was determined by a co-
lorimeter or spectrophotometer that has a stan-
dard; if the value of ΔE is more than 3.7 then the 
color is unstable.7-9 

Several studies have linked the use of rein-
forcing materials with the strength of HPA resin 
denture base and found a significant influence. 
The addition of reinforcing material in the form of 
metal oxide to HPA resin can affect the physical, 
mechanical and biological properties of the den-

ture base. Metal oxide which will be added to the 
HPA in this study was aluminum oxide (Al2O3). 
Aluminum oxide was chosen because it is a bio-
compatible material, has a low density and it is 
lightweight.10,11 

The purpose of this study was to determine 
the effect of aluminum oxide addition on HPA resin 
denture base to flexural strength and color stability. 
 
METHOD 

This experimental laboratory with post test 
only with control group design used samples of 
HCA resin without addition of aluminum oxide and 
with the addition of aluminum oxide (Beta Dia-
mond Products) with three different concentration 
groups: 0.5%, 1.5% and 2.5%. The number of 
samples for each group is 6, so the total sample 
for 8 groups is 48 samples. 

The size of custom made model of metal used 

for flexural strength tests according to ISO 1567 

is (65 x 10 x 3 mm) ± 0.5 mm12 and for color sta-
bility test according to ADA no. 80 is circular in 
diameter (50 x 1 mm) ± 0.5 mm (Fig. 1).9 

This study was carried out by making sam-
ples (Fig.2), measuring flexural strength, and co-
lor stability. Samples was made through the pro-
cess of making molds, filling acrylic in molds, cu-
ring, and finishing. The finishing is done by polish-
ing and immersing the samples in distilled water 
at 370C for 48 hours in an incubator. 

Measurement of flexural strength is carried 
out using the Universal Testing Machine, Tensi-
lon AND RTF-1350 (Fig.3A). The sample is mark-
ed at both ends and the measuring area is mea-
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sured and placed between the pulling plates. Be-
fore the test takes place, the instrument was first 
calibrated with a pointer at exactly zero. The de-
vice was then turned on, the number indicated by 
the measurement on the tool is recorded as an 
F value after the sample has fracture (MPa). 
 

 
 

 
 

 
 
 
 
 
Fig.1 Size of the sample A of flexural strength; B of 

color stability 

 
 
 
 
 
 
 
 
 
 
Fig 2 Samples that have been polished A flexural 
strength test; B color stability test 
 
 
 
 
 
 
 
 
 
Fig 3A Flexural strength test using Universal Testing 

Machine; B portable Colorimeter CS-10 
 

Color stability measurements were carried 
out by means of the color of the sample measur-
ed before and after aluminum oxide addition using 
Colorimeter CS-10 (Fig 3B). The colorimeter was 
set to measure mood and placed perpendicular 
to the sample surface. The instrument was held 
in a direction against 900 surface center of the 
sample and the test button was pressed until the 
machine beeps to indicate completion of the 
measurement and the results were displayed on 
the display device. The results were displayed in 
L*a*b format. Each reading was repeated three 
times by the researcher to get identical and se-

quential readings achieved and then averaged 
values were recorded.  

 
RESULT 

The mean value and standard deviation of 
flexural strength in this study were analyzed using 
univariate tests. The mean value and standard 
deviation of HPA resin denture base without the 
addition of aluminum oxide was 89.09 ± 0.12 MPa, 
with the addition of 0.5% aluminum oxide con-
centration was 102.93 ± 0.27 MPa, with the ad-
dition of 1.5% aluminum oxide concentration was 
111.95 ± 0.20 MPa, with the addition of 2.5% alu-
minum oxide concentration was 122.03 ± 0.25 
MPa (Table 1). 
 
Table 1 Value of HPA resin denture base flexural 

strength without and with the addition of aluminum 
oxide with concentrations of 0.5%, 1.5%, and 2.5% 

N
o  

Flexural Strength (MPa) 

Without 
Aluminum 

Oxide 

Addition of Aluminum Oxide 

0.5% 1.5% 2.5% 

1 88.97* 102.55* 111.85 121.94 
2 89.23 102.74 111.75 121.99 
3 88.97 103.20 112.16 122.38** 
4 89.07 103.25** 112.03 121.95 
5 89.24** 102.81 111.74* 121.67* 
6 89.06 102.97 112.18** 122.26 

 
x =89.09 

SD=0.12 

x =102.92 

SD=0.27 

x =111.95 

SD=0.20 

x =122.03 

SD=0.25 

Description: * Smallest ** Biggest 

 
Average value and standard deviation of the 

color stability of HPA denture base in this study 
were analyzed using univariate tests. The mean 
value and standard deviation of the color stability 
of HPA resin denture base without the addition of 
aluminum oxide was 0 ± 0.00 with the addition of 
0.5% aluminum oxide was 3.28 ± 0.25, with the 
addition of 1.5% aluminum oxide was 7.30 ± 0.37. 
with the addition of 2.5% aluminum oxide was 
9.37 ± 0.25 (Table 2). 

The effect of aluminum oxide addition with 
concentrations of 0.5%, 1.5%, and 2.5% on HPA 
resin denture base on flexural strength and color 
stability in this study was analyzed using the one-

way Anova-test. Previously, normality data was 
tested using the Saphiro-Wilk. After that,the data 
homogenity was performed using Levene test 
to find out that the data is truly homogeneous. 

The one-way ANOVA test results gained 
significance with p = 0.0001 (p <0.05), then H0 

is rejected and Ha accepted. This means that 

A 

m 

B 

A B 

A B 

A 

A 
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there was a significant influence in the addition 
of aluminum oxide with a concentration of 0.5%, 
1,5%, and 2.5% in the heat polymerized acrylic 
resin denture base flexural strength. (Table 3) 

 
Table 2 The value HPA resin denture base acrylic 
without and with the addition of aluminum oxide with 
concentrations of 0.5%, 1.5%, and 2.5% 

N
o 

Color Stability (values) 

Without 
Aluminum 

Oxide 

Addition of Aluminum Oxide 

0.5% 1.5% 2.5% 

1 0 3.15 7.14 9.34 
2 0 2.84* 6.87* 9.84** 
3 0 3.44 7.96** 9.14* 
4 0 3.47 7.33 9.22 
5 0 3.28 7.42 9.42 
6 0 3.49** 7.11 9.24 

 
x =0 

SD=0 

x =3.28 

SD=0.25 

x =7.30 

SD=0.37 

x =9.37 

SD=0.25 

Specification: * Smallest ** Biggest 

 
Table 3 The effect of the addition of aluminum oxide 
with concentrations of 0.5%, 1.5%, and 2.5% on the 
HPA resin denture base flexural strength (Anova test) 

Group 
Flexural Strength  

p 
n x  ± SD 

Without reinforcing 
materials 

6 89.09 ± 0.12 

0.0001* Aluminum 0.5% 6 102.92 ± 0.27 

Aluminum 1.5% 6 111.95 ± 0.20 

Aluminum 2.5% 6 122.03 ± 0.25 

Note: * significant 

 

Table 4 The effect of the addition of aluminum oxide 

with a concentration of 0.5%, 1.5%, and 2.5% on 
HPA resin denture base color stability (Anova test) 

Group 
Color Stability 

p 
n x  ± SD 

Without reinforcement 
material 

6 0.00 ± 0.00 

0.0001* Aluminum 0.5% 6 3.28 ± 0.25 

Aluminum 1.5% 6 7.30 ± 0.37 

Aluminum 2.5% 6 9.37 ± 0.25 

Description: * Significant 

 
The one-way ANOVA test results gained 

significance with p was 0.0001; less than 0.05. 
This means that there was a significant influence 
in the addition of aluminum oxides with concen-
trations of 0.5%, 1.5%, and 2.5% in HPA resin 
denture base color stability (Table 4). 

The difference in the effect of the addition of 
aluminum oxide with a concentration of 0.5%, 
1.5%, and 2.5% on the HPA resin denture base 
material of the flexural strength and color stability 
was tested by LSD; it showed a difference in the 
influence of flexural strength between the test 
group (p was 0.0001) (Table 5). The test showed 
a difference in the effect of color stability bet-
ween the the group (p was 0.0001) (Table 6). 
 

DISCUSSION 
Table 1 shows the flexural strength of HPA 

resin denture base samples with the addition of 
aluminum oxide with a concentration of 0.5%, 
1.5%, and 2.5% were greater than the samples

 

Table 5 The difference in the effect of aluminum oxide addition with a concentration of 0.5%, 1.5%, and 2.5% 
in the HPA resin denture base flexural strength (LSD) 

Group Mean diference p 

Group aluminum oxide 0.5% 
Aluminum oxide 1.5% -9.02 0.0001 * 

Aluminum oxide 2.5% -19.11 0.0001 * 

Aluminum oxide group 1.5% 
Aluminum oxide 0.5% 9.02 0,0001 * 

Aluminum oxide 2.5% -10.08 0,0001 * 

Aluminum oxide group 2.5% 
Aluminum oxide 0.5% 19.11 0,0001 * 

Aluminum oxide 1.5% 10.08 0.0001 * 

Description: * Significant 
 
Table 6 The difference in the effect of aluminum oxide addition with a concentration of 0.5%, 1.5%, and 2.5% 

in the HPA resin denture base color stability (LSD) 

Group Mean diference p 

Group aluminum oxide 0.5% 
Aluminum oxide 1.5% -4.03 0.0001 * 

Aluminum oxide 2.5% -6.09 0.0001 * 

Aluminum oxide group 1.5% 
Aluminum oxide 0.5% 4.03 0,0001 * 

Aluminum oxide 2.5% -2.06 0,0001 * 

Aluminum oxide group 2.5% 
Aluminum oxide 0.5% 6.09 0.0001 * 

Aluminum oxide 1.5% 2.06 0.0001 * 

Description: * Significant 
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Graph 1 Average flexural strength (MPa) values of the HPA resin group without the 
addition of aluminum oxide and with the addition of aluminum oxide concentration 
of 0.5%, 1.5%, and 2.5%; vertical lines indicate standard deviations; different letters 
indicate significant differences. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Graph 2 Average value of the color stability (values) of HPA resin without the 

addition of aluminum oxide and with the addition of aluminum oxide concentration 
of 0.5%, 1.5%, and 2.5%; vertical lines indicate standard deviations; different letters 
indicate significant differences. 

 
without aluminum oxide addition. According to 
ADA specifications no. 12 the flexural strength 
value of HPA resin was 65 MPa. The flexural 
strength increase with increasing aluminium oxide 
concentration. This study was in line with Pentapati 
et al who add aluminum oxide at concentrations 
of 5%, 10%, and 15% in HPS resins. The 15% 
aluminum oxide concentration can increase the 
flexural strength without side effects. The greater 
concentration, the greater flexural strength is also 
obtained.13 Increasing value of flexural strength 
in the sample with the addition of aluminum oxide 
can occur due to various factors including good 
adhesion between the polymer matrix of acrylic 
resin and aluminum oxide.14

 This good adhesion 
occured because aluminum oxide can be che-
mically bonded with the -COOR group of HPA 

resin polymer. Aluminum oxide will form cross-
linking with HPA resin. The formation of crosslink-
ing will increase the denture base resistance to 
fractures. This formation of crosslinking will also 
cause an increase in the surface shift strength 
between aluminum oxide and the polymer ma-
trix, there by reducing the cracking of material 
and increase the flexural.15 

Table 2 shows that the HPA resin denture 
base sample which was added aluminum oxide 
with a concentration of 0.5%, 1.5%, and 2.5% 
experienced a change in color when compared 
to the HPA resin sample which no aluminum 
oxide is added. Discoloration of the sample occurs 
because a white aluminum oxide powder is mix-
ed with a HPA resin powder which causes a 
change in color. The higher concentration of alu-
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minum oxide mixed in the HPA resin powder, the 
whiter the base material produced. Color stability 
has a standard if the ΔE value is more than 
3.7, so the color is unstable or not aesthetic, so 
it is not recommended to be applied to the pati-
ent's mouth. And based on this study the value 
of ΔE is relatively stable on the addition of alu-
minum oxide with a concentration of 0.5%. The 
results of this study are in line with research 
from Sahin, et al. They added nano zirconium di-
oxide with a concentration of 1% to HPA resins. 
In his study, it was found that the value of ΔE 
was less than 3.7 for the color stability test so 
that it was classified as stable and within accep-
table clinical limits.16  

Based on the data in Table 3 from the re-
sults of the one-way Anova test, there was a 
significant influence in the addition of aluminum 
oxide to the HPA resin denture base flexural 
strength p was 0.0001; less than 0.05. The results 
of this study are similar to the results of research 
conducted by Pentapati, et al who use alumi-
num oxide with concentrations of 5%, 10%, and 
15%. His research states that the addition of 
aluminum oxide with concentrations of 5%, 10%, 

and 15% has a significance value of p was 0.0001. 
It shows that the addition of aluminum oxide with 
a concentration of 5%, 10%, and 15% to the HPA 
resin causes an increase in flexural strength.13 

Based on the data in Table 4 from the re-
sults of the one-way Anova test, there is a sig-
nificant influence in the addition of aluminum 
oxide to the HPA resin denture base material on 
color stability p was 0.0001; less than<0.05). 
The results of this study are similar to Sahin, et 
al. They added nano zirconium dioxide with a 
concentration of 1% to the HPA resin which can 
change color, but not significantly. The addition 
of nano zirconium dioxide with a concentration of 
1% to the color stability has a significant value 
of p was 0.713.16 

Statistical analysis based on table 5 shows 
that there is a significant difference to the ad-
dition of aluminum oxide with a concentration of 
0.5%, 1.5%, 2.5% against the flexural strength 
of HPA resin denture base between the tested 

groups.The aluminum oxide addition group with 
a concentration of 2.5% showed a higher flexural 
strength than the aluminum oxide addition group 
with a concentration of 1.5% and 0.5%. This 
occured because the addition of aluminum oxide 
to HPA resin with different concentrations of 0.5%, 
1.5%, and 2.5% will affect the amount of cross-
linking formed. The more concentrations of alu-
minum oxide added to HPA resin will cause more 
crosslinking to form and the better the flexural 
strength produced.14,15 

The results of statistical analysis based on 
table 6 show that there is a significant difference 
in the effect of adding aluminum oxide with con-
centrations of 0.5%, 1.5%, and 2.5% on the 
color stability of HPA resin denture base bet-
ween the tested groups. The aluminum oxide ad-
dition group with a concentration of 2.5% showed 
a higher increase in color stability compared to 
the aluminum oxide addition group with a con-
centration of 1.5% and 0.5%. This occurred be-
cause the white aluminum oxide powder is mixed 
with a HPA resin powder which causes a change 
in color. The higher the concentration of aluminum 
oxide mixed in the HPA resin powder, the whiter 
the base material produced.16 

The flexural strength and color stability in-
creased after the addition of aluminum oxide. The 
addition of aluminum oxide groups with concen-
trations of 0.5%, 1.5%, and 2.5% significantly 
increased the flexural strength of denture base. 
The addition of aluminum oxide group with a con-
centration of 0.5%, 1.5%, and 2.5% also signi-
ficantly affects the color stability, and which still 
has good color stability is also still within the 
acceptable clinical limit is the aluminum oxide 
addition group with a concentration of 0.5%, so 
the addition of aluminum oxide with 0,5% con-
centration increase flexural strength and still 
have good color stability. It can be concluded 
that aluminum oxide has been proven to be used 
to increase flexural strength with good color sta-
bility on a HPA resin denture base. If it is assoc-
iated clinically it will withstand excessive mastica-
tion loads, can be used for a longer time, and 
for colors that are aesthetic. 
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Background: The efficacy of rosella flowers as an antibacterial contains anthocyanin pigment which acts as an 

antioxidant, vitamins and minerals that are useful for the body so it needs to develop products other than drinks 
and food; one of them as herbal disinfectant for complete denture acrylic base. Objective: To determine the 

color stability of the complete denture base after cleaning with various concentrations of rosella flower extract. 
Method: This time series study with pre and post with control group design was carried out using 5 complete 

dentures cleaned with rosella flower extract toothpaste with a concentration of 2.5%, 5%, 10% and control, and 
assessed its color on the surface of the polished and intaglio surface. The value is processed into the formula 
∆E * ab = [(∆L *) 2 + (∆a *) 2 + (∆b *) 2] 1/2 then analyzed using the Kolmorogrov test and t-test. Result: Rosella 
flower extract toothpaste at concentrations of 2.5%, 5%, and 10% did not show significant differences in color 
changes (p> 0.05). Conclusion: There were no significant differences in color changes at all concentrations 
after the acrylic base was cleaned with rosella flower extract. 
Keywords: toothpaste, rosella flower extract, complete denture, discoloration 

 
INTRODUCTION 

Denture is an appliance to replace the 
surface of mastication and the surrounding 
structures of the upper and lower jaws. Denture 
material that is widely used in Indonesia is 
acrylic.1-3 

Two disadvantages of acrylic are high 
porosity and surface roughness so that the 
surface of the denture base that is not polished 
that is the part that faces the supporting tissue 
is more easily attached to the rest of food. If the 
base is not cleaned adequately it will become a 
place for microbes develop.4  

Maintenance of denture cleanliness can be 
performed using denture cleaning agents. The 
use of natural ingredients in the health world 
tends to increase from year to year, included in 
the field of dentistry. The advantage of natural 
ingredients is the minimal side effects or safe 
for the body. Rosella is one of the natural 
ingredients used as drinks, food and medicine 
for the body. The efficacy of this flower is as an 
antibacterial, contains anthocyanin pigment 
which acts as an antioxidant, vitamins and 
minerals that are useful for the body. Knowing 
the many benefits of rosella, it is necessary to 
develop other products besides drinks and 
food,  that is rosella flower extract which can 
function as an herbal disinfectant for acrylic 
dentures.5,6 The dark pink color of rosella 
flowers might affect the color of acrylic 
dentures, because this material can absorb 
liquid.  

The aim of this article is to obtain data 
regarding the color stability of the acrylic base 
of removable denture after cleaning with 
extract of rosella flower as toothpaste. 
 
METHOD 

This time series study was design as pre 
and post with control, and in situ. The sample 
size was 20 of 5 samples for each 
concentration. The population was patients 
who attended the Clinic of Prosthodontics at 
Hasanuddin University, Makassar. 

The samples are parts of the population 
that meets the inclusion and exclusion criteria. 
Inclusion criteria are patients who use full 
denture shortly after insertion, agrees to 
participate in this study, the patient is willing to 
not consume food and drinks that can affect the 
color of dentures, such as carbonated drinks; 
while exclusion criteria were patients using 
metal frame full denture, patients using partial 
denture flexidenture, patients using fixed 
dentures, and patients suffering from denture 
stomatitis, Candida albicans, and HIV-AIDS. 

The toothpaste of rosella flower is maked 
by extracting it at concentrations of 2.5%, 5%, 
10% and non-rosella extract as control group; 
the toothpaste was made in the Laboratory of 
Pharmaceutical,  Hasanuddin University. 
Before brushing using this rosella flower extract 
paste on acrylic denture, the sample was 
photographed and the L *, a *, b * values were 
calculated with the CIELab system using the 
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Adobe Photoshop® program. The same mea-
surement is also carried out on the sample after 
the denture brushed to see the color changing. 

The data were collected and analyzed by 
the Kolmogorov Smirnov test to know the data 
normality and then tested by independent t-test 
with a significance level of 0.05. 
 

RESULT 
Based on this study, it was obtained statis-

tical data showing color changes from the first 
week to the fourth week after brushing the 
denture. 
 
Table 1 Mean data of color changing of denture 

base after brushing with extract of rosella flower at 
all concentrations in the first to fourth week. 

 

The t-test at each concentration for a month 
(Table 2) on the polished surface shows that 
after the use of rosella flower extract and control 
for a month showed insignificant color changes 
both in the first week to the fourth week; p-value 
more than 0.05). 
 

DISCUSSION 
This study using rosella flower extract as 

the denture cleanser. This formula was prepared 
in several concentrations, namely 2.5%, 5%, 
and 10%. This statement is consistent with 
Maruapey7

 study which showed effectivity of ro-
sella flower extraxt in inhibiting plaque formation, 
inhibiting the growth of bacterial colonies and 
Candida albicans colonies in acrylic resin den-
tures that were highest cleaned or brushed with 
rosella flower denture cleaning extract at a 
concentration of 10%; p-value less than 0.05), 
and lowest in extracts with a concentration of 
2.5%; p-value was less than 0.05). The active 
ingredient of rosella is flavonoid. 

 
Table 2 Data of color changing on the polished surface at each concentration (t-test). 

Polished surface  Times 
Mean (cm-1) 

p-value 
Before After difference 

Toothpaste of extract of 
rosella flower 2.5% 

Week 1-2 1.25 0.68 0.56 0.178 
Week 1-3 1.25 0.96 0.28 0.224 
Week 1-4 1.25 1.25 0.00 1.000 

Toothpaste of extract of 
rosella flower 5% 

Week 1-2 1.51 1.41 0.10 0.595 
Week 1-3 1.51 1.80 -0.29 0.406 
Week 1-4 1.51 1.29 0.22 0.100 

Toothpaste of extract of 
rosella flower 10% 

Week 1-2 2.39 2.12 0.27 0.532 
Week 1-3 2.39 2.51 -0.12 0.764 
Week 1-4 2.39 2.21 0.18 0.560 

Control   
Week 1-2 1.31 1.31 0.00 1.000 
Week 1-3 1.31 1.31 0.00 1.000 
Week 1-4 1.31 1.31 0.00 1.000 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Color changes on polished surface in the 1st-4th week using 

toothpaste of extract of rosella flower paste at concentrations of 2.5%, 5%, 
10%, and control. 

Types  
Mean (cm-1) 

Week I Week II Week III Week IV 

Extract 1.76 1,82 1,86 1,63 
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Table 3 Color changes on intaglio surfaces at each concentration (t-test) 

Polished surface  Times 
Mean(cm-1) 

P 
Before After Difference 

Toothpaste of extract of 
rosella flower 2.5% 

Week 1-2 1.74 1.59 0.15 0.515 

Week 1-3 1.74 1.13 0.61 0.127 

Week 1-4 1.74 1.51 0.23 0.228 

Toothpaste of extract of 
rosella flower 5% 

Week 1-2 2.20 2.39 -0.19 0.127 

Week 1-3 2.20 2.43 -0.23 0.466 

Week 1-4 2.20 2.05 0.16 0.820 

Toothpaste of extract of 
rosella flower 10% 

Week 1-2 1.45 2.20 -0.75 0.089 

Week 1-3 1.45 2.35 -0.89 0.224 

Week 1-4 1.45 1.66 -0.21 0.661 

Control   

Week 1-2 1.25 1.25 0.00 1.000 

Week 1-3 1.25 1.41 0.16 0.157 

Week 1-4 1.25 1.56 0.31 0,102 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Color changes on intaglio surface color in the 1st-4th week using toothpaste 
of extract of rosella flower paste at concentrations of 2.5%, 5%, 10%, and control. 

 
The antifungal and antibacterial effects 

produced by rosella calyx in this study were 
probably caused by rosella calyx (Hibicscus 
sabdariffa L) contain several flavonoid com-
pounds that is anthocyanin, gossypeptin3-glu-
coside, flavonol glucoside hibiscritin, flavonoid 
gossypeptin, delphinidine cogidine 3-monogly-
cine-monoglycine-monoglycine-monoglycine-
monoglycine-3-glucoside onoglucoside; vitamin 
C, protein, carbohydrates, beta-carotene and 
antioxidants. It is expected that besides being 
a denture cleaner, it should also not cause 
discoloration on the acrylic denture base. The 
principle of measurement in this study is to see 
whether there is a change on the color of acrylic 
denture base due to use of rosella flower 
extract. 

Color changes can be assessed using the 
CIELab System which is a color model design-
ed to resemble the perception of human vision 

using three components, namely L* as luminan-
ce or the lighting, and a* and b* as opposite 
color dimensions. The design of this application 
system uses the CIELab system. This color 
model was chosen because it was proven to 
provide better results than the RGB color 
model in measuring the similarity of color traits 
in the image. The L * a * b * color model can 
also be used to make more accurate color 
balance corrections and to adjust the contrast 
of lighting that is difficult and impossible for 
RGB color models.8 

In the comparison of color change extract 
concentration of 5% and 10% on the polished 
and intabglio surfaces, it shows the intaglio 
surface is more likely to change color than the 
polished surface. This is in line with the state-
ment that rough surfaces or shafts can affect 
the stability of acrylic color because it can cause 
more water absorption and food coloring.9 Po-
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rosity can result from evaporation of unreacted 
monomers and low molecular weight polymers, 
when the resin temperature reach or exceed 
the boiling point of the material, but this type of 
porosity does not occur uniformly along the 

affected resin segment.8 

The existence of this insignificant color 
change could have been due to the contact 
time was not enough so that the natural dyes in 
rosella flower extract toothpaste, namely an-
thocyanin pigment, had not diffused into acrylic 
and caused significant color changes in acrylic 
resins.1 This anthocyanin pigment is one of the 
pigments contained in the extract of rosella 
flower petals and this pigment gives the extract 
a red color. The stability of this pigment de-
pends on the pH of the pigment; it is more 
stable under acidic conditions or at low pH 
conditions. The level of degradation of antho-
cyanin pigments increases as the temperature 
rises. Thermal degradation causes loss of an-
thocyanin pigment which is present in rosella 
flower extract.8 

According to Anusavice, the color changes 
that occur in the resin can vary, that is caused 
by several factors, including the sample size, 
microporosity of the sample and the length of 
contact between materials. The wider the sample 
size, the greater the physical changes in the 

material can occur. Microporosity determines 
the occurrence of porous regional color par-
ticles. The more porosity the accumulation of 
dyes absorbed through the diffusion process 
will also increase.9 

Ingredients that cause discoloration on a 
denture basis include synthetic or natural dyes 
or substances that can be obtained from food 
and beverages. Discoloration in acrylic is not 
only caused by the use of rosella flower tooth-
paste but also because of the daily food and 
drinks consumed by denture users such as tea, 
coffee, cola drinks changes the acrylic color to 
darker. This is due to the accumulation of color 
pigments attached on the surface and the 
absorption of particles adhesion that enters the 
pores of acrylic resin, so that the color absorbed 
is more than the color that is reflected. Research-
ers urge patients who are sampled not to con-
sume foods and drinks that cause research to 
be ambiguous, but if the patient has difficulty 
carrying it out, then they can remove the den-
ture when taking it.10 

It was concluded that toothpaste of rosella 
flower extract does not cause discoloration on 
the base acrylic denture and there is a color 
difference between the intaglio and polished 
surface of the denture base after the use of 
rosella flower extract toothpaste. 
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ABSTRACT 
The concept of minimally invasive restoration has been more approached lately, with the aim of preserve the 
remaining tooth structure especially after endodotic treatment. Endocrown is one type of restoration that might be 
the solution. Endocrown is made of glass-ceramic material, defined as a single restoration that uses pulp cham-
bers as a retention and resistance form, margin of preparation is above the gingiva in order to preserve tooth 
structure. Endocrown was initiated by Pissis in 1995 and popularized by Bindl and Mörmann in 1999. According 
to late research, crown endocrown has higher fracture resistance than post-core crown. Although the literature 
on endocrown is still limited, empirical evidence leads to positive view for the use of this restoration. 
Keywords: endocrown, fracture resistance, postcore  

 
INTRODUCTION 

Dental rehabilitation after endodontic treat-
ment which has extensive caries damage is still 
a challenge. First, most of the tooth structure has 
been lost, so the rest of the structure provides 
minimal retention and resistance form. Second, 
even though the remaining tissue structure is mi-
nimal, sometimes additional preparations are still 
needed to form margins for the restoration mate-
rial. Third, the use of metal post or fiber post can 
weaken the root structure because of the prepa-
ration of a root canal widening. These three things 
become the dentist's dilemma in making decisions. 

Elderton and Simonsen state when a tooth 
receives a restoration, it enters a 'restorative cy-
cle of death'.1 A restoration will be defective at 
some time will be replaced by another bigger res-
toration, and finally the tooth will be extracted. The 
concept of minimally invasive restoration has been 
more approached lately, with the aim of preserving 
the remaining tooth structure, especially after 
endodontic treatment. Meanwhile, according to 
in-vitro and in-vivo studies, post was not proven 
to have a significant effect on the success of long-
term treatment of tooth after endodontic treatment. 
It weakens the structure of the remaining tooth 

through preparation and enlargement of the root 
canal.2,3 Alternative restoration treatment which 

is more minimally invasive, minimal preparation 

and preserves the remaining tooth structure is 
needed. One of the alternative restoration solu-
tions is a crown with internal extension into pulp 
chamber, and is known by the name endocrown.4 

Endocrown restoration was first introduced 
by Pissis in 1995 under the name monoblock 

porcelain technique. The term endocrown (endo-
dontic adhesive crown) itself only began in 1999 
by Bindl and Mörmann.5 A characteristic of endo-
crown using porcelain crowns that cover the en-
tire tooth surface is by extending the internal side 
of the restoration into the pulp chamber. Its ma-
cromechanical retention is obtained from the pulp 
wall and the micromechanical retention is obtain-
ed through adhesive cement. The stress distribu-
tion on the endocrown is more evenly distributed 
compared to the post-core crown, because the 
endocrown crown is a single unit. However this 
will be greatly influenced by the type of crown 
material used.6 The use of endocrown to date is 
still being debated. Although the evidence of cli-
nical studies leads to the positive side, its empi-
rical evidence is less than the use of post-core 
crown. Therefore the use of endocrown as resto-
ration is still on the decision of the clinician who 
work on it. In this article, this paper aims to com-
pare whether endocrown is better than a post 
core crown in fracture resistance. 
 
METHOD 

This paper is compiled based on the pro-
blems, interventions, comparisons, results (PICO) 
model, whether tooth with root canal treatment 
(P) restored with endocrown (I) compared post and 
crown (C) has better fracture resistance (O)? 

Data collection were screened on March 31, 
2020 from Pubmed, EBSCO and Scopus using 
the search strategy as follow: ((endocrown) AND 
((zirconia post) OR (metal post) OR (cast post) 
OR (fiber post))) AND ((fracture resistance) OR 
(strength)). Data were extracted into csv. files from 
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each search engine combined into the same 
sheet in Excel 365 (Microsooft Corporation, Red-
mond, WA, USA). Duplicate were eliminated by 
sorting the same DOI. This article exclusion will 
be carried out twice, the first based on the title 
and abstract and the second exclusion is based 
on the methodology (Fig. 1). 

 
RESULTS 

A total of 55 relevant articles were identified 
and 13 of these are duplicate. The remaining 42 
articles are examined based on title and abs-
tract, 10 studies were excluded because they 
did not meet the eligibility criteria, 25 more arti-
cles were exluded based on method. Thus, 7 re-
maining articles will be discussed in this paper 
(Table 1).  

Each remaining articles are in-vitro studies 
which investigating fracture strength and were 
published between 2015 and 2020. The sample 
size ranged from 30 to 105 teeth by study. Two 

studies analyzed endocrowns in anterior teeth, 
while five studies in posterior teeth. All studies 
evaluated lithium disilicate endocrown and fiber 
post with lithium disilicate restoration, except two 
studies, one using composites rather than cera-
mics for crown restoration combined with fiber 
post and another use glass-ceramic combined 
with fiber post (Table 2). Load testing methods 
between studies are varies and some of them 
are not decribed in full. Two studies did not write 
the standard deviation results. 

The result within studies are varies. There 
is no uniformity among the study states that tooth 
with endocrown is better than post and crown, 
including the type of fracture that occurs (Table 
3). Favorable fracture is a type of fracture where 
the tooth can still be considered for restoration, 
while unfavorable fracture is the contrary (more 
than cementoenamel junction). However, most of 
the studies states endocrown has better fracture 
resistance than post and crown.7-10 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Data collection workflow 

Records after removal of 
duplicates (n = 42) 

Included studies (n = 7) 

Excluded based on title and abstract (n = 10) 

Abstract only (n = 1) 

Article Review (n = 4) 

case report (n = 1) 

literature review (n = 2) 

systematic review (n = 2) 

Database based search 
(n = 55) 

Pubmed (n = 13) 

EBSCO (n = 13) 

Scopus (n = 29) 

Duplicates (n = 13) 

Excluded based on method (n = 25) 

Finite Element Analysis (n = 10) 

No endocrown (n = 4) 

No post (n = 11) 

Article assessed for 
eligibility (n = 32) 
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Tabel 1 Demographic data of the included studies. 

 

 

DISCUSSION 
The goal of tooth restoration after endodontic 

treatment is to restore the function of the tooth. 
As another goal is to maintain the tooth and its 
restoration as long as possible. In some cases, 
after endodontic treatment tooth will require 
post-core crown restorative treatment. However, 
based on recent research, the use of post does 
not guarantee durability of the tooth. Root fracture 
and leakage are two things that can make a 
failure in the restoration with a post. Metal post 
are considered too rigid so they can make the 
tooth become fractured.7 An alternative option is 
to use fiber post. These fiber post are assessed 
to have a lower modulus of elasticity than the 
metal post and resemble dentin. It is expected 

to have a better distribution of masticatory forces 
and fracture resistance.7,12 But apparently both 
types of post are still unable to maintain teeth 
after endodontic treatment. According to Atash, 
et al. the failure of a metal post is centered on 
the risk of an unfavorable fracture, that is a 
fracture that makes the root unmanageable.8 In 
contrast to metal post, failures that occur in teeth 
with fiber post are more focused on crown 
restoration, so it can be said to be more benefi-
cial. However, this does not rule out the possibility 
that fiber post can cause root fractures, even 
with a smaller percentage of probability.8 Based 
on studies conducted by Magne, post is consi-
dered to weaken the structure of the tooth, espe-
cially the root canal, making fracture vulnerable.14 

N
o 

Author Article title Year Purpose 
No of teeth 
(per group) 

Type of 
Teeth 

1 
Schmi-
dlin PR11 

Fracture resistance of endo-
dontically treated teeth with-
out ferrule using a novel H-
shaped short post 

2015 

Evaluate the fracture resistance and fail-
ure type of modified H-designed intradent-
al short retention preparation for CAD/ 
CAM restorations, in cases where no fer-
rule is possible. 

40 (10) 
Premolar 
(single 
root) 

2 Guo J12 

A comparison of the fracture 
resistance of endodontically 
treated lower premolars res-
tored with endocrowns and 
glass fiber post-core retained 
conventional crowns 

2016 

Evaluate the fracture resistances and 
failure modes of endodontically treated 
lower premolars restored with endo-
crowns and conventional post-core retain-

ed crowns 

30 (10) 
Lower 

Premolar 

3 Atash8 

Comparison of resistance to 
fracture between 3 types of 
permanent restorations sub-

jected to shear force: An in 
vitro study 

2017 

Compare resistance to fracture between 
endocrown and conventional post and 
core restorations when subjected to shear 
force. 

30 (10) 
Lower 

Premolar 

4 
Koglu 
GM7 

Fracture strength of CAD/ 
CAM fabricated lithium disili-
cate and resin nano ceramic 
restorations used for endo-
dontically treated teeth 

2017 

Evaluate and compare fracture strength 
and failure modes of endocrowns, zircon-
nia post, and fiber post supported resto-
rations and predict the clinical outcomes 
of six different prostheses used for endo-
dontically treated teeth. 

60 (10) 
 

Upper 
central 
incisor 

5 
de 
Kuijper 
M13 

Fracture strength of various 
types of large direct compo-
site and indirect glass cera-
mic restorations 

2019 

Investigate the mechanical behavior of 
severely compromised endodontically 
treated molars restored by means of va-
rious types of composite buildups, full-
contour lithium disilicate crowns (with or 
without post) or a lithium disilicate endo-
crown 

105 (15) 
Third 
Molar 

6 
Alghala-
yini S9 

Fracture load of nano-cera-
mic composite material for 
anterior endocrown resto-
rations 

2020 
Evaluate ability of nano ceramic compo-
site endocrown to withstand occlusal 
forces when used in the anterior region 

80 (10) 
Upper 
central 
incisor 

7 
Sedrez-
Porto 
JA10 

Which materials would acc-
ount for a better mechanical 
behavior for direct endo-
crown restorations 

2020 

Investigate the mechanical performance 
and fracture behavior of endocrown res-
toration prepared using different compo-

site materials and following a direct 
technique. 

63 (7) 
Lower 
First 
Molar 
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N
o 

Author Testing 
methods 

Groups Materials Fracture strength 
(N) Mean (±SD) 

1 Schmidlin 
PR 

UTM with a 
5 mm steel 
sphere at 
30o and a 
cross-head 
speed of 1 
mm/min 

1. H-post (glass-ceramic) 
2. H-post (LiDi) 
3. Endrocrown 
4. Control (Fiber post + 2 

mm ferrule) 

1. Glass-ceramic crown (IPS 
Empress CAD) 

2. Lithium disilicate ceramic 
(e.max CAD) 

3. Glass-ceramic crown  
4. Fiberpost + Glass-ceramic 

crown  

1. 547 ± 232 
2. 1044 ± 501 
3. 592.4 ± 147 
4. 890 ± 125 

2 Guo J Load test 
with UTM a 
5 mm steel 
sphere at 
45o

 and a 
cross-head 
speed of 1 
mm/min 

1. Intact teeth (GI) 
2. Endocrown (GE) 
3. Conventional post-core 

sup-ported crown group 
(GC) 

1. – 
2. IPS e.max CAD (Lithium 

disilicate) 
3. RTD Post #1.2 + IPS e.max 

CAD  

1. 997.1 ± 166.3 
2. 479.1 ± 180.6 
3. 510.1 ± 191.0 

3 Atash R Instron 5585 
test 
machine 
and a cross-
head speed 
of 1 mm/min 

1. All ceramic endocrown 
2. Glass fiber post + 

composite resin core + 
ceramic crown 

3. cast post and core + 
ceramic crown 

1. Ceramic crown (IPS e.max) 
2. Glass fiber post (3M 

ESPE)+Com-posite resin 
core (3M ESPE Filtek 
Supreme XTE) + ceramic 
crown 

3. Non-precious metal 
(Wirobond C Co-Cr) + 
ceramic crown 

1. 1717.17±481.13 
2. 1091.11±179.03 
3. 1068.82±201.90 

4 KOĞLU 
GM 

UTM with a 
2 mm steel 
sphere at 
45o and a 
cross-head 
speed of 1 
mm/min 

1. zirconia post/resinnano-
ceramic crown (ZrRNC) 

2. fiber post/resinnano-
ceramic crown (FbRNC) 

3. zirconia post/lithium 
disilicate ceramic crown 
(ZrLDS) 

4. fiber post/lithium disili-
cate ceramic crown 
(FbLDS) 

5. resin-nano-ceramic 
endocrown (EndoRNC) 

6. lithium disilicate 
ceramic endocrown 
(EndoLDS) 

1. Zirconia post (IncorisTZI) + 
Resin nano ceramic (Lava 
Ultimate, 3M ESPE) 

2. Glass fiber posts (Ika-Dent, 
Kutno, Poland) + Resin 
nano ceramic 

3. Zirconia post + Lithium 
disilicate (IPS e.max CAD, 
Ivoclar Vivadent)  

4. Glass fiber post + LiDi 
5. Resin nano ceramic 
6. LiDi 

1. 893.43  
 
2. 764.63  
 
3. 580.02  
 
4. 646.78  
 
5. 869.04  
 
6. 915.91  

5 de Kuijper 
M 

Fracture 
test: loaded 
using 8 mm 
ball-shaped 
at oclusal 
plane (1 
mm/min) 

1. Control (no prepn) 
2. Glass fiber reinforced 

composite (GFRC) 
3. Microhybrid composite 

(C) 
4. Microhybrid Composite 

+ post (CP) 
5. Lithium disilicate full 

contour crown (LDS) 
6. Lithium disilicate full 

contour crown and 
glass fiber post (P-LDS) 

7. Endocrown (EC) 

1. – 
2. Microhybrid composite (GC 

Essentia Universal )+ GC 
Ever X Posterior at central 
pulp 

3. Composite resin (Clearfil 
AP-X Posterior) 

4. Fiber post (Rely X Fiber 
post red) + Core buildup 
(Clearfil FC Core Plus 
Dentin) + Composite resin 

5. Composite resin + IPS 
e.max CAD 

6. Fiber post + Core buildup + 
IPS e.max CAD 

7. IPS e.max CAD 

1. 1890 ± 774 
2. 1823 ± 911 
 
3. 2192 ± 752 
 
 
4. 1830 ± 590 
5. 3217 ± 1052 
6. 2694 ± 665 
7. 2425 ± 993 

Tabel 2 Groups evaluated with fracture strength (N) and standard deviation (SD). 
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N 
o 

Author Testing 
methods 

Groups Materials Fracture strength 
(N) Mean (±SD) 

6 Alghala-
yini S. 

Compressive 
static load with 
load on the 
palatal surface 
just above the 
cingulum at a 
130o and a 
cross-head 
speed of 1 
mm/min 

Post, core and crown 
restoration (control) 
1. IPS e.max 0.5 mm above 

CEJ 
2. IPS e.max 2 mm above 

CEJ 
3. Lava Ultimate 0.5 mm 

above CEJ 
4. Lava Ultimate 2 mm 

above CEJ 
Endocrown restoration 
5. IPS e.max 0.5 mm above 

CEJ 
6. IPS e.max 2 mm above 

CEJ 
7. Lava Ultimate 0.5 mm 

above CEJ 
8. Lava Ultimate 2 mm 

above CEJ 

Post: RelyX Fiber Post (3M 
ESPE) 
 
Crown: IPS e.max (Ivoclar) / 
Lava Ultimate (3M ESPE) 

1. 627.9 
2. 449.1 
3. 1073.8 
4. 1019.6 
5. 667.2 
6. 421.7 
7. 1130.8 
8. 1119.1 

7 Sedrez-
Porto 
JA 

Universal 
testing 
machine, 
cross-head 
speed of 1 
mm/min 

1. Control (sound tooth) 
2. Endocrown (E.max) 
3. Endocrown (Z350) 
4. Endocrown 

(Z350_SBMP) 
5. Endocrown 

(Z350_SBU) 
6. Endocrown (Bulk-Fill) 
7. Post-retained 

restoration (GFP_Z350) 
8. Post-retained 

restoration 
(GFP_Z350_SBMP) 

9. Post-retained 
restoration 
(GFP_Bulk_Fill) 

1. – 
2. IPS e.max lithium disilicate 
3. Conventional resin compo-

site (Filtek™ Z350 XT) 
4. Filtek™ Z350 XT + SBMP 

(Scotchbond™ Multi-
Purpose Adhesive) 

5. Filtek™ Z350 XT + SBU 
(Scotchbond™ Universal 
Adhesive) 

6. Filtek™ Bulk Fill 
7. White Post DC + Filtek™ 

Z350 XT 
8. White Post DC + Filtek™ 

Z350 XT + SBMP 
9. White Post DC + Filtek™ 

Bulk Fill 

1. 2149.9 ± 543.3 
2. 1748.5 ± 559.3 
3. 2292.3 ± 716.8 
4. 2546.3 ± 216.8 
5. 2583.7 ± 612.2 
6. 3363.1 ± 123.9 
7. 2451.6 ± 484.5 
8. 2774.0 ± 578.8 
9. 2861.2 ± 424.1 

 
Studies in vivo also said that it is better to 

have teeth with ferrules without post than teeth 
with post, but without ferrules.3 Types of post, 
either metal or fiber, have no significant differen-
ce in these studies.3 This shows that post is not 
mandatory after endodontic post treatment tooth. 
Then the question arisen, if without a post, is it 
better to do a core build-up and then restore it 
with a crown? All the way through in-vitro re-
search by Magne, core build-up cannot always 
maintain restoration and remaining teeth. The 
higher core build-up will result in a lower survival 
rate, based on this reason, Magne suggested 
the use of endocrown restoration.2 Endocrown 
is a restoration that is a single unit between the 
crown and the core. Although the literature on 

endocrown is still limited, empirical evidence 
leads to a positive point for the use of this res-
toration. Endocrown is known as a minimally 
invasive type of restoration, which maintains as 
many healthy tooth structure as possible.9 The 
success of endocrown is in the ability of adhesion 
of restoration material to the tooth surface. How-
ever, the use of appropriate materials can also 
affect the success of a restoration.13 Each ma-
terial has a different modulus of elasticity, it is 
recommended that a good restoration material 
should have a modulus of elasticity close to 
enamel & dentin.7 The closer the modulus of 
elasticity between the teeth and the restorative 
material, the more even the  spread of the load. 
Composite resin material as an alternative in

(cont) Tabel 2 Groups evaluated with fracture strength (N) and standard deviation (SD). 
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T abel 3 Groups evaluated with fracture type 

N 
o 

Study Groups Number of 
favorable 
fractures 

Number of 
unfavorable 

fractures 

Unfavorable Fracture 
description 

1 Schmidlin 
PR 

a. H-post (glass-ceramic) 
b. H-post (LiDi) 
c. Endrocrown 
a. Control (Fiber post + 2mm ferrule) 

a. 90 % 
b. 70  
c. 100 % 
d. 50 % 

a. 10% 
b. 30% 
c. 0% 
d. 50% 

Tooth/root fracture that 
would necessitate tooth 
extraction 

2 Atash R a. All ceramic endocrown 
b. Glass fiber post + composite resin core 

+ ceramic crown 
b. cast post and core + ceramic crown 

a. 3 
b. 6 
c.1 

a. 7 
b. 4 
c. 9 

a. 2 loosening 
b. restoration fracture, 

root unbroken 
c. restoration fracture, 

root unbroken 

3 Guo J a. Intact teeth (GI) 
b. Endocrown (GE) 
c. Conventional post-core supported 

crown group (GC) 

a. 7 
b. 4 
c. 4 

a. 3 
b. 6 
c. 6 

Non-repairable fractures 
below the level of bone 
simulation 

4 KOĞLU 
GÜNGÖR, 
Merve 

c. zirconia post/resin-nano-ceramic crown 
(ZrRNC) 

d. fiber post/resinnano-ceramic crown 
(FbRNC) 

e. zirconia post/lithium disilicate ceramic 
crown (ZrLDS) 

f. fiber post/lithium disilicate ceramic 
crown (FbLDS) 

g. resin-nano-ceramic endocrown 
(EndoRNC) 

d. lithium disilicate ceramic endocrown 
(EndoLDS) 

a. 10 
b. 10 
c. 10 
d. 10 
e. 0 
d. 3 

a. 0 
b. 0 
c. 0 
d. 0 
e. 10 
d. 7 

Root fracture 

5 de Kuijper 
M 

a. Control (no preparation) 
b. Glass fiber reinforced composite 

(GFRC) 
c. Microhybrid composite (C) 
d. Microhybrid Composite + post (CP) 
e. Lithium disilicate full contour crown 

(LDS) 
f. Lithium disilicate full contour crown and 

glass fiber post (P-LDS) 
g. Endocrown (EC) 

a. 4 
b. 10 
c. 1 
d. 1 
e. 5 
f. 4 
g. 3 

a. 11 
b. 5 
c. 14 
d. 14 
e. 10 
f. 10 
g. 12 

a. Fracture >1mm below 
CEJ 1; Root fracture 10 

b. Fracture >1mm below 
CEJ 4; Root fracture 1 

c. Root fracture 14 
d. Fracture >1mm below 

CEJ 3; Root fracture 11 
e. Fracture >1mm below 

CEJ 1; Root fracture 9 
f. Root fracture 10 
g. Fracture >1mm below 

CEJ 1; Root fracture 11 

6 Alghalayini 
S. 

Post, core and crown restoration (control) 
a. IPS e.max 0.5 mm above CEJ 
b. IPS e.max 2 mm above CEJ 
c. Lava Ultimate 0.5 mm above CEJ 
d. Lava Ultimate 2 mm above CEJ 
Endocrown restoration 
e. IPS e.max 0.5 mm above CEJ 
f. IPS e.max 2 mm above CEJ 
g. Lava Ultimate 0.5 mm above CEJ  
c. Lava Ultimate 2 mm above CEJ 

 
a. 80% 
b. 40% 
c. 60% 
d. 0% 
 
e. 60% 
f. 100% 
g. 80% 
c. 40% 

 
a. 20% 
b. 60% 
c. 40% 
d. 100% 
 
e. 40% 
f. 0% 
g. 20% 
d. 60% 

Fracture extend beyond 
the cemento-enamel 
junctions 

7 Sedrez-
Porto JA 

a. Control (sound tooth) 
b. Endocrown (E.max) 
c. Endocrown (Z350) 
d. Endocrown (Z350_SBMP) 
e. Endocrown (Z350_SBU) 
f. Endocrown (Bulk-Fill) 
g. Post-retained restoration (GFP_Z350) 
h. Post-retained restoration 

(GFP_Z350_SBMP) 
i. Post-retained restoration(GFP_Bulk_Fill) 

a. 85.7% 
b. 28.6% 
c. 28.6% 
d. 71.4% 
e. 42.9% 
f. 71.4% 
g. 14.3% 
h. 42.9% 
i. 28.6% 

a. 14.3% 
b. 71.4% 
c. 71.4% 
d. 28.6% 
e. 57.1% 
f. 28.6% 
g. 85.7% 
h. 57.1% 
i. 71.4% 

Root fracture 
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making endocrown crowns can be considered. 
According to Sedrez-Proto JA et al., endocrown 
crowns with composite resins have a mechanical 
ability that resembles conventional crown resto-
rative materials such as glass-ceramics, but is 
better because the resin composite endocrown 
are considered to be able to protect the re-
maining tooth structure than e.max restoration 
materials.10 

When used for anterior teeth, endocrown has 
no better fracture resistance and post and crown 

restoration.13
 The same finding for premolar teeth 

was also stated by Guo, et al.12 However, endo-
crown for anterior teeth produce more unfavora-
ble fracture than post.13 This might be because 
endocrown is considered like a short post.  

Answer the PICO question, according to most 
studies, tooth with root canal treatment restored 
with endocrown has better fracture resistance 
compared than post and crown. However, endo-
crown does not provide better protection against 
fractures that occur compared to post and crown.  
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ABSTRACT 
The clinical results of a case demonstrating dental implant insertion in a patient receiving chemotherapy is the 
focus of this report. A 74-year-old male patient came on his own accord because five units of porcelain long 
bridge in his right mandibular region were loosened. The one abutment tooth had a severe problem due to the 
periodontal problem (tooth 47), and teeth 43 and 44 were treated with root canal treatment, intrapulp post and 
porcelain crowns. After insertion of the fixture bone level implant, the patient is diagnosed with lymphoma and 
chemotherapy is performed for treatment. Clinically, the implants had no mobility, with no apparent exudate or 
bleeding upon probing 1 year after. At the time second procedures were performed, the dental implants had 
provided support for the abutments. One of the abutments was changed with anatomic abutment due to 
realignment of prosthesis position. Finally, three crowns porcelain fused to metal were used as final restorations 
and harmonized occlusion was achieved. The following is a discussion of the purposes and technique used for 
the insertion of these dental implants. 
Keywords: dental implants, dental porcelain, dental abutments, crowns, lymphoma 

 
INTRODUCTION 

A dental crown is a restoration that re-
places the top part of the tooth. A single tooth 
that needs to be completely replaced can be 
restored utilizing an implant-supported crown. 
The crown is usually porcelain, which gives a 
natural look to the restoration. It is supported by 
a titanium “root” and post, implanted into the 
jawbone. The implant cements that artificial tooth, 
ensuring that the crown and teeth are firmly fit 
and avoiding position shifting. An implant-sup-
ported crown looks such as the natural form, size 
and color with the teeth and provides a won-
derful smile.1 

A dental implant is indeed a titanium post 
(like some kind of teeth root) that is located 
under the gum line and puts the artificial tooth in 
the jawbone in it. A healthy gums and enough 
bone to support implants is necessary before 
placing an implant. Many implants have three 
parts: the implant in bone, the abutment (or 
connector) which holds the tooth, as well as the 
crown tooth. The crown is like a tooth and looks 
like the others around. The abutments are made 
from various materials, usually titanium, but also 
gold or zirconia. The crown is applied to the abut-
ment using a special type for dental cement. Well-
constructed dental implants connect with the 
tooth and the abutment very closely. This is ne-
cessary for the implant's long-term maintenance.2 

Implant placement in patients with malignant 
disease and benign tumors presents special dif-

ficulties. Patients with cancer can have oral toxic 
effects in the form of antineoplastics agents. 
One of the treatments for patient with cancer is 
chemotherapy. The goal of treating cancer with 
chemotherapeutic agents would be to prevent 
cancer cells from multiplication, invading, meta-
stasizing, and ultimately killing the patient. While 
some local and systemic causes might be con-
traindications to treatment by dental implants, 
the successful rate of dental implants for pa-
tients that have received chemotherapy remain 
unclear.3 This case report describes a patient 
undergoing chemotherapy for lymphoma with 
successful survival of dental implants inserted in 
the mandibula.  

 
CASE  

A 74-year-old male patient came on his own 
accord because five units of porcelain long bridge 
in his right mandibular region were loosened. 
The one abutment tooth had a severe problem 
due to the periodontal problem (tooth 47). 

Patient wanted to have implant treatment 
with fixed restoration because he had experi-
enced with the fixed restoration before in another 
region, so the prosthodontic treatment option was 
using implant supported crowns. 

 
MANAGEMENT 

The abutment, teeth 43 and 44 were treated 
with root canal treatment, intrapulp post and 
porcelain crowns. Three bone level dental 
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implant fixtures were inserted in 45, 46, 47 
regions. 

After insertion of the fixture, the patient was 
diagnosed with lymphoma and chemotherapy 
was performed for treatment. The implants were 
checked after 1 year following insertion. 

Fig 1 Five units porcelain long bridge were loosened. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2 Three bone level dental implant fixtures were 

inserted. 
 

Fig 3 Clinical intra oral examination 1 year after insertion 

Fig 4 Radiograph examination 1 year after insertion. 

 
Clinically, the implants submerged in soft tis-

sue, with no apparent exudate or bleeding. The 

panoramic radiograph shows the bone 
appeared to be integrated to the surface of the 
implant, and relatively mature and healthy. 

At the time second procedures were per-
formed, the dental implants had provided sup-
port for the abutments. 

 
 
 
 
 
 
 
 
 
 
 

Fig 5 Abutment at second procedures. 

 
Three weeks upon the second operation, 

the dental implants were in a state of health and 
functioning in their intended purpose, the mucosa 
had a full recovery and the impression was done. 
One of the abutments was changed with anatomic 
abutment due to realignment of prosthesis 
position. 

 
 
 
 
 
 
 
 
 
 
 
Fig 6 One abutment was changed with 
anatomic abutment. 

 
Finally, three crowns porcelain fused to me-

tal were used as final restorations and harmo-
nized occlusion was achieved. Panoramic view 
was taken 6 months after the treatment had fully 
been accomplished. 

Fig 7 Three crowns porcelain fused to metal. 
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DISCUSSION 

Dental implants were widely used and are 
regarded to be one of many treatment options 
which can be used to replace missing teeth. The 
number of implant-supported therapy choices 
has been effectively used to substitute a single 
tooth, various teeth and a totally edentulous jaw. 
This achievement relies on the capacity of implant 
material to incorporate into the surrounding tissue. 

Cancer patients can suffer oral toxic effects 
to antineoplastic therapy in the form of chemo-
therapy. This risk is driven by a variety of varia-
bles, including elevated oral mucosal cell turnover 
rate, oral microflora variety and complexity, or soft 

tissue trauma during ordinary oral function. Main 
oral complications of chemotherapy are mucosi-
tis, neurotoxicity, susceptible to infections, den-
tal, salivary and taste alterations, and the deve-
lopment of osteonecrosis. 

When placing dental implants, it should be 
known that even a series of metabolic changes 
occur around the implant, leading to the formation 
of bone closely linked to the implant surface (os-
seointegration). Implants can be osseointegrated 
while the bone and surrounding soft tissues heals 
and, if chemotherapy is to be given, implants can 
normally have osseointegrated before the chemo-
therapy.4 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig 8 Panoramic radiograph 6 months after treatment. 
 

Table 1 Dental treatment before, during and after chemotherapy5 
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Fig 9 Administration of chemotheraputic agent or radiotherapy.5 

 
This table is the guideline for dentist to treat 

the patient before, during, and after chemothe-
rapy procedure and administration of chemothe-
raputic agent or radiotherapy.5 

Implant therapy is not absolutely forbidden 
to be done in chemotherapy patient. Implant can 

be done by considering a least four factors, such 
as patient’s health, oral hygiene, chemotherapy 
standard operating procedure, and approval from 
the oncologist. A good follow up and communi-
cation should be done among patient, dentist, and 
oncologist.
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ABSTRACT 
Introduction: Heat cured acrylic resin is frequently used denture base material whereby transverse strength is one 
of the mechanical properties that must be observed. A rough surface absorbs water, reduces strength of denture 
bases, thus polishing should be done. Pumice is the most abrasive material used in dentistry. Eggshell and tooth-
paste can be used as alternative abrasive materials. This study aims to determine the differences in value of trans-
verse strength of HCA resin once polished using pumice, eggshells, and toothpaste. Method: This laboratory ex-
perimental study using sample sized 65x10x2.5 mm with 30 samples in total for 3 groups. Transverse strength was 

measured using Universal Testing Machine. The data were analyzed using one-way Anova. Result: The comparison 
ratio of transverse strength between HCA resin after polishing with pumice, eggshells and tooth paste is 93.63 : 
118.42 : 105.91 MPa. It shows there were significant differences in transverse strength between groups with sig-
nificant value p was 0.001 which less than 0.05. Conclusion: The value of transverse strength varies according to 

polishing material used. Eggshell has the highest transverse strength value compared to pumice and toothpaste.  
Key words: heat cured acrylic resin, denture bases, transverse strength, polishing materials 

 
INTRODUCTION 

Since first polymerized in 1936 by Walter Bauer, 
heat cured acrylic resin became the most com-
monly used denture base material because it is 
inexpensive, ease processing, good color stability 
and easy to polish.1,2

 One of the characteristics of 
heat cured acrylic resin that should be observed 
is the mechanical properties which is the transver-
se strength.2 The minimum transverse strength of 
denture base materials should not be less than 
65 MPa.3 The transverse strength of acrylic resins 
depends on several factors such as polymer mo-
lecular weight, residual monomer level, plasticizer 
composition, denture base thickness, type of po-
lishing and porosity.4 Rough surfaces increases 
water absorption because water acts as a plasti-
cizer until acrylic resin material becomes soft and 
flexible.5,6

 To get a smooth surface, polishing pro-
cess should be done. Traditionally, acrylic resin is 
polished by mechanical procedure using abrasive 
materials because it produces a smoother base 
surface. Abrasive material that is often used as a 
polishing material in the field of dentistry is pumice. 
Pumice is the powdered form of volcanic rock that 
has a holey texture.7 Pumice consists of 60-67% 
silica, 13-17% alumina, 7-8% sodium oxide-potas-
sium oxide and minimal amount of iron oxide, 
calcium oxide and titanium dioxide.8 

Other alternative abrasive materials that can be 

used as polishing agent are eggshell and toothpas-

te. The eggshell is the outer part of the egg with a 

hard and porous texture consisting of 94% calcium 
carbonate, 1% magnesium carbonate, 1% calcium 
phosphate and 4% organic matter.9 Henuset sta-
tes calcite from calcium carbonate has abrasive 
properties which can be used to polish the surface 
of acrylic resins.10 

Toothpaste is generally used for tooth surfaces 
and mechanical cleaning of artificial teeth. Tooth-
paste contains a variety of abrasive substances 
such as calcium carbonate, dicalcium phosphate, 
alumina, calcium pyrophosphate, sodium bicarbo-

nate, perlite and silica. Generally, the abrasive ma-
terial in a toothpaste is around 20-55%.11 Accord-
ing to Hefferen and Forward, abrasive material is 
added to toothpaste to remove plaque, stain and 
food debris.12

 According to Pisani et al, toothpaste 
has polishing effect on the surface of acrylic re-
sin denture bases because of the silica content.13 

Based on this, the idea arose to utilize 
eggshells and toothpaste as a polishing agent 
for heat cured acrylic resin bases. 
 
METHOD 

In this experimental laboratory research,the 
eggshells were collected from various food outlets, 
washed under running water and then soaked for 
6 hours in 2.5% sodium hypochlorite solution. Egg-
shells were dried using electric oven (Naberthem, 
USA) for 6 minutes at 250°C. The eggshells were 
crushed with a blender and 15 g of sodium lauryl 
sulfate added to 300 g of eggshell and blended until 
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homogeneous. The use of ball-mill (Retsch PM 200 
Series, Germany) to produce fine particle size was 
carried out for 60 minutes at a speed of 400 rpm. 
The powder was then sieved with mesh 100 and 
continued with mesh 400. 

Samples were made from HCA resin of size 
65 × 10 × 2.5 mm.3,5 The total number of sample 
was 30 and divided into 3 groups: the pumice group, 
the eggshell group and the toothpaste group. The 
cuvette containing the mold comes from the pa-
rent model which was planted in a cast. The mold 
was filled with acrylic resin dough then the cuvette 
was closed, pressed then cured in a water bath. 
Samples were removed from the cuvette and trim-
med with a fraser bur, grinded with 400, 800 and 
1200 sandpaper using a rotary grinder and follow-
ed by polishing using a rag wheel mounted to po-
lishing motor, using pumice, eggshell and tooth-
paste. Each sample was polished for 2 minutes, 
then were immersed in distilled water for 2 days 
at 37°C in an incubator (Memmert, Germany). 

Transverse strength testing was performed 
using the Universal Testing Machine (Torsee’s 
Electronic System). Data analysis was performed 
with Univariate test and one-way Anova test. 
 

RESULT 
The results show that the value of transverse 

strength analyzed by the Univariate test whereby 
the pumice group has a mean value of 93.63 MPa 
and with a standard deviation of 10.22. The mean 
value of eggshell group was 118.42 MPa with a 
standard deviation of 12.66. The mean value of the 
toothpaste group was 105.91 MPa with a standard 
deviation of 9.80. Based on the one-way Anova 
test, there were significant differences in the value 
of transverse strength in the three groups with a 
value of p was 0.001, less than 0.05 (Table 1). 
 

Table 1 Anova test results on the value of transverse 

strength between the pumice, eggshell and toothpaste 
groups. 

Groups 
Transverse Strength (MPa) 

n �̅�± SD p 

Pumice 10 93,63 ± 10,22 

0,001* Eggshell 10 118,42 ± 12,66 

Toothpaste 10 105,91 ± 9,80 

Note: *significant 
 

Based on least significant difference (LSD) test, 

the value of transverse strength between the pu-
mice group and the eggshell group with a value of 
p was 0.001; less than 0.05, the pumice group with 
toothpaste group with a value of p was 0.019; less 

than 0.05, eggshell with toothpaste group with p 
value was 0.017; less than 0.05 (Table 2). 
Table 2 LSD test results for each group 

 Pumice Eggshell Toothpaste 

Pumice - 0.001* 0.019* 
Eggshell 0.001* - 0.017* 

Toothpaste 0.019* 0.017* - 

Note: *significant 
 

The results show that the three groups have 
transverse strength values above the standard 
value accepted in dentistry, which is 65 MPa. 
Based on the statistical test results, the eggshell 
group has the highest transverse strength value 
compared to the pumice group and toothpaste 
group. There was a significant difference between 
the eggshell group with the pumice group and 
toothpaste group. 
 

DISCUSSION 

The results show that the value of transverse 
strength varies in the same group. The acquisition 
of these varied results can be caused by a rough 
surface that increases the capacity of water ab-
sorption.6 Acrylic resins have the characteristics 
of absorbing water slowly over a period of time by 
the mechanism of water absorption through the 
diffusion of water molecules according to the dif-
fusion law. Absorption occurs because water mo-
lecules penetrate the mass of polymethyl metha-
crylate and occupy the positions between the po-
lymer chains which causes disruptions to the po-
lymer chains.14

 The water absorbed acts as a plas-
ticizer which affects the surface hardness, dimen-
sional stability, colour stability, fatigue limit and 
transverse strength.5 

Research by Hasanah shows that the surface 
roughness values of HCA resin polished with alu-
mina were 0.3488 ± 0.0767 μm.15 Sahin stated 
that HCA resin polished with alumina and immersed 
in aquades for 2 days produces tranverse strength 
value of 64.27 ± 4.30 MPa.16 The acquisition of 
a low transverse strength value is due to the rough 
surface of the acrylic resin resulting in high water 
absorption. Study conducted by Oliviera obtained 
that the HCA resin polished with pumice and chalk 
resulting in surface roughness value of 0.0427 ± 
0.25 μm.17

 Braun stated that the HCA resin polished 

with pumice and chalk and soaked in aquades for 
2 days resulted in a transverse strength value of 
89.05 ± 0.73 MPa.18 The acquisition of high trans-
verse strength value is due to the smooth surface 
of acrylic resin resulting in low water absorption. 
This is supported by Rahal et al stating that high 
water absorption occurs on rough surfaces where 
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water enters through the surface porosity of 
acrylic resin after polishing.19 

Based on the data obtained, the mean and 

the standard deviation value of transverse strength 
of pumice group was 93.63 ± 10.22 MPa. The value 
of transverse strength of eggshell group was 
118.42 ± 12.66 MPa. The transverse strength value 
of toothpaste group was 105.91 ± 9.80 MPa. From 
the one-way Anova test in Table 1, it can be seen 
that there were minimal significant differences in 
the two groups because the significance of p was 
0.001 and less than 0.05. 

The pumice group has transverse strength 
value above the standard required in dentistry. In 
this study, the pumice group has a mean trans-
verse strength value of 93.63 ± 10.22 MPa, this 
value was not much different from previous study 
which had a transverse strength value of 94.77 
± 9.45 MPa.4 Although the value of transverse 
strength in the pumice group is more than the re-
quired standard value but the value is lower than 
the eggshell and the toothpaste group due to the 
high water absorption in the pumice group. Water 
absorption occurs on rough surfaces where water 
enters through the surface porosity on acrylic 
resin.19 Yudi’s study obtained that the HCA resin 
polished with pumice results in higher surface 
roughness value compared to eggshell and tooth-
paste group.20

 This is due to the differences in par-
ticle size, particle shape, particle hardness and 
abrasive material content of each polishing agent 
is different.10,13 Pumice with an irregular particle 
shape has a particle size of 5-8 μm and particle 
hardness of 6-7 according to the Mohs scale. 
High particle hardness and size produces higher 
surface roughness of acrylic resin, to the extend 
that when acrylic resin is immersed in distilled 
water, high water absorption occurs and the trans-
verse strength decreases because water acts as 
a plasticizer which results in HCA being flexible. 

The eggshell group has a mean transverse 
strength value of 118.42 ± 12.66 MPa higher than 
the pumice and toothpaste group. Yudi’s research 
found that eggshell produces smoother surface.20 
According to Areeg & Bassam et al, physical pro-
perties of abrasive materials such as particle size 
and hardness are directly proportional to the qua-
lity of surface roughness.10 In this study, ball mill 
was used for 60 minutes. Wu SC et al stated that 
grinding eggshell using a ball mill for 60 minutes 
can produce an average particle size of 2.21 μm. 
Based on that study, it was known that longer 
grinding time with a ball mill produces smaller par-
ticle size.21 The hardness of eggshell particle is 

4 according to Mohs scale. Smaller particle size 
and lower particle hardness of polishing materials 
have an advantage that is to produce smoother 
surface. In addition, the abrasiveness of eggshell 
material is influenced by the calcite content in cal-
cium carbonate ranging 94-98.2%, calcite acts as 
an abrasive.10

 With this, the water absorption that 
occurs in acrylic resin is low. This results in acrylic 
resin having great strength and being able to re-
duce deflection when force is applied which pro-
duces high transverse strength value. 

The toothpaste group has a transverse strength 
value of 105.91 ± 9.80 MPa. Yudi’s study found 
that toothpaste showed a lower surface value than 
pumice group but higher surface roughness value 
than eggshell group.20 Pisani et al after experi-
menting the effect of abrasive toothpaste on sur-
face roughness of acrylic resin, stated that tooth-
paste which contains silica has polishing effect 
on the surface of denture bases.13 The shape of 
the toothpaste particle is square or slightly rounded 
and the hardness of the particles according to 
the Mohs scale is 5.22 Although the amount of 
abrasive material in toothpaste ranges 20-55%, 
it is less than the pumice and eggshell group 
which makes the abrasive ability of toothpaste to 
be low thus the effectiveness when polishing is 
reduced, however the particle size is smaller than 
pumice and eggshell group which is an advantage 
for the toothpaste group. Toothpaste produces 
smoother surface compared to pumice group. 
Water absorption is high, thus resulting in lower 
transverse strength value compared to eggshell 
but higher transverse strength value than pumice 
group. 

The LSD test shows a significant difference 
between the pumice group and eggshell group 
with p was 0.001, pumice group and toothpaste 
group with p was 0.019 and the eggshell group 
with the toothpaste group with a value of p was 
0.017. Based on this, it can be statistically seen 
that the 4 eggshell group produced the highest 
transverse strength value compared to pumice 
and toothpaste group, while the toothpaste group 
produced higher transverse strength value com-
pared to pumice group. Eggshells have an advan-
tage, whereby is has the highest amount of abra-
sive material compared to other polishing material 
in which it has calcium carbonate content 94-
98.2%.10 

Clinically, the standard transverse strength 
value of denture base is not less than 65 MPa. 
Based on this, all three groups have fulfilled the 
standard transverse strength value requirement. 
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Pumice is the most widely used polishing material 
for acrylic resins because it has been proven that 
the transverse strength is more than 65 MPa, how-

ever the transverse strength value is still not bet-
ter compared to eggshell and toothpaste. Eggs-
hell produces better transverse strength value 
compared to pumice and toothpaste. Toothpaste 
produces better transverse strength value com-

pared to pumice, however it is still not better com-
pared to eggshell. 

It was concluded that the use of different po-
lishing materials on heat cured acrylic bases has 
an influence on the value of transverse strength. 
Heat cured acrylic resin which was polished using 
eggshell has higher transverse strength value 
than that which was polished using pumice and 
toothpaste.
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