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SUMMARY
One of the most difficult problems in orthodontic treatment with fixed 

appliances is the control of enamel demineralization around the brackets. 
The bands/brackets and the different orthodontic elements that are used 
(elastics, plastic, sleeves, springs) make the patient’s dental hygiene more 
difficult and the accumulation of plaque easier. The purpose of this study 
was to measure the percentage of Ca, Na, K and Mg in the enamel before 
and after application of the topical gel - GC Tooth Mousse. 

In this study, 40 healthy extracted premolars without any clinical sign 
of decalcification were selected. All teeth were cleaned and cut in half in the 
bucco-lingual direction with a diamond disc. Thus, the control and test speci-
mens were obtained from the same teeth. Orthodontic brackets were bonded 
with Fuji Ortho LC. They were divided in 2 groups according to the period 
of monitoring (14 days and 1 month). Then, they were coated with a topical 
gel - Tooth Mousse (GC Corp, Japan), for 5 minutes each day, and stored 
in artificial saliva until analyzing. We have measured the percentage of Ca, 
Na, K and Mg in the enamel by using the method of flame atomic absorption 
spectrometry, with a Varian Spectra AA 55 B atomic absorption spectrometer. 

The results obtained in this study refer to high percentage of Ca in 
enamel in the study group for the first examined period. The percentages of 
Ca in enamel were remarkably higher after 1 month from application of den-
tal mousse. This indicates that, with an in vitro tooth-brackets model, inhibi-
tion of creating white spot could be achieved with the use of resin modified 
glass ionomer cement, supplemented with topical gel exposure. The mineral 
balance in the oral environment is accomplished by application of the Recal-
dentTM CPP-ACP in the form of GC Tooth Mousse.
Keywords: Dental Caries; Enamel; Demineralization; Remineralization
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Prevention of Enamel Demineralization
During Orthodontic Treatment: An In Vitro 
Study Using GC Tooth Mousse
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Introduction 

One of the most difficult problems in orthodontic 
treatment with fixed appliances is the control of enamel 
demineralization around the brackets. The bands/brackets 
and the different orthodontic elements that are used 
(elastics, plastic, sleeves, springs) make the patient’s dental 
hygiene more difficult and the accumulation of plaque 
easier2,15. After the use of fixed appliances, decalcification 
marks are more pronounced at the gingival part of the 
teeth, were higher plaque accumulation usually occurs. 

These decalcification marks are seen as early as 4 weeks 
after band/bracket placement. 

Several studies report different finding concerning 
possible decalcification of teeth. Mizrahi found that the 
maxillary incisors and mandibular first molars are most 
likely to exhibit signs of decalcification13. Trimpeneers 
found the maxillary central incisors to be most susceptible 
and Gorelick’s study reported the maxillary laterals11,24. 
One study measured the frequency of white spot formation 
on the teeth and ranked them from most common to least 
common. The ranking is: maxillary lateral, mandibular 
second premolar, maxillary canine and maxillary first 
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premolar26. The resistance of the mandibular segments has 
been linked to the buffering capacity of saliva9.

Much research has been focused on reducing the 
occurrence of decalcification during orthodontic treatment. 
Researchers have turned their attention toward appliance 
design, bonding materials, use of fluorides, sealants 
and improving oral hygiene7. Many products have been 
developed to prevent demineralization of enamel surface, 
like casein phosphopeptide-amorphous calcium phosphate 
(CPP-ACP).

CPP-ACP can be found in multiple products. 
Recaldent™ is a unique complex containing amorphous 
calcium phosphate (ACP) and casein phosphopeptide 
(CPP), obtained from milk casein. The preparation is 
recommended in need for hard tissue remineralization. The 
manufacturer compares the material to “liquid enamel”. 
CPP-ACP complex make a strong binding with a bio-
film on teeth and form calcium and phosphate reservoir. 
They are then incorporated into the surface of enamel and 
dentine21. The effect of GC Tooth Mousse, with CPP-
ACP complex is part of the new and modern approach 
to caries prevention. The CPP-ACP complex contained 
in Recaldent™ is hence an ideal system for transporting 
free calcium and phosphate ions, and GC Tooth Mousse, 
containing this novel active ingredient, is the world’s first 
product for professional use in the dental practice12.

The proposed anticariogenic mechanism of CPP- 
ACP involves the incorporation of the nanocomolexes 
into dental plaque and onto the tooth surface, thereby 
acting as a calcium and phosphate reservoir. Studies have 
shows that CPP-ACP incorporated into dental plaque can 
significantly increase the levels of plaque calcium and 
phosphate ions. This mechanism is ideal for the prevention 
of enamel demineralization as there appears to be an 
inverse association between plaque calcium and phosphate 
levels and measured caries experience19.  

Several in vitro and in vivo studies have shown that 
treatment with CPP-ACP corresponds with a reduction in 
demineralization and increases in remineralization5,14,22. A 
clinical study by Iijima et al6, who used sugar free chewing 
gum containing 18.8 mg CPP-ACP, showed that CPP-
ACP increased resistance to demineralization, increased 
remineralization and created remineralized enamel that 
was more resistant to subsequent demineralization. Cai et 
al3 found that the used of sugar-free lozenges containing 
CPP-ACP significantly increased remineralization of 
enamel subsurface lesions in situ, with 18.8 and 56.4 mg 
of CPP-ACP increasing remineralization by 78 and 176% 
respectively. One study found that the treatment with 
0.1% CPP-ACP, applied twice daily, resulted in a 14% 
decrease in smooth surface caries, and with 1.0% CPP-
ACP resulted in a 55% decrease18.

The purpose of this study was to measure the 
percentage of Ca, Na, K and Mg in the enamel before and 
after application of the topical gel - GC Tooth Mousse. 

Material and Method

In this study, 40 healthy extracted premolars without 
any clinical sign of decalcification were selected. All teeth 
were cleaned and cut in half in the bucco-lingual direction 
with a diamond disc. Thus, the control and test specimens 
were obtained from the same teeth. Orthodontic brackets 
were bonded with Fuji Ortho LC (GC America Chicago, 
III), a resin-modified glass ionomer cement. The teeth 
were divided in 2 groups according to the period of 
monitoring (14 days and 1 month). Then, they were coated 
with a topical gel - GC Tooth Mousse for 5 minutes each 
day, and stored in artificial saliva until analyzing. 

We have measured the percentage of Ca, Na, K and 
Mg in the enamel by using the method of flame atomic 
absorption spectrometry (FAAS), with a Varian Spectra 
AA 55 B atomic absorption spectrometer. 

Determination of the Content of Calcium, 
Magnesium,Potassium and Sodium in Human Tooth Enamel

Determination of Ca, Mg, K and Na by FAAS with 
Varian Spectra AA 55 B atomic absorption spectrometer 
is already described10,25. Hollow cathode lamps were 
used as a source of electromagnetic radiation for each 
element. Lamps are optimized for 15 min before analysis. 
A mixture of acetylene and air was used for flame. Before 
the analysis, instrumental parameters for better precision 
and sensibility on analysis were optimized (Tab. 1).

Table 1. Optimal instrumental parameters for Ca, Na, K and Mg 
determination by FAAS

Parameters Ca Na K Mg

Wavelength/nm 422.7 589.0 766.5 285.2

Slit/nm 0,5 0,5 1,0 0,2

Lamp current/mA 10 5 5 4

The content of the investigated elements in the tooth 
enamel was determined by FAAS after mineralization in a 
microwave digestion system from Milestone, model Ethos 
Touch Control. The mineralization program is presented in 
table 2. 

Table 2. Teeth sample mineralization programme

Step Temperature/°C Time/min Power/W Pressure/bar

1 160 10 300 15

2 210 10 450 15

Preparation of Teeth for Analysis
Teeth samples are stored in artificial saliva, then 

washed in de-ionized water and dried on room temperature 
for 2-3 hours. After crushing, powdered tooth (0.1 g) 
were placed in Teflon vessel and subjected to a wet 
mineralization in a closed system with 2 ml nitric acid. 
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Teflon vessels were placed in microwave oven and were 
mineralized by programme given in table 2 after the second 
step system ventilations (20 min). The mineralization 
product was transferred quantitatively into 25 ml and 
de-ionized water was added. The samples could by 
subjected to FAAS after this treatment.

Construction of Calibration Dagram
Calibration diagram is constructed by using a method 

of standard solutions using regression analysis, where 
functional relationships between mass concentration and 
absorbance of Ca, Na, K and Mg were obtained. For the 
construction of calibration diagram standard solutions of 
Ca, Na, K and Mg, with concentration of 1 mg/L, were 
used. Means of absorbance for each calcium  standard 
solution are given in table 3.

Table 3. Absorbance for appropriate mass concentrations of 
calcium in tooth enamel

γ(Ca)/μg/ml A

0 0

10 0,086

20 0,165

30 0,224

Analytical dependence on absorbance of concentration of Ca is 
given by equation:   
A = 0,0078· γ(Ca)/μg/ml
Correlation coefficient is 0,992.

For statistical evaluation, a one-way analysis of 
variance (ANOVA) was initially used to see if there was a 
significant difference between groups.

Results

Table 4 shows the percentage of Ca in enamel in the 
experimental group of teeth 14 days after application of 
the topical gel - GC Tooth Mousse. Average value of Ca 
in the examined group of teeth was 22.38%, and 20.06% 
in the control group. For this time period, statistically 
significant difference was found between mass fractions 
of Ca in the tooth enamel between groups. 

Table 4. Values on the mass fraction of Ca in enamel 14 days 
after application of the topical gel

group n x SD t p

test 30 22.38 4.58

-2.23 0.033*

control 30 20.06 3.78

Table 5 shows mass fraction of Na, K and Mg in 
enamel in the group of examined teeth compared with the 
control group 14 days after application of the topical gel. 
For this time period, no statistically significant difference 
was found between mass fractions of K, Mg in the enamel 
between both groups. Mass fractions of Na in the enamel 
displayed increased value, with 0.89% in the examined 
group and 0.60% in the control group, the difference being 
statistically significant.

Table 5. Values on the mass fraction of Na, K and Mg in enamel 
14 days after application of the topical gel

group parameters n x SD t p

test Na 30 0.89 0.05

2.37 0.02*

control Na 30 0.60 0.06

test K 30 0.042 0.018

1.88 0.06

control K 30 0.04 0.009

test Mg 30 0.27 0.08

-0.33 0.74

control Mg 30 0.23 0.07

Table 6. Values on the mass fraction of Ca in enamel  1 month 
after application of the topical gel

group n x SD t p

test 30 23.04 4.51

3.21 0.003**

control 30 21.02 3.84

Table 6 shows the mass fraction of Ca in enamel in 
the group of examined teeth compared to the control group 
of teeth 1 month after application of the topical gel. It 
shows highly significant statistical difference of the values 
(23.04% in the examined group, compared to 21.02% in 
the control group). Values of the mass fraction of Na, K 
and Mg in enamel of both groups of teeth, 1 month after 
application of the topical gel, is shown in table 7. These 
values were higher in the examined group compared to the 
control group of teeth.
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Table 7.  Values on the mass fraction of Na, K and Mg in enamel 
1 month after application of the topical gel

group parameters n x SD t p

test Na 30 0.91 0.14

-8.96 0.000000**

control Na 30 0.67 0.05

test K 30 0.042 0.017

19.09 0.000000**

control K 30 0.017 0.007

test Mg 30 0.29 0.09

-2.3 0.02*

control Mg 30 0.25 0.04

Discussion

Enamel decalcification around orthodontic bands 
and brackets has long been a concern. Studies show that 
orthodontic appliances increase the accumulation and 
adherence of plaque in mouth. Streptococcus mutans and 
Lactobacillus concentrations in the oral cavity increase 
in conjunction with orthodontic treatment and fixed 
appliances. These and other bacteria ferment carbohydrates 
to produce organic acids. These acids can, over time, lead 
to the dissolution of calcium and phosphate ions from the 
enamel surfaces. This process of decalcification may lead 
to white spot lesions and even capitation in as little as 4 
weeks16,20,23.

Clinical experience shows that the use of fixed 
appliances in orthodontic treatment increases the risk of 
enamel demineralization, especially in conjunction with 
compromised oral hygiene. Together with topical gel GC 
Tooth Mousse applications, the development and use 
of fluoride-releasing orthodontic materials may reduce 
the risk of enamel demineralization during orthodontic 
treatment. 

In this in vitro study we examined the percentage of 
calcium, its effect on enamel demineralization, and the 
alterations that are observed on the enamel surface after 
the use of fluoride-releasing orthodontic bonding system 
(Fuji Ortho LC).

Enamel lesion which have been remineralized with 
topical exposure to CPP-ACP have been shown to be 
more resistant to subsequent acid challenge, and capable 
to promote remineralization of enamel subsurface lesions 
with hydroxyapatite. In addition, the relatively low 
carbonate environment of the CPP-ACP treated crystalline 

and lower micro strain than might be found in normal 
tooth enamel17.

Enamel demineralization in vitro was inhibited to 
a certain degree in our study. Similar decalcification 
prevention has been reported by many authors for other 
fluoride-releasing materials1,4,8. However, significant 
difference in demineralization inhibition was observed 
between 2 periods of monitoring.

The results obtained in this study refer to high 
percentage of Ca in enamel in the study group for the first 
examined periods. The percentages of Ca in enamel were 
remarkably higher after 1 month from application of dental 
mousse. The finding from this in vitro study indicate 
that fluoride-releasing adhesives may inhibit enamel 
decalcification adjacent to orthodontic brackets during 
the examined period by forming a protective deposit of 
calcium fluoride-like particles on the enamel surface. 

Conclusions

Demineralization during orthodontic treatment is a 
significant clinical problem.

The results of this study indicate that with an in vitro 
tooth-brackets model, the creation of white spot inhibition 
could be achieved with the use of resin modified glass 
ionomer cement, supplemented with topical gel exposure. 
The effects of CPP-ACP have so far shown promising 
dose-related increases in enamel remineralization within 
already demineralized enamel lesion. The mineral balance 
in the oral environment is accomplished by application 
of the RecaldentTM CPP-ACP in the form of GC Tooth 
Mousse.
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SUMMARY
The aim of this study was to describe the distribution and degree 

of infraocclusion and to evaluate the influence of the age of diagnosis 
and treatment outcomes of primary molars during a period of 2 years. 21 
patients, aged between 6 to 11 years, participated in the study. The children 
were subjected to clinical and radiographic examinations every 6 months 
during 2 years. Parameters assessed were age, gender, distribution and 
degree of infraocclusion based on radiographs, ankylosis, altered position of 
adjacent and successor teeth and treatment outcome.

It has been found that the most frequently affected teeth were primary 
second molars located in the lower arch as bilateral occurrence. The degree 
of infraocclusion was considered as mild in 35, moderate in 15 and severe in 
6 teeth. The successors were congenitally absent in 10 infra-occluded teeth. 
Tipping of neighbouring teeth and the delayed eruption of the permanent 
successors were found to be the most frequent complications. The treatment 
outcome was favourable in 78% of the cases. It could be concluded that 
early diagnosis, correct treatment approach and follow-ups were the main 
factors of a successful treatment of infra-occluded primary molars. 
Keywords: Infraocclusion; Primary Molars; Children; Ankylosis
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Introduction

The term “infraocclusion” describes a tooth which lies 
below the occlusal plane. Other terms used in the literature 
are submerged, impaction, reimpaction, re-inclusion and 
secondary retention. However, it is suggested that the term 
“infraocclusion” gives a good description of the clinical 
appearance and has gained increasing use during recent 
years1. The term “ankylosis” has been also most widely 
used because of the clinical, radiographic and histological 
evidence, which suggested that the majority of infra-
occluded teeth were ankylosed. This term refers to one 
possible cause or frequent association with infraocclusion. 
It is assumed that because of tooth ankylosis, the infra-
occluded tooth remains in a fixed position while eruption 
of adjacent teeth appear2.

The other factors involved in infraocclusion of 
primary teeth are congenitally missing permanent teeth, 
defects in the periodontal membrane, local mechanical 
trauma, a disturbed local metabolism, injury to the 
periodontal ligament, precocious eruption of the permanent 
first molar or a combination of the mentioned factors3-7. A 

familial tendency was also indicated as the aetiology of 
infraocclusion8. 

Infra-occluded teeth are more common with the 
primary teeth than the permanent teeth, and mandibular 
primary molars tend to be infra-occluded more frequently 
than maxillary primary molars2,8,9. 

The aim of the study was to describe the distribution 
and degree of infraocclusion in a group of children aged 
between 6 to 11 years, and to evaluate the influence of the 
age of diagnosis and treatment outcomes during a period 
of 2 years.

Material and Methods

21 patients aged between 6 to 11 years, who were 
referred to the Department of Paediatric Dentistry, 
Ege University, due to their dental problems, enrolled 
in the study. The infra-occluded teeth were observed 
after clinical and radiographic examinations including 
orthopantomograph and periapical radiographs. The follow-



up examinations also comprised clinical and radiographic 
examinations every 6 months during 2 years. The radio-
graphs were evaluated for resorption and ankylosis of the 
infra-occluded teeth and comparisons were made with 
radiographs taken before.   

Parameters assessed were age, gender, distribution 
and degree of infraocclusion based on radiographs, 
ankylosis, altered position of adjacent and successor teeth, 
and treatment outcome. The degree of infraocclusion was 
considered as mild, moderate or severe, as described by 
Brearly and Mc Kibben10. Mild was described as occlusal 
surface located approximately 1 mm below the expected 
occlusal plane for the tooth. Moderate was described as 
occlusal surface approximately level with the contact point 
of one or both adjacent tooth surfaces. Severe was described 
as occlusal surfaces level with or below the interproximal 
gingival tissue of one or both adjacent tooth surfaces. 

Mobility test was performed by direct finger pressure 
and percussion sound was recorded after tapping the 
crown of the tooth vertically as well as horizontally with 
the handle of a probe by the first examiner to determine 
ankylosis.  

A therapeutic approach was chosen according to the 
patient’s age, occlusal status, development and condition 

of the infra-occluded teeth, lack of a permanent successor 
and extent of root resorption.

Results

56 infra-occluded teeth were detected in 21 patients 
(11 boys and 10 girls) whose mean age was 9.4± 0.8 years 
(Tab. 1). At the time of first examination, all the patients 
were in the mixed dentition stage. 18 patients had more 
than 1 infra-occluded tooth while 3 patients had 1 tooth 
in infraocclusion. 11 (19.7%) infra-occluded teeth were 
located in the upper jaw while 45 (80.3%) teeth were 
found in the lower jaw. 24 (42.9%) of the infra-occluded 
teeth were primary first molars and 32 (57.1%) of them 
were second molars. The degree of infraocclusion 
was considered as mild in 35 (62.5%), moderate in 15 
(26.8%) and severe in the remaining 6 (10.8%) teeth. 
Agenesis of premolars was diagnosed in 10 (17.9%) infra-
occluded teeth. Ankylosis was detected in 29 lower infra-
occluded molars after mobility and percussion tests, and 
radiographic examination.   

Table 1. Distribution of 56 infra-occluded primary molars by gender, degree of infraocclusion and location in 21 patients

Gender Number of 
teeth

Location Degree of infraocclusion Lack of  permanent

Girls   Boys Maxilla Mandible Mild Moderate Severe successor
Primary first

molar   3           5 24 2 22 16 7 1 -

Primary second
molar   7           6 32 9 23 19 8 5 10

Total 10          11 56 11 45 35 15 6 10

Out of 46 infra-occluded teeth which had permanent 
successors, 19 ankylosed teeth were extracted and 5 
space maintainers were fitted and remained in place until 
the eruption of the successors. 27 infra-occluded teeth 
were left undisturbed waiting for the normal exfoliation, 
but monitored every 6 months fulfilling their function 
as space maintainers. At the end of 2 years, 6 teeth were 
exfoliated and the permanent successors erupted with a 
mean period of 9 months later than on the normal, contra-
lateral side, and 10 teeth were extracted because of the 
root development of the successors. The remaining 11 
teeth were still being monitored every 6 months. After 
orthodontic evaluation of the occlusion, it was decided 
to allow the 10 infra-occluded ankylosed molars with 
agenesis to persist. Composite build-ups were placed to 
6 infra-occluded teeth with agenesis in order to restore 
the occlusion and interproximal contacts and waited for 
resorption. The degree of root resorption was unchanged 
or minimal in the infra-occluded teeth with agenesis at the 
end of 2 years. Migration of the neighbouring tooth was 

present in 62.5% of the cases, and the treatment outcome 
was favourable in 78% of the cases. 

For 2 patients who had severely infra-occluded teeth, 
extraction followed by orthodontic treatment was planned, 
but the patients refused the treatment and showed poor 
compliance to the follow-up examinations. After 2 years, 
they were recalled and their orthopantomographs were 
taken. In figure 1a, the patient was 9-year-old boy and his 
medical history was unremarkable. The patient had 2 infra-
occluded teeth, upper right primary first molar and lower 
left primary second molar with caries. It was decided 
to extract the infra-occluded teeth and an orthodontic 
treatment was planned, but he refused the extraction and 
failed to come to the follow-up examinations. After 2 
years, he was recalled and an orthopantomogram was 
taken, shown in figure 1b. The degree of root resorption 
was unaltered in both of the infra-occluded primary 
molars. The carious teeth had been restored in a private 
dental clinic. The infraocclusion had worsened in both the 
upper and lower regions and tipping of the neighbouring 
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teeth was diagnosed. The upper and lower primary incisors 
had exfoliated and the permanent incisors had erupted as 
well as the permanent first molars.

In figure 2, the patient was an 8-year-old girl and 
her medical history was unremarkable. The patient had 
referred to our clinic for her non-erupted permanent first 
central incisor. Her orthopantomogram and intraoral 
clinical examination showed a lower left second 
primary infra-occluded molar with the tipping of the 
permanent first molar and a malocclusion in the upper 
left region (Fig. 2a and b). In view of the severity of the 
infraocclusion and the malocclusions, an orthodontic 

treatment was considered with fixed appliance therapy. 
The patient refused the orthodontic treatment because of 
financial circumstances. After 2 years,  orthopantomogram 
and clinical examination revealed that the degree of root 
resorption of the infra-occluded tooth was unchanged 
although the root of the permanent successor has 
developed, but a resorption was observed at the distal 
root of the symmetrical primary second molar (Fig. 3a 
and b). The positions of the non-erupted upper permanent 
first central incisor, second premolar and first molar was 
unaltered and the remaining teeth in her mouth had a 
normal resorption and eruption.

Figure 1a: Orthopantomograph of a patient at the initial examination, 
showing severely infra-occluded molars

Figure 2a: Orthopantomograph of a patient at the initial examination, 
showing a severe infra-occluded primary molar. The left lower 

permanent first molar shows a severe mesial tipping

Figure 1b: Orthopantomograph of the same patient after 2 years, 
showing worsened infraocclusion. The infra-occluded teeth are 

more impacted with the tipping of the adjacent teeth, leading to a 
malocclusion in the permanent dentition

Figure 2b: The intraoral view of a patient showing the infra-occluded 
lower left second primary molar
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Discussion

The infraocclusion is a common eruption disturbance, 
which constitutes a major clinical problem1. It is reported 
that the prevalence of children with infra-occluded 
primary molars in the various population ranges from 
1.3% to 38.5%8,11. The prevalence could be changed due 
to the age of the children, ethnic differences, differences 
in number of remaining primary molars, and differences 
in the criteria used12. 

Infraocclusion is found from 3 years of age and 
prevalence of infraocclusion has been reported to reach 
a peak at ages from 6 to 11 years of age1. It is also 
mentioned that the variations in the age could possibly be 
related not only to genetic predisposition to infraocclusion 
but also to the inception of this condition and the 
exfoliation time the infra-occluded tooth3. The age range 
from 6 to 11 years is in the present study, too. 

Infraocclusion of primary molars is usually 
found not to be sex linked. However, a more frequent 
occurrence in girls than in boys has been reported in 
some studies1,2. No gender predominance was observed 
in our study. Most investigations have reported that the 
primary second molars were most commonly found in 
infraocclusion. However, it has recently been reported 
that the primary first molars were more often found in 
infraocclusion1,9,13. This difference is most probably due 
to the fact that mandibular primary first molars ankylose 
earlier, produce less infraocclusion and usually exfoliate 
on time, which means that they may go undetected. In 
contrast, mandibular primary second molars produce more 
severe infraocclusion and a slight delay in the eruption 
of their successors13. In children with more than 1 tooth 
affected, bilateral occurrence was reported to be more 
common1,5,12,14. The most frequently affected teeth were 

primary second lower molars (57.1%), as in a bilateral 
occurrence in our study.

The degree of infraocclusion can be from mild to 
severe. Depending on the degree of infraocclusion, the 
occlusion and the position of the tooth germ could be 
affected. Infra-occluded teeth could have a high potential 
to malocclusion. In the literature, complications of infra-
occluded primary molars were stated as tipping of the 
neighbouring teeth, loss of space, extreme eruption 
of the antagonist, posterior open bite and rotations in 
the successor teeth12,15. In the present study, tipping of 
neighbouring tooth was found to be the most frequent 
complication. 

Infraocclusion in children seemed to be associated 
with agenesis; the prevalence of missing successors 
underneath primary molars with infraocclusion varied 
from 5 to 67%1.  In the present study, the prevalence of 
missing successors was found as 17.9% of the total cases. 

When considering treatment options for the infra-
occluded primary molars, there is no general agreement16-18. 
It was reported that the most important influencing factor 
was the presence or absence of the permanent successor 
and when successor is absent, root resorption was slow 
and spontaneous exfoliation less likely16. In this study, the 
degree of root resorption was unchanged or minimal in the 
infra-occluded teeth with agenesis after 2 years. 

Teague et al19 reported that treatment depends upon 
the patient’s age, the condition of the primary molar, 
the patient’s preference, jaw relationship and occlusion. 
When the successor was present, the infra-occluded 
tooth could exfoliate normally. However, exfoliation was 
usually delayed by only 6 to 12 months compared with 
contra-lateral unaffected tooth and infra-occluded tooth 
should not be extracted solely to prevent an increase in 
infraocclusion1. Kurol and Koch20 compared extraction 
and non-extraction management of contra-lateral teeth in 
patient’s with bilateral infra-occluded primary molars and 

Figure 3a: Orthopantomograph of the same patient after 2 years, 
showing no resorption of the infra-occluded primary second molar roots, 

and no alterations at the left upper region with a severe malocclusion

Figure 3b: The intraoral view of the patient showing eruption of the 
lower left permanent canine and the first premolar
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found that there was no significant delay in exfoliation 
of non-extracted infra-occluded teeth. Mc Donald et al21 
suggested that if cooperation of patients was obtained, 
observation was the best approach. On the other hand, 
some authors recommended early tooth extraction for the 
treatment of infra-occluded teeth and treatment regimens 
could remain contraversial5. 

In the present study, therapeutic extraction was 
chosen in patients with several occlusal disturbances, risk 
of impaction of a permanent tooth or ankylosed teeth with 
significant delay in root resorption. We suggest that infra-
occluded primary molar should not be extracted before the 
time it should exfoliate if the successor is present, unless 
ankylosis was detected. Only when the resorption did 
not proceed normally and ankylosis was observed, then 
extraction should be considered. In case of agenesis, it 
was suggested that persistence of infra-occluded primary 
molars could serve as a semi-permanent solution for the 
patients.

Conclusion

It was revealed that, in the management of the 
infraocclusion, early diagnosis and correct treatment 
approach play significant roles in eliminating the dental 
problems, particularly malocclusion. Multidisciplinary 
treatment and periodic follow-ups could be suggested 
in order to prevent the complications of infra-occluded 
primary molars.
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SUMMARY
Background: Presence of the maxillary sinus and low bone density in 

this area often could create a problem for prosthetic rehabilitation with den-
tal implants. Sinus floor augmentation technique can successfully increase 
dimensions of the posterior maxilla for implant placement.

Objective: To assess quality of newly formed bone for implant insertion 
after augmentation of the floor of the maxillary sinus using Digora for Win-
dows computer programme. 

Materials and Methods: 30 patients with indications for sinus lift pro-
cedure were involved in this clinical study. Bone density was analysed by 
Digora for Windows computer programme.

Results: 16 patients completed this clinical study with preoperative and 
postoperative orthopantomographs. 

Conclusion: Cases with sufficient density and bone volume in the poste-
rior maxilla require sinus lift technique with adequate bone graft for implant 
insertion. This is confirmed by pre- and post-operative analysis of radio-
graphic images in Digora for Windows programme.
Key words: Posterior Maxilla; Sinus Lift; Computer Analysis
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Introduction

Contemporary prosthetic rehabilitation of the 
posterior maxilla, instead classic dental prostheses, 
comprises implant insertion and subsequent rehabilitation. 
However, implant placement in the posterior maxilla 
usually presents a challenging clinical situation. When 
planning implant restoration in this region, several 
parameters need to be considered: height and width of 
the alveolar ridge in the posterior maxilla, and bone 
density. Due to the presence of maxillary sinus and low 
bone density in this area, it is usually required to use 
shorter implants, which can result in the increased risk 
of failure5. Sufficient density and appropriate volume of 
bone are therefore crucial factors for successful implant 
treatment7,8.

The maxillary sinus floor augmentation technique has 
been extensively used in the last 20 years to successfully 
increase the dimensions of the posterior maxilla for 
implant placement3. This technique is based on elevation 
of the Schneiderian membrane from the floor of maxillary 
sinus and introduction of a bone graft or a bone substitute. 
In these cases, the residual height of the alveolar ridge was 
less than 8 mm14 .  Sinus lift was introduced by Boyne 
in the 1960s and it was soon more popularized9. This 
procedure is technically demanding and involves many 
factors that might affect implant survival, such as the type 
of graft used for augmentation, surgical technique and the 
type of implants4.

Since survival rates in the posterior maxilla are 
different from other sites/locations in the mouth, it 
would be interesting to analyse implant survival after 
sinus augmentation. The aim of this clinical study was to 
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assess quality of newly-formed bone for implant insertion 
after augmentation of the floor of maxilla sinus by using 
modern computer analysis programme.

Material and Methods

The study was carried out on a group of 30 
patients, of different age and gender, who required bone 
augmentation of the posterior maxilla and subsequent 
implant restoration. All surgical procedures were carried 
out in Dental/Medical Centre for Maxillofacial Surgery 
“Beograd-centar” in Belgrade, Serbia, under local 
anaesthesia. All patients had residual sinus floor of less 
than 8 mm high and low bone density. They had good oral 
hygiene, did not suffer from diabetes mellitus or other 
serious general diseases. 

In the period from 2006 to 2007, 30 sinus grafting 
operations were performed. The sinus lift was carried out 
using 1 of the familiar techniques depending on clinical 
condition. Duration of rehabilitation between the sinus 
lift procedure and implant placement was 6 months. The 
particulate bovine bone Bio-Oss® was used for the sinus 
floor augmentation in majority of cases, as well as an 
autogenous bone graft from the mandible (symphysis, 
retromolar region) in cases of severe pneumatization. The 
type of implants used in the second stage procedure were 
Branemark, Straumann, and Replace Select Tappered 
according to the thickness of the bone and patient 
preferences.

Quality of newly formed bone (bone density) and 
implant stability was evaluated on the basis of computer 
programme Digora for Windows (Soredex Finland). 
Preoperative and postoperative analysis of height of the 
sinus floor was also performed in Digora for Windows 
programme. Figure 1 shows ortthopantomography (OPG) 
in Digora, started for analysis. To perform more precise 
computer interpretation of height of maxillary sinus 
line, a calibrate method was used. Figures 2 and 3 show 
analysis of height of the posterior maxilla in Digora, pre- 
and postoperatively. In Digora for Windows programme, 
the height of the posterior maxilla can be obtained 
automatically choosing the part of the posterior maxilla 
for height analysis (vertical line) with cursor (principle is 
the same on pre- and postoperative X-rays).

Figures 4 and 5 show analysis of bone density pre- 
and postoperatively in Digora. Principle of bone density 
assessing in Digora for Windows programme can be 
obtained automatically as well by using cursor. Length for 
assessing bone density preoperatively was preformed in 
side of rectangle in bone zone planned for augmentation 
and subsequent implant insertion. The same principle 
was used on postoperative X-rays in the zone where bone 
augmentation was performed.

Figure 1. OPG X ray in Digora started for analysis

Figure 2. Analysis in Digora preoperatively postoperatively

Figure 3. Analysis in Digora after augmentation

Figure 4. Analysis in Digora of bone density bone preoperatively 



Balk J Stom, Vol 12, 2008 Implant Insertion into Augmented Maxillary Bone  145

Results

16 patients completed the study with preoperative and 
postoperative OPGs, what was the requirement for analysis 
of bone height (the distance between the sinus floor and the 
top of the alveolar ridge) and bone density. Preoperative 
mean-value of bone height was 7.03 mm and 15.82 
mm after augmentation. Preoperative and postoperative 
values of the bone density in the posterior maxilla in the 
region of the maxillary sinus floor were of 50.80 and 114 
respectively. These findings significantly improved bone 
conditions for implant placement.

According to the highest level of bone density in 
peri-implant region of 177.50 and clinical observation, all 
implants were stable in the second-stage surgery. Figure 5. Analysis in Digora of density postoperatively

Figure 6. Posterior maxilla before and after augmentation

Figure 6. Posterior maxilla before and after augmentation

Analysis in Digora showed no differences between 
bone density of xenotransplants and autotransplants. 
Figures 6 and 7 show OPGs before and after augmentation 
of the posterior maxilla, with obvious effect.

Discussion 

Dental implants have reached a high level of 
reliability and a considerable rate of success1. Best results 

are found in voluminous and highly mineralized bone. 
In the region of the posterior maxilla, bone is largely 
cancellous with low level of mineralization11. Its height 
is usually limited by the extended maxillary sinus. But, 
the amount of residual alveolar bone height is often cited 
as an important prognostic factor for the success of sinus 
augmentation procedure9.

During the study, main parameters for analysis of the 
posterior maxilla were the height of the residual alveolar 
bone and bone density. Preoperative results during Digora 
analysis of height (mean-value 7.03 mm) and bone density 
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(50.80) have revealed poor bone quality, and doubtful 
osseointegration of the placed implant in the future. This 
anatomical handicap could be resolved with a sinus floor 
augmentation procedure9. 

Postoperative results of the bone height after bone 
graft procedure (mean-value of 15.82 mm) and bone 
density after 6 months (middle value 114) were confirmed 
by successful implant survival. Implant failure is more 
common with implants placed in bones of low density 
than in bones of high density7,8. Analysis of implant 
stability in Digora programme after few months showed 
satisfactory bone density (of mean-value 177.50), which 
is an important factor for implant osseointegration in the 
newly formed bone, which means close apposition of bone 
to the implant surface, “contact osseogenesis”2.

In this study, a xenograft Bio-Oss® was applied for 
augmentation. In cases with defect of the buccal cortex 
of the maxilla, autogenous bone grafts from the mandible 
(symphysis, retromolar region) were applied to achieve 
highly predictable bone augmentation6,12. It would be  
interesting to predict what will happen with these implants 
in the future. However, that would imply a long-term 
follow-up findings of another clinical study.
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SUMMARY
Osteoporosis causes micro-degradations and jaw-bone reduction. Initial 

positive turnover and bone recover should make hasten by local medication 
of osteoporotic jaws. The aim of this study was to present improvement of jaw 
pattern by local application of calcitonin and calcium throughout prosthetic 
treatment of selected osteoporotic patients. Patients undergoing study were 
osteoporotic and toothless (9 males and 27 females), with no malignancy. 
Non-osteoporotic complete denture wearers, 7 men and 7 women were con-
trols. DPX-L (Lunar) was used in detection of skeletal degradations. Pano-
ramic radiographs (Orthopantomograph 10, Siemens) and digital densito-
meter DT II 05 (England) were used in the analysis of bone density. T-results 
indicated systemic osteoporosis.

After application of calcium and calcitonin in solutions, moderate 
increase of density (p<0.05) was verified, compensating up to 3% of total 
mandibular loss. The second section of results was restorative effect of pros-
thetic treatment of osteoporotic patients. In this study, osteoporosis affected 
women patients earlier than men.

Regardless the necessity of careful selecting of patients for this kind of 
treatment, calcitonin and calcium in solutions should be considered as the 
priority of local therapy in osteoporotic toothless patients, providing positive 
bone remodelling, as well as success at the second level of therapy - posi-
tioning of dentures. 
Keywords: Jaw; Osteoporosis; Calcitonin; Bone Remodelling
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Introduction

Osteoporosis is the most common type of bone disease 
over the lifetime, affecting human bones indiscriminately 
and haphazardly. A variety of micro-structural osteoporotic 
degradations and macroscopic resorption of oral bones 
was very well evidenced3,4,6,7,10-12,14,17. Moreover, it was 
reported that osteoporosis of human oral bones damaged 
not only bone support of remaining teeth, but induced 
reductions of denture retention and stability, too17. Analysis 
of bone layer’s appearance on panoramic radiographs is the 
valuable method of assessing bone changes in any of bone 
turnovers1,3,7,14,20.

Diet and nutritional factors are of extreme significance 
for prevention of osteoporosis, but minor results should 
be expected regarding initiation of positive remodelling 
of fragile osteoporotic bone8,10. Considering assorted 
literature data on multiple drug therapy and possibilities of 

systemic medication, it could be of particular importance 
to focus dependable medical oral treatment approaches 
in osteoporotic affections4,16,17,19. Calcitonin accelerates 
influx of calcium, improving bone density and mineral 
content of bone, either in local, or systemic level7-9,10,14. 
This positive remodelling of osteoporotic bones could 
be finally reached in mandibular bone, as well as in 
other human bones2,5,7-9,15-19. The aim of this study is to 
present improvement of mandibular-bone pattern by local 
application of calcitonin and calcium throughout prosthetic 
treatment of selected osteoporotic patients.

Material and Method

The experimental group comprised 9 men (aged 
64-90; mean age 87 years), and 29 women (aged 56-81; 
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mean age 58 years), edentulous and osteoporotic, with no 
malignant diseases (Fig. 1). 7 toothless men and 7 toothless 
women patients were controls (Fig. 2). Patients were 
selected concerning dental-oral history, questionnaire (age, 
probable treatments of osteoporosis in the past, history of 
fractures, menopausal periods, calcium and microelements 
of plasma-blood, additional Pyrilinx-D and Prolagen-C 
tests), oral examination (bone consistency and resorptions) 
and skeletal density. 3 women from the experimental 
group (on estrogens) and 3 osteoporotic men patients were 
on systemic therapy of osteoporosis after hospitalization. 
DPX-L analysis (Lunar, U.S.A.) and T-results of patients 
were provided.

Figure 1. Oral status of osteoporotic patient of the experimental group 
before treatment

Figure 3. Panoramic radiograph of osteoporotic jaws of the patient of 
the experimental group

Figure 4. Grid positioned onto regions of particular interest of the 
osteoporotic mandible of the patient of the experimental group, prior to 

densitometric assessment

Figure 5. Determined regions of interest - Pr, M1r, M2r, Pl, M1l,M2l

Figure 6. Local application of anaesthetic on mucosal surface before 
injecting medicament – solution of calcitonin with calcium

Figure 2. Non-resorbed jaw of the patient of the control group

Panoramic radiographs of each patient (Orthopantomo-
graph 10; serial no. 01492; Siemens, Germany),  focused 
osteoporotic remodelling of jaws (Figs. 3-5).

Calcitonin (Miacalcic, Novartis, Switzerland; 
Calcitonin Huber, Galenika AD, Serbia), and calcium 
gluconate (Sterop, Brussles, Belgium), or calcium 
glubionat (Calcium-Sandoz amp., Switzerland) were used 
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The results of medication of supporting bone tissues 
primarily affected by osteoporosis were favourable in 
this study. Increase of density of mandibular segments 
after the therapy was significant, particularly for Pr and 
Pl segments (p < 0.01). Following application of calcium 
and calcitonin in solutions, moderate increase of jaw-bone 
density was observed (p < 0.05), compensating up to 3% 
of total mandibular-bone loss (Tabs. 1 – 3). 

The second section of results were restorative 
effects of oral-prosthodontic treatment of the selected 
osteoporotic patients. Edentulous osteoporotic patients 
were rehabilitated in the observation period (Fig. 9). 

locally to improve bone pattern in osteoporotic patients. 
Up to 1.5 ml of calcitonin and calcium solution (1:2) was 
injected submucously onto mandibular bone surfaces 
(Figs. 6-8). Complete dentures were fabricated for each of 
the patient of the experimental group (Fig. 9). 

Digital densitometer DT II 05 (England, UK) was 
used in the analysis of mandibular segments’ bone density 
at panoramic radiographs after the therapy (Fig. 10)10,15. 

Results

T results indicated systemic osteoporosis. The 
numerical values of T result ranged from -2.4 to -2.6 for 
male patients, and -2.5 to -2.6 for female patients.

Figure 7. Submucous injection of therapeutic solution of calcitonin and 
ion calcium onto  buccal bone surface of osteoporotic mandible of the 

patient of the experimental group

Figure 10. Panoramic radiograph of the patient after local increase of 
density of the edentulous mandible

Figure 8. Injection of therapeutic solution of calcitonin and calcium to 
the right side of the buccal mandibular osteoporotic surface

Figure 9. Complete dentures restored all of the supporting tissues and 
occlusion - dentures in the mouth , after necessary increments of bone 

density of the lower jaw
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Table 1. Increase of mandibular density of the experimental 
group and bone pattern improve

Table 3. Percentage of increase of density within mandibular segments uring 7 week interval of application of solution of calitonin 
and calcium

Mandibular segments
considered

Percentage of
increase of density

Pr 0.8% ± 0.8

Pl 0.85% ± 0.6

M1r 0.84% ± 0.1

M1l 0.83% ± 0.2

M2r 0.84% ± 0.4

M2l 0.84% ± 0.3 Pr+Pl+M1r+M1l +M2r+M2l ≅ 3% 

Table 2. Statistical significance and differences of numerical 
values of mandibular density between the control and the 

experimental group

 Differences of numerical
 values of optical density
Segment regarding the baseline of the 
 control group and the baseline of 
 experimental group

Pr P < 0.01

Pl P < 0.01

M1r P < 0.05

M1l P < 0.05

M2r P < 0.05

M2l P < 0.05

-2.6

-2.4

-2.2

-2.0

-1.8

-1.6

baseline 9th months later

Prs
Pls
M1rs
M1ls
M2rs
M2ls

Discussion

In dental literature there were few reports on the 
treatment and local medication of jaw-bones. Based 
on certain medical studies and monographs, there 
were 2 major approaches to the treatment. The first 
treatment approach has been related to application of 
bisfosfonates4,7,10,17-19. The second approach considered 
calcitonin as the primary accelerator of calcium’s influx to 
the bone4,10,17-19. Additionally, there were considerations of 
application of calcitonin, as well as bisfosfonates, locally 
to jaw-bones and denture-supporting areas2,5,7,9,10,15,16. 
Considering various facts on bisfosfonates - studies were 
mainly conducted on patients undergoing systemic therapy 
with bisfosfonates, and there is only a few of studies on 
application of bisfosfonates on the local (oral) level, 

as well as the fact that certain interruptions of immune 
response were described as possible complication of the 
extended bisfosfonate usage - it seemed reasonable to 
apply calcitonin and calcium in solutions locally, in vivo, 
to osteoporotic jaws2,4,5,18,19. The effects of treatment 
is difficult to compare to different calcitonin effects as 
they were acquired in experimental animals, but not in 
humans9,10,15,16. 

Calcitonin was described as the substance strongly 
regulating influx of calcium4. Calcium influx should 
have been provided by mobilization of “free” calcium 
ion from blood plasma, as well as by exchanging calcium 
ion of the medicament (calcium gluconate or calcium 
glubionas)4,10. Respecting specificity of blood flow to 
the human mandible, and the fact that mandible usually 
is not supplied by plenty of blood, it seemed reasonable 
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to assume that calcium ions from blood vessels do not 
provide a needed intensity of calcium influx towards 
osteoporotic degradations7,11. Furthermore, additional 
sources of calcium ion, directed towards credible local 
storage near enough to the mandible bone, should have 
beneficial effect.

There is no enough evidence in dental literature on 
local application of calcitonin and calcium into hard 
oral tissues. Because of that, it should be not possible to 
compare the results of the present study with results of 
credible studies regarding the percentage of calcium and 
calcitonin in train solution7,9,10,15. Moreover, in this 
point of view, it should not be possible to adjoin if the 
increment of concentration of calcium has to be applied 
to the surface of edentulous ridge, or the concentration 
of calcium in solution has to be ultimately changed (or 
decreased) in cases of persistence of roots of the remaining 
teeth.

Certainly, on the basis of the results of this study, it 
may be stated that calcitonin in calcium solution should 
have been applied to edentulous ridge prior to positioning 
of the denture onto supporting tissues, that is delivery of 
prosthesis. More precisely, it should be injected towards 
bone support in the initial steps of denture fabrication, i.e. 
taking preliminary impression, and previous to functional 
impression, or even in the procedure of determining jaw 
relations with occlusal rims.

Calcitonin and calcium liquid is not a „supernatural 
drop“ for instant recover of osteoporotic bone layers. 
However, careful selection of patients, as well as repeated 
application of calcitonin and calcium in solutions to bone 
layers, may significantly improve oral bone condition 
and ability to accept prosthetic restoration on denture-
supporting areas.

The local application of calcitonin with calcium 
could be repeated, if necessary. However, there must be 
the necessity of careful selecting the patients, because of 
the fact that application of calcium should not be indicated 
for patients with heart disease, kidney disease or serious 
blood problems. Also, patients with malignant diseases 
must not be included in the local therapy of osteoporotic 
oral bones. In spite of the limitations, local application of 
calcitonin and calcium should be the absolute prerequisite 
of organizing positive bone remodelling and turnover 
of segments of jaws. Thus, these segments should be 
prepared for better acceptance of denture surface.

Edentulous osteoporotic mandibular bone should 
ultimately be the first of oral bones for application of 
calcitonin-ion calcium solution. Additionally, respecting 
levels of the concentration of the applied calcium ion, 
the osteoporotic maxillary bone could be treated with the 
solution of the same kind, in the prolonged period of time.

It seems that osteoporosis of the mandible affects 
women earlier than men. Also, osteoporosis was more 
frequent in women. Usage of calcitonin and calcium in 
solutions for osteoporotic toothless patients should be 

considered as the priority of local oral treatment. In spite 
of the limited value of local application, calcitonin and 
calcium should be the absolute prerequisite for organizing 
positive bone remodelling and turnover of segments 
of jaws which should be, this way, prepared for better 
acceptance of denture surface. Regardless the absence of 
macroscopic evidence of bone tissue regeneration, local 
application of calcitonin with calcium could be crucial for 
the success at the first level of the treatment (turnover and 
positive bone remodelling), as well as for the second level 
of treatment (fabrication and positioning of dentures). 
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SUMMARY
Objective: The purpose of this study was to evaluate the surface rough-

ness of posterior condensable composites.
Methods: Posterior condensable composites, Alert (Jeneric/Pentron) 

and Surefil (Dentsply), and hybrid composite Z100 (3M), were used in this 
study. The study material was placed into, and hardened in cavities. After 
the finishing and polishing procedures were completed, specimens were ran-
domly separated into 3 groups. While the surface roughness values of the 
first group of specimens were determined with a profilometer, the surfaces 
of the second group were evaluated using SEM; Vickers micro-hardness 
mea sures were applied to the third group of specimens. Data were analyzed 
using Kruskal-Wallis and Mann-Whitney U tests.

Results: All 3 groups were found to be different mutually (p<0.05). The 
surface roughness of condensable posterior composites was greater than that 
of hybrid composite resins (p<0.05). A direct correlation was found between 
the micro-hardness value and the surface roughness value, indicating that 
a composite with higher hardness value yielded a higher roughness value 
(r=0.738). SEM images support the statistical evaluation.
Keywords: Posterior Condensable Composites; Surface Roughness; Micro-hardness 
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Introduction

Resin based composite restorations are being used 
as aesthetic material in restorative dental medicine for the 
past 30 years. Since they were first manufactured in 1960 
by Rafael Bowen, until today they have been constantly 
improved. The usage of resin based composite materials 
in posterior teeth as an alternative to amalgam, over the 
past few years, has presented a number of problems when 
used in class II and III cavities, such as placement in the 
cavity1-3. These problems have made the development 
of composites that are more suitable for the posterior 
teeth necessary2,4. Due to their physical and chemical 
properties, posterior condensable composites have been 
developed for various cavities in the posterior region. The 
matrices and organic and inorganic structures composing 
these composite materials have been changed5-8. Another 
concern in the clinical use of resin-based composite 
restorative materials is their ability to withstand occlusive 
forces and stresses of the oral environment, particularly in 
posterior situations1,3.

The surface smoothness of restoration material used 
orally, is important in providing a plaque-free environment 
and insuring wear resistance9,10. Many composites form 
a rough and dull surface because finishing and polishing 
procedures are not well done11-16. This problem arises 
from the difference between the micro-hardness of the 
polymeric matrix and the inorganic components that make 
up the composite material12,14,15,17. Size of the fillers which 
compose the inorganic component and their dispersion 
within the matrix are different. Therefore their abilities 
for polishing are also different18. In this study, the surface 
roughness of posterior condensable composites, which 
have been produced over the last few years, was evaluated 
using a profilometer and scanning electron microscope 
(SEM) and compared with surface roughness of a hybrid 
composite. In addition to this, in order to understand the 
relationship between the micro-hardness and surface 
roughness of posterior condensable composites and 
hybrid composites, their micro-hardness values were also 
determined and compared.
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Material and Methods

A total of 3 resin-based composites, 2 posterior 
condensable and 1 hybrid composite, were used in the 
study. The names, batch numbers and manufacturers of 
these products are shown in table 1.

Table 1. Composites used in the study

Product Batch number Manufacturer

Alert N15CB Jeneric Pentron, Wallingford, 
CT, USA

Surefill 9812000106 Dentsply, Weybridge,Surrey

Z 100 3 M. St. Paul, MN, USA

Acryl blocks with 6 mm wide and 2 mm deep cavities 
were prepared. The composites were placed into these 
cavities following the manufacturer’s recommendations, 
a transparent strip band (Du Pont Co, Wilmington, Del) 
was placed on top and they were pressed down with glass. 
After the glass plate was removed, they were irradiated for 
40 seconds under visible light (Cavex clearlicht HL 500, 
Cavex Holland BL). The specimens were then immersed 
in distilled water for 1 week and incubated at 37°C. At the 
end of this period, finishing and polishing procedures were 
completed for all of the specimens. As surfaces of all the 
specimens would be appropriate for clinical settings, they 
were processed under water with a flame-shaped diamond 
mill without applying pressure. This procedure took 15 
seconds.

One type of polishing system was used in this 
study. (Hawe Neos Dental, Dr. HV Weisserfluh Ltd, 
Switzerland)19. In this system, coarse (white), medium 
(blue), fine (yellow), and X-fine (pink) polishing disks 
were applied under water (according to the manufacturer’s 
recommendation), starting from course to fine, for 15 
seconds each, with a 30000 rpm rotating tool. After 
each successive change in abrasive, the specimens were 
rinsed thoroughly to remove all debris from the previous 
abrasive. Then white rubber was applied for 15 seconds, 
and the last step of the polishing procedure was completed 
using a rubber cup (Crescent Dental Mfg Co, Lyons III) 
and luster paste (Sybron/Kerr, Romulus, Mic.).

During the polishing of each specimen, care was 
taken to apply the same amount of pressure in the same 
direction. All finishing and polishing procedures were 
done by the same investigator on the same day to reduce 
variability.

From each group of study material for which the 
finishing and polishing procedures were completed, 15 
specimens were randomly picked for the surface roughness 
measurements and SEM analysis, and 10 specimens were 
randomly picked for micro-hardness measurements.

Surface Roughness Measurement
Surface roughness (Ra-value or arithmetic average 

roughness) was determined using a Mahr Concept 
perthometer tool (Perthen Mahri Germany) with a 
0.2μm tip radius and wave length ± 250 that can take 
measurements within a 3.00 mm2 area. The average was 
taken of 5 Ra-values taken from each specimen.

SEM Analysis
Specimens with the finishing and polishing 

procedures completed were prepared to be examined under 
SEM (Joel JSM 5200, Tokyo, Japan). Specimens were 
plated with 200 Ao gold. Scanning Electron Micrographs 
made at original magnifications of x100 and x500 were 
evaluated and compared for surface texture and roughness. 
The samples were tilted and examined at a 10° angle.

Surface Micro-hardness Measurement
10 samples randomly selected from each study 

material with the finishing and polishing procedures 
completed were used to perform micro-hardness 
measurements. The vickers M41 Photoplan Microscope 
with micro-hardness attachment (Vickers Instruments, 
York, UK), which is a pneumatically loaded micro-
hardness tester, was used to measure the surface hardness. 
This test involves applying a 136° diamond pyramid 
shaped indenter into the surface of the material being 
tested, and measuring the diagonals of the indentation 
produced. 10 readings were taken at different locations on 
the surface of the specimen. The lengths of the diagonals 
of the indentation were measured and then averaged. Using 
this value, VHN was obtained from 100 g Vickers Hardness 
Scale. This procedure was repeated for all specimens.

The results obtained by using the above tests for 
the ability of polishing of the 3 types of resin based 
composite restorations used were statistically evaluated 
by Kruskal-Wallis and Mann-Whitney tests. The presence 
of a correlation between the surface roughness and micro-
hardness values was also evaluated.

Results

The surface roughness values (Ra-values), 
arithmetic means, standard deviation and median values 
of the resin based composite materials used in this 
study are as shown in table 2. According to the Kruskal-
Wallis test, the difference between all the study groups 
in respect to surface roughness values was found to be 
significant (p< 0.05).

When the surface roughness values were analyzed 
according to the Mann-Whitney test, 3 different resin-
based composite resins were found to be different from 
each other. The obtained results are as summarized in 
table 3.
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Table 2. Surface roughness (Ra-value) in μm of composites used 
in this study

Product Mean SD Median

Alert 0.3150 5.720E-02 0.2950

Surefill 0.2010 2.283E-02 0.1950

Z 100 0.1720 1.229E-02 0.1700

Table 3. Composites compared in respect to their surface 
roughness (Mann-Whitney test)

Alert Surefill Z 100

Alert - 0.000* 0.000*

Surefill - - 0.000*

Z 100 - - -

* - significant (p<0.05)

The surface profile tracings obtained from resin 
based composites are as shown in figure 1. The SEM 
analysis was generally coherent with the profilometric 
data. Particles broke off from the surface of the first group 
of posterior condensable composites had the highest 
surface roughness values. The surface compactness of 
this group could be observed under x500 magnification. 
Stick and spherical particles were observed to be exposed 
from the surface (Fig. 2). In the second group of posterior 
condensable composites parallel to the surface roughness 
data, a more homogeneous surface can be observed 
with rarely a few particles sticking out of place. There 
are scratches and striations on the surface (Fig. 3). The 
smoothest surface among all study groups was observed 
in the hybrid composites, which make up the third group. 
Composite filler structure was observed. In addition to 
this, the surface was well polishable (Fig. 4).

Figure 1. Surface profile tracing of composites finished and polished
(A - Alert; B - Surefill; C - Z 100)

Figure 2. Scanning electron micrographs depicting surface profiles of 
Alert (magnification: A - x100; B - x500)

Figure 3. Scanning electron micrographs depicting surface profiles of 
Surefill (magnification: A – x100; B - x500)

A

A

B

B

C

A

B
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Discussion

Among the 3 different resin-based composite 
materials, finished and polished in the same manner and 
conditions, the condensable posterior composites in which 
the filler structure and proportions were changed for usage 
in posterior situations were found to have, unlike hybrid 
composites, a rougher surface. The SEM images of the 
specimens are supported by profilometric measurements. 
The roughness values were in this order: Alert; Surefil; Z 
100. In fact, the particles of Alert and Surefil condensable 
posterior composites have broken off from the surface 
during the finishing and polishing procedures structure 
(Figs. 2 and 3). The scratches formed during the finishing 
procedure have not been eliminated by the polishing 
procedure. On the other hand, with the hybrid composite, 
to which the same finishing and polishing procedures 
were applied, a reasonably smooth surface was obtained 
during the polishing procedure (Fig. 4). Although the 
condensable posterior composites were found to have 

Micro-hardness values are as shown in table 4. 
The difference between all 3 groups in respect to micro-
hardness was significant according to the Kruskal Wallis 
test (p<0.05). The results obtained when study materials 
were compared according to the Mann-Whitney test in 
respect to their micro-hardness values are shown in table 5.

Table 4. Micro-hardness (VHN) of composites used in this study

Product Mean SD Median

Alert 127.24 37.62 114.42

Surefill 87.34 17.47 82.70

Z 100 68.16 10.74 65.35

Table 5. Composites compared in respect to their micro-hardness 
(Mann-Whitney test)

Alert Surefill Z 100

Alert - 0.004* 0.000*

Surefill - - 0.005*

Z 100 - - -

* - significant (p<0.05)

When the presence of a correlation between micro-
hardness and surface roughness of resin based composites 
used in the study was evaluated, roughness was observed 
to increase as micro-hardness increases in all of the 
groups; correlation coefficient was found to be r=0.73 
with p=0.000 (Fig. 5).

Figure 5. Correlation graph depicts hardness value and surface 
roughness value

Figure 4. Scanning electron micrograph depicting surface profiles of  
Z 100 (magnification x100)

a different surface roughness than the hybrid composite, 
the two condensable posterior composites used in the 
study were also different from each other. Alert, which has 
sticks, 60-80 μm long and 6 μm in diameter and particles 
of various cross sections in its structure, had a rougher 
surface than Surefil that has particles of various cross 
sections and sizes in its structure. The Vickers micro-
hardness measurements, profilometric measurements and 
SEM images of the specimens, were on the same line. The 
composite material with the highest surface roughness 
value, that does not have a homogenous surface observed 
in the SEM images, also had the highest VFN values.

Studies have been conducted on physical properties 
of condensable posterior composites developed over the 
past few years for use in class II and III cavities, as a form 
of composite material used as an alternative to amalgam 
in posterior teeth. In these studies physical properties in 
question are reported to be no better than those of hybrid 
composites. In addition to this, it is reported that filler 
proportion has been increased to increase viscosity in 
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these composites, and this is reported to cause an increase 
in porosity5-7. In condensable posterior composites the 
particle surfaces are made rough to make placement 
in cavity easier. This causes an increase in surface 
roughness4-7,20. As the 2 types of condensable posterior 
composites used in this study have higher micro-harness 
values than the conventional hybrid composite, their 
surface roughness values are also greater. The American 
Dental Association (ADA) Council Dental Materials 
considered composites containing filler particles size 
up to 5 μm as “polishable” composites10,21. Sizes of the 
condensable composites used in this study were much 
bigger and this clearly exposes the problem in their ability 
for polishing.

Conclusions

Posterior condensable composites with large 
filler particles produce a significantly higher surface 
roughness values than those with small filler particles. 
Statistical correlation was observed between the micro-
hardness value (VHN) and surface roughness value. 
Composites with a higher micro-hardness value produce a 
correspondingly higher roughness value (r).

SEM study indicated that there are scratches and 
exposed filler particles on the surface of posterior 
condensable composites, whereas the surface of the hybrid 
composite is fairly smooth and homogeneous. In order 
to benefit from the obtained properties of condensable 
posterior composites and to correct their surface 
roughness, a layer which has better polishable properties 
should be formed on the surfaces of these restorations.
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SUMMARY
Background: The treatment of complications of the tooth pulp 

inflamma tion, such as periapical lesions, has been very important for denti-
stry, especially endodontics. Healing of periapical lesion can allow continua-
tion of mastication and aesthetic functions of the tooth, depending from the 
quality of treatment and the level of fillings of pulp canals.

Material and Method: 80 cases in 70 subjects (33 males and 47 
females), aged 20-55, which has been treated for periapical complications 
and the fillings „beyond apex“ were evaluated. The situation of teeth with 
this diagnosis was evaluated clinically and radiographically during 1997-
2003, being controlled directly after filling until 6 years after treatment.

Results: The treated patients with this diagnosis (most of them in 1 sin-
gle visit), with additional antibiotic treatment, showed a long term success, 
clinically and radiographically, in case of “beyond apex” fillings (in 86% of 
the cases).

Conclusion: A manifold control indicated that teeth filled “beyond 
apex” keep their aesthetic and functional value, and are valid as posts for 
prosthetic restorations.
Keywords: Chronic Periodontitis
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Introduction

The treatment of complications of the tooth pulp 
inflammation, such as periapical lesions, has been very 
important for dentistry, especially endodontics2,3. In our 
opinion, this matter will persist as long as caries and its 
consequences exist. 

In respect of complications of the tooth pulp 
inflammation, it should be remembered that periapical 
infections are considered risk factors for health3,4. On the 
other hand, if these infections could heal, it could allow 
that particular teeth retain their mastication and aesthetic 
functions, and included into prosthetic planning. This will 
depend on the quality of treatment and the level of filling 
of pulp canals3,4,18. 

The aim of this study was to evaluate, clinically 
and radiographically, the local periapical area of cases 
in which the used medication, even involuntarily, went 
“beyond apex”. The questions were: is there, clinically 
and radiographically, any problem in the successive years, 

and could this tooth be functional and serve as post for 
prosthetic needs?

Material and Method

In this trial, 80 cases (70 subjects) among 100 
of cases with pulpits (period of time 1997-2005), 
were analyzed. Including criteria were the presence 
of periodontitis and filling “beyond apex”; excluding 
criterion was the presence of periodontal abscess. 33 
subjects were male (aged 22-55), and 47 were female 
(aged 20-45). Among the treated teeth, there were more 
multi-radicular teeth (50 cases) than mono-radicular (30 
cases). Diagnostically, chronic periodontitis (associated 
with non-vital tooth) was revealed in 80 cases (34 multi-
radicular, 30 mono-radicular), and in 16 cases a diffuse 
granulomatous periodontitis was found. 

After preceded clinical and radiographic evaluation, 
the root was treated according to principles of step back/



step down technique until its apex under a radiographic 
control. The next step was an abundant but careful rinsing 
with solutions of H2O2 (3%) or sodium hypochlorite (5%), 
sterile drying, followed by a ZnO-Thymol-Eugenol or 
Endomethason, Eugenol-Thymol mummy filling; gutta-
percha points were then added until lateral condensation 
(under instrument-guided radiographic monitoring). 
Finally, the treatment of the tooth coronal part followed.

Antibiotics were prescribed to all patients, comprising 
administration of 3 g. of amoxicillin or 2 g. of tetracycline 
in the single dose at the precedent day. When a periodontal 
reaction, as a consequence of treatment, occurred (pain 
or moderate oedema), the administration of antibiotics 
followed for 3 consecutive days (2 g. per day). Particular 
attention was paid to the occlusion. In cases with pulp 
secretion during treatment, the visit took additional 

time. However, in more than 85% of cases the treatment 
required only one visit. 

The successive clinical and radiographic controls 
followed in a week (if periodontal reaction occurred), a 
month, 3-12 months, and later (3-8 years).

Results

Long term positive effects (in our case appreciatively 
in 86% of cases), or low rate of complications, indicated 
correct treatment of root canals, because in their 
mechanical treatment consists the basis for the success 
of one-visit treatment. In figures 1-7, several examples of 
successful periapical treatment are shown.

Figure 1. Patient IL, male, aged 44   a) Chronic periodontitis of the tooth 46, exacerbation immediately after treatment;
b) The same tooth, 16 months later;   c) The same tooth after 8 years - recovered, unabsorbed filling

Figure 2. Patient OD, female, aged 24   a) Pain and oedema immediately after treatment of the tooth 36 with perforation of the mesial root; 
b) The same tooth after 1 year - without clinical symptoms, obturated perforation, absorbed filling;   

c) The same tooth after 3 years - recovered, absorption of overfilled material

Figure 3. Patient EL, female, aged 29    a) Chronic periodontitis, exacerbated of the teeth 46 and 47;
b) Immediately after treatment (46), during the treatment (47);

c) The same teeth 4 years later - recovered

a

a

b

b

c

c

a b c
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Figure 4. Patient HR, male, aged 47    a) Abscess immediately after treatment of the tooth 21;
b) The same tooth 1 year later;   c) The same tooth after 8 years - no complains, partially unabsorbed mum, new bone trabeculae

Figure 5. Patient LZ, male, aged 28   a) Pain and oedema during treatment of the tooth 45;   b) Filling of the tooth;
c) The same tooth 6 months later - reduced periapical radiolucency, new bone trabeculae

Figure 6. Patient PM, male, aged 18   a) Teeth 11 and 21 prior to the treatment;   b) The same teeth immediately after treatment;
c) The same teeth 14 years later, reconstructed with pins and resin-crowns, recovered. Total absorption of the extruding material

Figure 7. Patient DZ, female, aged 37   a) Chronic periodontitis of the tooth 36, tender to percussion, with spontaneous pain, immediately after 
treatment;   b) The same tooth 3 years later;   c) The same tooth 4 years after treatment - recovered

a b c

a b c

a b c

a b c
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Discussion
 
In this trial we aimed to evaluate the long term 

success in cases of filling “beyond apex”, with respect 
to function, clinical symptoms, radiographic finding and 
possible use as posts for prosthetic appliances. It is usually 
accepted that the success of root canal filling depends on 
many factors, such as the cleaning and the treatment of 
root canal, its sterilization, hermetical filling that isolate 
foci from the canal, as well as immunological reactivity 
of the subject (age, general health situation, etc)1,4,8,10,12,21. 
In this respect, the rate of clinical-radiographic, as well 
as histological success, depend on the level of root canal 
filling18, which is in accordance with the Ketterl diagram 
(Fig. 8). However, with respect to histological aspects, the 
treatment of inflamed pulp can not assure a total periapical 
recovery and a required periodontal obturation2,3,18,20. Our 
findings confirm the opinion shared by many worldwide 
prominent authors.

Meanwhile, the filling “beyond apex” is used 
recently4,20. In the 30s of previous century, soft mums 
consisting of iodoform were used, later on mums 
consisting mild phenols, and hard cement mums during 
50s-60s years20. Independently to the success, for a period 
of time they were abandoned because of focal infection 
theory, but in the next time endodontic inflammation 
was therapeutically treated based on the new knowledge 
regarding root canals, and new techniques of root canal 
treatment (step back or step down technique), and root 
canal filling (lateral or apical condensation)2,3,5,7,10-

12,18,20,21.
In cases presented here, significant differences 

between ZnO-Eugenol-Thymol and Endomethason-
Eugenol mums were not established4,6,9,11-13,15-17,19,20,22. 
The recovery of periapical defect began on the first 
month and finished in the interval between 8th and 12th 
month after the treatment. In this respect, all medicaments 
could induce the bone reparation due to alkaline 
phosphatase activation5,11. Bone regeneration begins 
from the peripheral area towards central region, firstly 
dissolving the “linear” focal border, whereas subsequently 
bone trabeculae can be find, refilling the previous 
defect2,5,10,12,18,20,21. The needed recovery time depends on 
the dimension of the focus. 

After a successful treatment, the treated teeth recover 
clinically and radiographically (negative axial and vertical 
percussion, disappeared focus, normal bone trabeculae, 
detectable periodontal line radiographically), and they 
can support prosthetic appliances independently to the 
amount of the resorbed medicament1,8,13,15. In any case, 
endodontics will evolve like all components of the life, 
but their problems will persist as long as caries and its 
consequences do exist! 
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SUMMARY
Passage of the gastric contents into the oesophagus (gastric oesopha-

geal reflux - GER) can be manifested by changes of tooth hard tissues. Tooth 
erosions that are consequence of GER are known as gastric oesophageal 
reflux disease (GERD). GERD is the complication of GER status. Further-
more, tooth erosion is one of the main symptoms that gives evidence of the 
digestive disorders, being present in early stages of the disorder.

Every acid content that is found in the mouth area, with a pH<5.5, may 
cause melting of the enamel hydroxyapatite crystals. Gastric juice in GERD 
has a pH value under 2.0. So it is very important to make the right differen-
tial diagnosis promptly, as well as the decision.
Keywords: GERD; Gastric Juice
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Introduction 

Many systemic diseases and pathologic conditions are 
manifested with oral changes too, which makes dentists 
to be the first health care professional to find out these 
diseases due to their primary manifestations. Tooth erosion 
is defined as a loss of the tooth hard tissues as the result of 
interaction of several chemical, non-bacterial, factors in 
the mouth region. Dental erosion is one of the intra-oral 
symptoms that defines disorders of gastric-oesophageal 
origin. gastro-oesophageal reflux (GER) is the passage 
of the gastric contents into the oesophagus and gastro-
oesophageal reflux disease (GERD) is the complication 
status of GER, being manifested with changes of tooth 
hard tissues.

Erosion begins as demineralization of the enamel 
surface that causes melting of the surface stratums and 
loss of the tooth structure. Tooth erosion risk factors could 
be: intrinsic and extrinsic causes1,2.

Clinically, the tooth erosion in  patients with GERD 
is characterized with: 

Wide concavities on the enamel smooth surface;1. 
Cupping of the occlusal surfaces (incisal whooling) 2. 
with dentine exposure;
Increasing of the transparency in the incisal margin; 3. 
Wearing of the non-occluding surfaces;4. 
Amalgam fillings on the enamel smooth surface;5. 
Wearing of the enamel surface in the gingival/cervical 6. 
area of teeth;

Hypersensitivity to hot and cold agents. 7. 
Symptoms or history of GERD;8. 
Excessive attrition;9. 
Vomiting (weekly or more often), chronic and 10. 
excessive vomits; 
Sports drinks intake (weekly or more often);11. 
Citrus fruits intake (more than twice daily) and soft 12. 
acidic and alcoholic drinks consumed (4-6 or more 
per week);
Bruxism habit and salivary changes;13. 
Gastric acids regurgitation into mouth or oesophagus; 14. 
Eating disorders, like anorexia nervosa or bulimia;15. 
Hiatus hernia;16. 
Gastrointestinal disorders, such as peptic ulcers or 17. 
gastritis, pregnancy, side effects of some medicaments, 
diabetes or nervous system disorders.
It is generally accepted that there are 3 erosion grades:

0 - no detectable erosion;
1 - small pots and lightly rounded cuspids, flat fissures, 

alterations in the occlusal surface (moderated 
grooving);

2 - ruining of cuspids with heavy grooving, fillings 
margins are erased over the tooth level, flattening of 
the occlusal surface morphology. 

It is very important to make the right differential 
diagnosis and to decide about the relation of the dental 
erosion process and other possible pathology of tooth 
structure loss, such as attrition  or abrasion.
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Material and Methods

We examined 60 out-patients, aged 25-38 years, 
at the gastroenterology ward of the University Hospital 
Centre in Tirana. 13 of them had evident dental erosions. 
Medical and dental control performed in these patients 
followed special protocols, such as: taking medical, dental 
and dietary history, and performed oral hygiene methods, 
as to define the disease etiological factors. 

The procedure comprised:
Making diagnosis based on the GERD symptoms, 

signs and fibroscopic tests;
Measuring pH of the gastric juice based on a 24 

hours monitoring. The pH was monitored before breakfast 
and lunch;

Defining grades of dental erosions.
Diagnostic protocol for dental erosion comprised:
1. Medical History (excessive vomiting, rumination, 

eating disorder, GERD, symptoms of reflux, frequent use 
of antacids, alcoholism, auto-immune disease such as 
Sjogren Syndrome,  oral and/or eye dryness, medication 
that causes salivary hypo-function, acidic medication);

2. Dental History (history of bruxism, grinding or 
clenching, grinding sounds during sleep noted by bed 

partner, morning masticatory muscle fatigue or pain, the use 
of occlusal guard);

3. Dietary History (acidic food and beverage 
frequency, the way of ingestion - swish or swallow, oral 
hygiene methods, tooth-brushing method and frequency).

The data were analyzed statistically using Kendal’s 
correlation coefficient in determining the relationship 
between the change in pH and the change in the oral status 
(r = 0.685; p = 0.013). SPSS 10.0 programme was used in 
data analysis.

Results

Results are presented in table 1. From the results it 
can be seen that the difference is significant enough (data 
were considered to be significant enough if difference was 
p ≤ 0.05). 

A t-test was performed on the data received from the 
2 sample groups (t = 0.45, p = 0.63). These results were 
not considered to be significant.

Table 1. Evaluation of the gastric juice pH, localization of the dental erosion and the disease time

5-6 monthsErosion Grade 1 Mandibular molars5.78.013

4 monthsErosion Grade1 Maxilar centrals6.427.5212

6 monthsErosion Grade2 of mandibular premolars3.173.5811

1.7 months+ Erosion of 6 teeth, Grade 2; especially the M sides, 
tubercules and lower teeth

2.752.8710

7 months+ Erosion still in its 1 Grade6.627.129

4 months+ Erosion still in its 1 Grade4.424.528

6 years+ Erosion of all teeth, teeth extracted3.473.647

4-5 years+ Erosion of all teeth, teeth extracted2.272.496

5 years+ Erosion of all teeth, teeth extracted3.343.405

5-6 months+Erosion still in its 0 Grade3.384.24

4 years+ Erosion of all teeth, fillings raised up to the eroded 
occlusal surface, the majority of teeth extracted

3.173.583

2.5 years+ Erosion of 6 teeth, especially the M sides, tubercules 
and lower teeth

2.372.872

2 years+ Erosion of 6 teeth, especially the M sides and lower 3.693.741

GERD PeriodOral StatuspH 2pH 1Case



Balk J Stom, Vol 12, 2008 Dental Erosion in Gastric Oesophageal Reflux Disease  165

Discussion 

When dentists diagnose tooth erosive lesions, they 
have to consider the possibility of theirs systematic origin. 
Especially patients that suffer from GERD have to be 
examined continually to prevent erosive lesions. They 
should keep a good hygiene of their oral cavity and they 
should also use local fluoride paste.

In the short term the goal in the treatment of dental 
erosion resulting from GERD is making differential 
diagnosis between GERD, other mechanical forces effects 
(attrition, abrasion) and etiopathogenetic factors. However, 
it is always advisable to decrease abrasive forces (the use 
of soft toothbrushes and dentifrices low in abrasiveness 
in a gentle manner, not to brush teeth immediately after 
an acidic challenge to the mouth, as the teeth will abrade 
easily, and rinse with water immediately after an acidic 
challenge), provide mechanical protection (application 
of composites and direct bonding where appropriate 
to protect exposed dentin, construction of an occlusal 
guard is recommended if a bruxism habit is present), and 
monitor stability (regular recall examinations should be 
done to review diet, oral hygiene methods, compliance 
with medications, topical fluoride and splint usage).

GERD is an important etiologic factor in the erosive 
lesion of teeth hard tissue. Our studies are consistent with 
other studies carried in other countries1-10. Mandibular 
molars had the highest wear out and damage in our cases. 
The part of the teeth that had been affected the most was 
the mesio-lingual surface.

Exposure of the dentinal tubules results in 
hypersensitivity to hot, cold, sweet and tactile stimuli. We 
have to emphasize that the demineralization occurs faster 
in dentin than it does in enamel 

In  diagnosing and curing erosion cases caused by 
GERD, a tight collaboration between several specialists, 
especially dentists and gastroenterologists, is required.

Further examination and studies would help to get 
better understanding of GERD and its relation to teeth 
erosive lesion.
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SUMMARY
Gingival overgrowths are lesions which can be seen due to diffe rent 

reasons. Phenytoin (PHT), the drug used in the treatment of epilepsy, is 
probably one of the commonest causes of gingival overgrowth. In the pre-
sented case, a male patient aged 23, who has been taking PHT for the treat-
ment of epilepsy, subsequently manifested by the enlarged gingival tissue, 
which was cut out using gingivectomy procedure. The biopsy samples, which 
were taken during surgery, were assessed histo-pathologically. Histo-patho-
logical evaluation showed that there were deepened rete-peg structures, and 
a connective tissue rich in collagen substance. Moreover, a dense plasmocyte 
cell infiltration was observed. This fact was interpreted as an allergic effect 
in gingival tissue caused by PHT.
Keywords: Overgrowth, gingival; Phenytoin; Drug Allergy
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Introduction

Gingival enlargement or overgrowth has been 
associated with multiple factors including inflammation, 
side effects of drugs, and neoplastic conditions. Chronic 
inflammation due to accumulation of dental plaque 
frequently causes gingival overgrowth1. Drugs associated 
with gingival enlargement include anti-epileptics, like 
phenytoin2-5, cyclosporin6,7, and calcium antagonists, such 
as dihydropyridines8,9, verapamil10,11, and diltiazem.

The clinical and pathologic features in drug-
induced gingival overgrowth are independent of the 
drug administered, which suggests a common pathway 
of induction12. The pathogenic mechanisms of gingival 
enlargement involve different factors, such as dental 
plaque, presence of genetically predetermined gingival 
fibroblasts (named responders), and effect of the drug 
itself, with all compounds affecting the trans-membrane 
flow of calcium13,14. This in turn changes the metabolism 
of connective tissue fibroblasts, causing an increase in 
the components of the extra-cellular matrix, i.e. collagen 
fibres and/or ground substance15,16.

Epilepsy is a condition in which a person has recurrent 
seizures due to a chronic underlying process. A seizure is a 
paroxysmal event, due to abnormal central nervous system 
activity, that can have various manifestations ranging 
from dramatic convulsive activity, with or without loss 
of consciousness, to phenomena not discernible by an 
observer17. Currently available anti-epileptic drugs act by 
depressing the neuronal activity in the focus of origin or by 
blocking the spreading mechanisms.

Phenytoin (PHT, 5,5-diphenylhydantoin) was first 
introduced as an anti-epileptic drug, in 193818. It is slowly 
absorbed from the gastrointestinal trackt, and shows 
marked inter individual variation19. PHT is known to 
concentrate in the brain, at levels 5 to 10 times that found 
in the serum20. The drug is extensively metabolized in the 
liver by microsomal enzymes, with the major metabolite 
(50-5% of the PHT dose) being 5-(p-hydroxypenyl)-5-
phenylhydantoin (p-HPPH)21. The drug has been proposed 
to act via stabilization of the neuronal cell membranes and 
through suppression of synaptic transmissions. Depending 
on the membrane conditions, drug concentration and 
timing, it appears that PHT acts by affecting the (Na+ K) 
pump, Ca++ transport, or the sodium influx at a cellular 
level22.

* Presented at the 37th National Periodontology Congress, 
May 2007, Antalya, Turkey



Gingival overgrowth is one of the most common side 
effects associated with the administration of PHT, the most 
frequently used anti-epileptic drug. Gingival overgrowth, 
in relation to PHT, was first described in 1939, with 
several other subsequent authors reporting the overgrowth 
associated with phenobarbital, valproic acid and 
vigabatrin. Gingival overgrowth has not been associated 
with carbamazepine, a useful alternative medication in the 
treatment of patients with seizures that have, or are at risk 
of, gingival enlargement23,24.

Case Report

A male patient aged 23 with gingival enlargements 
was referred to the Department of Periodontology, Faculty 
of Dentistry at the University of Cumhuriyet. In the first 
step, his dental and medical history was taken and he was 
clinically examined. The patient had not received any prior 
dental therapy. In his medical history, it was determined 
that he has been taking medicaments (Phenytoin sodium 
100mg; 2x2, and Barbexaclone 100 mg; 2x1) for the 
treatment of epilepsy for 3 years, which was diagnosed in 
the department of neurology. There were severe gingival 
overgrowths in all quadrants and in both buccal and oral 
sides of the mouth (Fig. 1). A mild inflammation and 
bleeding on probing were also recorded. It was thought 
the gingival overgrowth was due to PHT usage. However, 
it was not possible to stop or decrease the drug dosage for 
our patient.

treatment of other teeth is continuing. After medical history 
and clinical examination, a treatment phase I (periodontal 
treatment) was performed. 3 weeks after the treatment 
phase I, periodontal tissues were evaluated again and it 
was decided to perform a gingivectomy operation and 
remove gingival enlargements. The biopsy samples were 
taken during the operation and were subsequently assessed 
histo-pathologically. Histo-pathological evaluation showed 
that there were deepened rete-peg structures, thickened 
epithelial zone and a connective tissue rich in collagen 
substance. Moreover, a striking plasmocyte cell infiltration 
was observed (Fig. 3). 

Oral hygiene applications were instituted at each 
appointment due to achieve an adequate plaque control; 
and it was achieved. The patient is still being followed-up, 
and is under control (Fig. 4).

Figure 1. Clinical view of the patient before the treatment

Figure 2. Radiographic view at the initial visit

Figure 3. A dense plasmocyte infiltration in connective tissue 
(H&E, x20)

A radiographic examination revealed no supporting 
bone loss except the area of the tooth 46; however, teeth 
11, 17, 21, 26, 27, 35, 36 ,37, 46,  and 47 were carious (Fig. 
2). First molar on the right lower jaw (46) was extracted 
due to a serious caries, and teeth 11,12,13,21,22,23 were 
treated aesthetically; the conservative and endodontic 
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Discussion

A gingival overgrowth is a common feature of 
gingival disease. There are many types of gingival 
overgrowth, varying in accordance to etiological factors 
and pathological processes producing them. Gingival 
overgrowth caused by PHT, usually begins as a painless, 
bead-like, and diffuse swelling of the interdental papillae, 
which enlarge and coalesce, leaving a nodular appearance. 
As the condition progresses, the marginal and papillary 
overgrowths unite; they may develop into a massive 
tissue fold covering a considerable portion of the crowns. 
The overgrowth is chronic, and slowly increases in size, 
recurs when surgically removed, and has been reported to 
disappear spontaneously soon after the discontinuation of 
the drug25. A PHT-induced gingival overgrowth begins as 
hyperplasia of the connective tissue core of the marginal 
gingiva, followed by proliferation of the epithelium. The 
overgrowth increases by proliferation and expansion of the 
central core beyond the crest of the gingival margin.

There are various risk factors that have been 
elucidated for a drug-induced gingival overgrowth. 
The identifiable factors can be considered under the 
following headings: age, oral hygiene, daily dose and 
duration of drug therapy26. The role of oral hygiene in the 
pathogenesis of gingival overgrowth is also complex. The 
presence of the overgrowth makes plaque control difficult 
by helping the plaque retention, resulting in a secondary 
inflammatory process, complicating the gingival 
hyperplasia caused by the drug. Effective plaque control 
may reduce and prevent gingival enlargement. In addition 
to plaque control and medical management, periodontal 
surgical treatment and multidisciplinary dental care are a 
key strategy in managing gingival enlargement.

Mild gingival enlargement may only require local 
management, as improvement in oral hygiene together 
with professional cleaning of the teeth, which can lead 

to resolution of inflammation and reduction in gingival 
enlargement. But, if there is a serious gingival overgrowth 
like in our case, a periodontal surgical management is 
required to remove the excess tissue. In our case, gingiva 
had almost covered the full portion of the crowns in all 
quadrants. It was very difficult to achieve an adequate oral 
hygiene for the patient. And there was a serious aesthetical 
problem which affected psychological condition of 
the patient. In cases that have gingival enlargement 
covering more than about a third of the tooth surface, a 
consideration should be given to altering the medication. 
When possible, reducing the dose or changing to another 
drug may bring about partial or complete regression of 
the lesion. But this was not possible for our patient, so 
we warned our patient about the possibility of gingival 
enlargement recurring despite periodontal treatment27.

The relationship between anticonvulsant drugs 
and hypersensitivity has been shown in the literature28. 
In our case; the histo-pathological evaluation of the 
specimens has revealed deepened rete-peg structures 
and a connective tissue rich in collagen substance. These 
findings are classical for some gingival overgrowths, but 
a dense plasmocyte cell infiltration was also observed. We 
are of the opinion that this finding could be a result of an 
allergic background caused by PHT.

As a conclusion, in gingival enlargement cases, 
plaque control is very important. Treatment required in 
accordance to the degree of gingival enlargement must be 
performed and the importance of maintaining good oral 
hygiene, as a preventive measure, should be emphasized. 
In addition, the possible allergic drug effects should be 
known and if possible, the alternative medications may 
be considered. If there is not a chance of changing the 
medication, the possibility of recurrence should be told to 
the patient.
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SUMMARY
Several sensory disturbances may occur to the inferior alveolar nerve 

postoperatively. They are usually associated with lower third molar sur-
gery, and even then they are rare. The aim of this study was to evaluate and 
describe the radiological aspects of sensory disturbances after an attempted 
tooth extraction, and present their preoperative and postoperative treatment. 
The cases demonstrated are presented with symptoms of facial pain; radiolo-
gical and clinical situation are given preoperatively and postoperatively. A 
small comparison is also made to a case without symptoms, although the 
inferior alveolar nerve was in close relation to the tooth, and to which a 
proper operative approach was taken.
Keywords:Inferor alveolar nerve, injury; Impacted lower third molars.
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Introduction

There are several sensory disturbances that may 
occur to the inferior alveolar nerve during an extraction 
attempt. They most often occur when the tooth involved 
is an impacted lower third molar1-7 and include complete 
anaesthesia, hypoesthesia, hyperaesthesia and the most 
common one, paresthesia.

Paresthesia is attributed to nerve injury being of 
either odontogenic or iatrogenic origin8,9. It is expressed as 
numbness, burning sensation and/or electric type stimuli. 
The cause of paresthesia is often odontogenic, though 
it can be of systemic origin, such as viral or bacterial 
infections, or local neoplasms. Of the mentioned causes, 
those of odontogenic origin are of special concern to 
general dentists, which can be an attempt to extract molars 
and, most often, wisdom teeth, cysts, odontomas and 
periapical inflammations8,9. 

The aim of this paper is to present 4 patients who 
were referred to our clinic with symptoms of sensory 
disturbances of the trigeminal nerve.

Report of 4 Cases

Case 1
A 57-year-old patient was referred to our clinic with 

intense symptoms of pain and numbness at the area of 

lower right second molar, though clinically no tooth was 
present.  The panoramic radiograph, which patient had 
with him, showed a residual root (Fig. 1) indicated for 
extraction. The position of the root was confirmed with 
an intraoral radiograph. The residual root was removed. 
During the postoperative follow-up, 3 and 8 months after 
the initial surgery, the paresthesia was limited to the area 
of 41 and 42 at the time of the first follow-up, and ceased 
completely at the time of the second follow-up.  

Figure 1: panoramic radiograph of the patient revealing the root 
remnant that caused the patient’s paresthesia

Case 2
A 52 years old patient was referred to our clinic 

after a long history of pain and misdiagnosed trigeminal 
neuralgia. According to the patient’s history, he initially 
showed symptoms of pain about 2 years ago, when he 
visited a hospital with acute pain at the lower mandibular 
area that reflected to the ear and eye. Since then he had 



Case 3
A 67-year-old patient was referred to our clinic after 

an unsuccessful attempt to remove the wisdom tooth. She 
came to us with the radiographs her dentist had taken 
before the attempt (Fig. 3). An intraoral and a panoramic 
radiograph were taken to gain a better understanding of 
the tooth’s position (Fig. 4, a and b). After viewing the 
radiographs, we ordered a computerized tomography 
(CT) scan to know with absolute certainty the position 
of the inferior alveolar nerve (Fig. 5, a and b). In the CT 
scans we observed the close approximation of the tooth’s 
residual roots to the inferior alveolar nerve. The correct 
localization of the inferior alveolar nerve was done, and 
a more careful approach to the extraction of the roots was 
taken. The lack of inflammation allowed us to conclude 
that the atypical paresthesia the patient had upon arrival, 
was of iatrogenic origin. When the patient came for a 
recall, 3 months after surgery, paresthesia was restricted 
in extent, but the symptoms of numbness and pain were 
more intense. A second recall, 6 months after surgery, was 
scheduled, when patient showed an improvement. The area 
of paresthesia was limited in extent, there was sensation 
at the lip and cheek area and only the anterior lower teeth 
area was still numb with very short paroxysmal pain 
involvement. Currently, 10 months after surgery, there are 
no symptoms of paresthesia.

visited numerous clinics from E.N.T. to Neurological and 
had been given medication (carbamazepine) for treatment 
of trigeminal neuralgia. The symptoms persisted, and 
about a year ago, he was referred to our clinic from a 
neurologist. After making an OPG (Fig. 2), we noticed a 
strongly inflamed wisdom tooth that was removed. The 
patient was re-examined 6 and 12 months after surgery 
and paresthesia he initially had was at the first follow-up 
restricted to the area between 31 and 34, and gone at the 
second follow-up. 

Figure 2: Panoramic radiograph of the patient showing the impacted 
wisdom tooth with the inflammation of the surrounding tissues.

Figure 3: The intraoral radiograph prior to the extraction attempt that 
does not provide with the necessary information to avoid complications

Figure 4a: An intraoral radiograph of the same case as in figure 3 the 
way the patient presented to the clinic. We can clearly see the needed 

information to proceed to further surgery

Figure 4b: Panoramic radiograph of the same case to give us all the 
information we need for the surgical removal of the root residues

Figure 5a: A C.T. section of the patient giving us the exact position of the 
inferior alveolar nerve in relation to the root residues
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Case 4
In this case, the patient arrived with no symptoms 

or clinical findings of paresthesia, after referral of an 
orthodontist for a wisdom tooth removal. The case is 
discussed in contrast to the previous cases to demonstrate 
the significance of proper preoperative control and 
the importance of proper surgical moves to avoid any 
complications. The orthopantomogram showed a close 
connection of the inferior alveolar nerve to the wisdom 
tooth’s roots (Fig. 6).  We ordered a CT scan prior to the 
surgery. At the CT we observed the exact position of the 
tooth and its roots, as well as the course of the nerve (Fig. 
7, a and b). The surgery was scheduled and the tooth was 
extracted causing minimal damage to the surrounding 
tissues and, therefore, after the extraction, there was 
limited paresthesia that lasted only a couple of weeks.

Discussion

Trigeminal paresthesia is not a commonly occurring 
sensory disorder. In many of the cases it is of odontogenic 
or iatrogenic origin. In cases of difficult tooth extraction, 
particularly of lower wisdom teeth, it is one of the most 
frequently occurring extraction complications. The most 
common cause of its appearance is the improper surgical 
procedure performed by the dentist, and underestimation 
of the difficulty of the operation.

When there is a need to extract a tooth that is in close 
approximation to the inferior alveolar nerve, one must 
always be aware of the tooth’s position radiologically. 
Initially, an intraoral radiograph and a panoramic radio-
graph should be taken to provide information regarding 
the tooth’s exact position. If a close proximity of the 
tooth’s roots to the inferior alveolar nerve is observed, it 
should be decided whether additional radiographs, such as 
a CT scan, are needed to best assess the exact anatomical 
relationships between the tooth’s roots and the inferior 
alveolar nerve. Patient must be informed of the possibility 
of a complication during surgery, and must be aware of the 
fact that there is no current treatment if paresthesia is the 
complication. He must also be informed that paresthesia is 
a temporary complication in most of the cases, but seldom 
it is a permanent one.

The possibility of this complication during an 
extraction cannot always be avoided. One should try to 
limit it, though, by taking every possible measure available 
prior to surgery. Reference of the patient to an oral 
surgeon should be made when the dentist is not certain of 
his limitations. The proper radiographic control and the 
correct clinical movements (e.g. avoiding lingual moves 
or instrument placement for lower wisdom teeth) during a 
tooth extraction, when the tooth is in approximation to the 
inferior alveolar nerve, should be considered in order to 
avoid complications, such as paresthesia of the nerve.
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SUMMARY 
Restoration of an endodontically treated tooth is a subject that has been 

evaluated and discussed widely in the dental literature. Use of polyethylene 
fibre ribbon reinforced composite resin as post in restoring extensively 
damaged teeth is something new. This article describes the use of polyethylene 
fibre ribbon reinforced composite resin as post-core build-up.

Keywords: Polyethylene Fibre Ribbon; Reinforced Composite Resin; Post-Core Build-Up

Hasan N. Alkumru, Sebnem Begum Turker, 
Buket Evren

Marmara University, Dept. of Prosthodontics 
Faculty of Dentistry, Istanbul, Turkey

TECHNICAL REPORT (TR)
Balk J Stom, 2008; 12:174-177

 BALKAN JOURNAL OF STOMATOLOGY     ISSN 1107 - 1141  

Use of Polyethylene Fibre Ribbon Reinforced 
Composite Resin as Post-Core Build-Up:
A Technical Report

TUPNBUPMPHJD
B

M!
!T

P
D

JF
U

Z

 Introduction

Teeth that have been endodontically treated often 
have little coronal tooth tissue remaining and, as such, 
require a post to retain the core and restoration, and 
need to be restored by crowns1,5,9. Metal posts are most 
commonly used due to their favourable physical properties 
and excellent biocompatibility4,8. With recent advances in 
ceramic technology, the all-ceramic crown has become 
more popular. However, restoring a pulpless tooth with a 
metal post and core in combination with an all-ceramic is 
a challenge. The underlying metal from the post and core 
can alter the optical effects of a translucent all-ceramic 
crown and compromise the aesthetics7.   There has been 
a significant amount of interest in the development of 
non-metallic post systems in recent years. Several tooth-
coloured posts have been developed, such as zirconia 
coated CFP, all-zirconium posts and fibre-reinforced 
posts2,10,12.

A leno-woven polyethylene ribbon (Ribbond 
Bondable Reinforcement Ribbon) has been used 
successfully for a variety of clinical techniques, including 
tooth splinting, replacement of missing teeth, treatment of 
dental emergencies and reinforcement of resin provisional 
fixed prosthodontic restorations, orthodontic retention and 
other clinical applications11. In recent year, there has been 
a great deal of interest in the use of resin cement to bond 
a post into a prepared canal2,10.  Some laboratory studies 
have shown a significant increase in post retention with 
resin cement3,6,13. 

This paper describes a treatment alternative for 
extensively damaged tooth using polyethylene fibre ribbon 
reinforced composite resin as post-core build-up.

Technical Report

Clinical and radiographic examinations of a 21-year-
old male patient revealed a root canal treatment due to 
the fracture of the maxillary right central incisor, which 
was restored with composite resin filling materials 4 
years ago. The discolouration and secondary caries of the 
related tooth was not satisfactory for the patient (Fig. 1). 
Polyethylene fibre ribbon reinforced composite resin as 
post-core build-up and Empress II crown were planned 
as treatment options to the patient for replacement of 
the extensively damaged tooth. The construction of 
polyethylene fibre ribbon reinforced post-core restoration 
is not time consuming and provides tooth coloured 
aesthetic substructure for a complete porcelain crown, 
which will satisfy aesthetic requirements of the patient.

Figure 1. Initial view of teeth



Polyethylene Fibre Ribbon as Post Material
The root canal filling was removed to the apical 

third by using gates glidden and washed with 5% sodium 
hypochlorite (Fig. 2A and B). After drying procedure with 
paper points, 37% phosphoric acid was used to etch the root 
canal wall and remaining tooth surface for 15 seconds, and 
washed thoroughly for 30 seconds (Fig. 3). Retraction cord 
(Stay-put; Roeko, Germany) was used to isolate sub-gingival 
finish line after anaesthesia. Resin cement (Variolink; 

Figure 4. Polyethylene fibre ribbon embedded in resin cement 
(Variolink II)

Figure 5A. Insertion of polyethylene fibre ribbon into the resin cement 
filled tooth canal

Figure 2A. Remaining tooth structure, after removal of composite resin 
restoration and caries

Figure 3. Total etch of the root canal

Figure 2 B. Root canal ready for polyethylene fibre ribbon reinforced 
composite resin post-core restoration

Ivoclar Vivadent, Liechtenstein) was used for luting 
polyethylene fibre ribbon. Syntac primer (Ivoclar Vivadent), 
Syntac Adhesive (Ivoclar Vivadent) and Heliobond (Ivoclar 
Vivadent) were applied to dentine separately in accordance 
with the manufacturer’s directions. A piece of fibre ribbon 
(Kerr Connect Reinforcement Ribbon; Kerr Corp, Orange, 
CA), 3 mm width and 5-6 mm longer than the prepared root 
canal length (Fig.4), was cut off and embedded in mixed 
Variolink resin cement (Variolink; Ivoclar Vivadent).

Figure 5B. Forming loop by insertion of free end of fibre ribbon into 
root canal
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After cementation of Empress II crown, routine recall 
visits were performed 4 times over a 1-year period. The 
evaluation of the polyethylene fibre ribbon reinforced 
composite resin as post-core build-up at these visits was 
made with radiographic examination. In each recall, 
radiograph was taken from the restored tooth with the 
standardized long-cone technique. No differences were 
observed between the initial and recall radiographs. The 

The root canal was filled with resin cement. Fibre-
resin combination was carefully placed into the canal 
by use of titanium nitride coated instruments (Brilliant 
Esthetic Line Composite Instrument, Coltène AG, 
Switzerland), leaving a loop formed 2-3 mm ribbon above 
the occlusal surface of the root (Fig. 5A and B). The 
combined fibre ribbon and luting resin was light cured for 
40 sec (Optilux; Demetron Inc, Danbury, Conn). Exposed 
ribbon loop was then filled and covered with composite 
resin (Tetric Ceram, Ivoclar Vivadent) incrementally 
for fabricating core, and light cured for 40 sec from one 
surface, total of 160 seconds (Fig. 6) .

Core Preparation
The core preparation was completed with 

circumferential deep chamfer finish line (Fig. 7). Medium 
and coarse diamond burs (Accurata, G+K Mahnhardt 
Dental, Germany) were used for tooth preparations. The 
width of the shoulder was kept 1 ~ 1.2 mm. Cervical 

margin was placed 0.5 mm sub-gingivally to increase the 
length of preparation as well as aesthetic improvement of 
the final restoration.  Sharp edges or irregularities were 
corrected to minimize stress concentration. Complete 
arch impression was made with a silicon impression 
material (Speedex; Coltene AG, Switzerland) and chair 
side provisional crown (Dentalon Plus; Heraeus Kulzer, 
Germany) was constructed. Empress II full ceramic 
crown (Empress II; Ivoclar, Vivadent) was fabricated. The 
complete seating, marginal adaptation, aesthetic appearance 
of crown and occlusion was checked at the first try-in. Any 
premature contacts of centric occlusion position and /or the 
lateral and anterior movements were eliminated.

Empress II Crown Cementation Procedure
The internal surface of the crown was etched with 

5% hydrofluoric acid gel (IPS ceramic etching gel; 
Ivoclar, Vivadent) for 20 sec. A silane coupling agent 
(Monobond-S; Ivoclar, Vivadent) was applied for 60 
sec. The preparation was cleaned with pumice slurry 
and retraction cord was applied. The core surfaces 
and remaining tooth surfaces were etched with 37% 
phosphoric acid (Total Etch; Ivoclar, Vivadent) for 
60 seconds. Tooth was rinsed with water and dried. 
Following the manufacturer’s guidelines, Syntac Primer 
and Syntac Adhesive were applied. The bonding agent was 
brushed on both preparation surfaces and internal surface 
of the restoration, thinned with air, and cementation was 
performed immediately by using Variolink II high viscosity 
resin cement. Excess cement was removed with brush and 
dental floss. The restoration was photo-polymerized for 40 
sec. from all surfaces, total of 200 seconds. The occlusion 
was controlled to preclude premature contacts (Fig. 8).

Figure 6. Construction of composite resin (Tetric-Ceram) core

Figure 7. Final preparation for full ceramic restoration Figure 8. Full porcelain in-situ

outcome was successful. Additionally, no functional or 
aesthetic problems were reported by the patient.

Discussion

The purpose of a post and core is to reinforce the 
remaining coronal tooth structure and to replace missing 
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coronal tooth structure9. Due to the shearing forces that 
act on anterior tooth, anterior endodontically treated teeth 
are restored with posts more often than posterior teeth8. 
The metallic colour of metal posts leads to a greyish 
discoloration of the root and consequently of the gingiva. 
This may be an enormous aesthetic disadvantage in the 
anterior teeth5 and cosmetic concern has led to development 
of aesthetic posts7. The use of polyethylene fibre ribbon 
reinforced composite resin as a post-core restoration 
material satisfied the aesthetic demands beneath all 
ceramic restorations and also provided a level of strength to 
composite core material replacing the lost tooth structure.

Dental cement lute the post to radicular dentin and 
some properties of cements, such as compressive  strength, 
tensile strength and adhesion, are commonly described 
as predictors for success of a cemented post.8. Cement 
provides important retention to the post and core; however, 
no cement can compensate for a poorly designed post7. 
Mendoza et al6 showed that resin cements give additional 
resistance to fracture compared to brittle, nonbonding zinc 
phosphate cement, and reported that resin luting agents 
are technique-sensitive and difficult to manipulate. In the 
presented study, before the cementation procedure, the 
canal was washed off and dried after the etching procedure, 
ensuring that the post space was free of any residue4. 
The root canal was filled with resin cement by using 
lentulospiral10 and polyethylene fibre ribbon embedded to 
the resin cement was placed to the prepared root canal. 

Silver amalgam, composite and glass-ionomer are 3 
basic direct core materials8. Kovarik5 evaluated different 
core materials under simulated chewing conditions and 
concluded that amalgam core build-ups with metal posts 
had a significantly higher resistance to chewing forces 
when compared to metal post-composite resin build-ups. 
In the present study, since exposed ribbon loop was filled 
and covered with composite resin incrementally, fibre-
resin combination with 2-3 mm loop provided adequate 
retention and resistance for the core material clinically.

The technique presented in this paper is a chair-
side procedure, and allows direct core build-up. Therein 
with one visit for the patient, the dentist can fabricate 
post-core, complete the crown preparation and make a 
final impression for the restoration. Since the endodontic 
enlargement is enough and since there is no need for 
extra preparation in the canal for the polyethylene ribbon, 
the preservation of residual dentin is possible with this 
technique. Therefore, the risk of root perforation can be 
eliminated and the remaining root dentin to resist fracture 
is optimized. However, a significant challenge with this 
technique is the handling of the polyethylene fibre ribbon 
during embedment of the resin cement. Titanium nitride 
coated instruments can be used for better handling of 
ribbon and resin cement combination.

Sirimai et al12 reported that the polyethylene fibre 
ribbon was effective in reducing the incidence of vertical 
root fractures and the failure thresholds were significantly 
lower than that of conventional cast posts. In this clinical 

application, the aesthetic goal was achieved and there was 
functional success over 1 year period. Long-term clinical 
performance of polyethylene fibre ribbon reinforced 
composite resin as post-core build-up needs to be evaluated. 

In summary, the polyethylene fibre ribbon can be 
used safely with composite resin for post-core build-
up restorations for endodontically treated teeth. The 
translucent quality of fibre ribbon and composite resin 
enables complete porcelain crowns to be fabricated 
without compromising aesthetics. 
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Although there are many reference textbooks 
that cover oral cancer comprehensively, “Oral 
Cancer” by JW Werning is a practical, easy-to-read 
guide to the management of oral cancer. It provides 
readers with a systematic review of the diagnostic 
and treatment principles that maximize the outcomes 
of patients who have been diagnosed with oral 
cancer. 

Editor JW Werning, M.D., D.M.D., has brought 
together contributions from authorities in the fields 
of head and neck surgical oncology, radiation 
oncology, reconstructive surgery, dentistry, and 
oral and maxillofacial surgery. This book provides 
clinicians with the unified management philosophy 
firmly based upon the available evidence in the peer-
reviewed literature.

Unlike more comprehensive texts on head and 
neck cancer, this text does not address the basic 
science foundation of cancer biology or medical 
therapy. Because of its concise format and coverage 
of key clinical principles, it makes for a good 
addition to the library of residents or surgeons who 
manage head and neck cancer.

This book is divided onto 31 chapters in a 
following order: Epidemiology of Oral Cancer - 
Oral Precancer - Malignant Lesions of the Oral 

Book Review
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reconstructive options that are time tested and 
effective for restoring form and function. 

Chapter on reconstruction of the lips exhaustively 
covers a technique published in 1974 by Prof. M. 
Karapandžić from the University of Belgrade, Clinic 
of Maxillofacial Surgery. The description of that 
method is concluded with the following statement: 
„Based on the superior functional and cosmetic 
results that can be achieved, the Karapandzic flap is 
arguably the flap of choice for most defects“.

Exhaustive coverage was given to the topics 
that have until now received limited attention in 
other textbooks devoted to oral cancer, including the 
evaluation and management of oral premalignant 
lesions, osseointegrated implantation and dental 
implant imaging, and orofacial pain.

“Oral Cancer” is long on management and 
short on pathophysiology. This makes it concise and 
attractive for clinicians or residents accumulating 
information specifically about patient management. 
Its lack of pathophysiology and basic science limits 
its utility to residents preparing for the in-service 
examination. However, it will certainly help students 
or residents prepare for the next days operation or 
case presentation. For more senior clinicians, it 
serves as a well-referenced, up-to-date review on 
management techniques.

As a clinical text, it directs the reader through 
difficult subjects; it clearly states which topics are 
controversial, outlines the relevant studies, and then 
leads the reader to a fair conclusion of acceptable 
management practices. In areas in which there is 
consensus, management options are stated clearly 
and concisely. Furthermore, it informs the reader 
when introducing a non-standard treatment (such as 
radiation therapy for lesions traditionally managed by 
surgery). For a text addressing oral cavity cancer, it 
contains significant detail on radiotherapy treatment. 
Overall, this is a valuable addition to the book, as it 
is not always as well covered in traditional textbooks. 
Although the radiation oncology sections are well 
written with excellent figures, they seem in places 
excessive for the target audience.

The textbook appropriately concludes with a 
discussion of future directions in cancer therapy, 
novel therapeutics that are on the horizon, and 
options for managing treatment sequelae that can 
significantly affect a patient’s quality of life.

Cavity - Evaluation of Oral Premalignant Lesions 
- Anatomic Consideration - Imaging of Patients 
with Oral Cancer - Staging of Oral Cancer - 
Pretreatment Dental Evaluation and Management 
of the Oral Cancer Patient - Cancer of the Lip - 
Cancer of the Buccal Mucosa - Cancer of the Oral 
Tongue and Floor of Mouth - Cancer of the Lower 
Alveolar Ridge and Retromolar Trigone - Cancer 
of the Hard Palate and Upper Alveolar Ridge - 
Management of the Neck - Reconstruction of the 
Lips - Reconstruction of the Cheek - Reconstruction 
of the Tongue - Reconstruction of the Mandible - 
Reconstruction of the Maxilla - Radiation Therapy 
– Chemotherapy - Oral Rehabilitation with 
Osseointegrated Implants - Dental Implant Imaging 
- Oral Prosthetic Rehabilitation - Xerostomia and 
Mucositis – Osteoradionecrosis - Speech and 
Swallowing Following Treatment for Oral Cancer - 
Temporomandibular Disorder and Orofacial Pain – 
Chemoprevention - Novel Therapeutics for Head and 
Neck Cancer - Medical/Legal Issues.

Those chapters contain in-depth clinical reviews 
of preferred treatment approaches and reconstructive 
techniques for each oral cavity site facilitate the 
development of effective treatment strategies that are 
tailored to the location and extent of the lesion. They 
also give insightful reviews of controversial clinical 
issues, such as the management of early mandibular 
invasion and the clinically negative neck.

In addition to covering management of oral 
cavity cancer, the book has well-written and concise 
chapters on related topics such as osteoradionecrosis, 
prosthetic implantation techniques, chemoprevention, 
new therapeutic agents (including monoclonal 
antibodies, tyrosin kinase inhibitors, gene replacement 
therapy, farnesyl transferase inhibitors, etc), legal 
issues (malpractice litigation, cancer litigation and 
risk management). For the most part, the book is well 
referenced internally, referring the reader to places 
within the book that are not covered in the current 
chapter. Unfortunately, this is not always the case, 
and some topics are divided into separate chapters 
that might be better grouped together. For example, 
the chemotherapy section does not include targeted 
therapies, which are appropriately covered within the 
book, but in a separate chapter.

A key element in the surgical treatment 
of patients with oral cancer is state-of-the-art 
reconstruction, and leaders in the field have 
contributed site-specific chapters covering the 
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an essential educational tool for residents and other 
members of the multidisciplinary oral cancer team. 
Its comprehensive coverage of oral cancer prevention, 
diagnosis, therapy, reconstruction, and rehabilitation 
is intended to become an invaluable tool for all who 
provide a service aimed to improve both therapeutic 
outcome and quality of life for all patients treated for 
oral cancer. 

Prof. Miodrag Gavrić

In what is notably missing for a clinically oriented 
text, it does not contain an adequate discussion of 
complications related to surgery or radiotherapy 
within each chapter, nor does it contain a separate 
chapter that addresses long-term post-treatment  
complications.

“Oral Cancer” is an up-to-date and comprehen-
sive guide to the clinical management of oral 
cancer and its rehabilitation. This book is both an 
indispensable reference for experienced clinicians and 




