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A B S T R A C T   

Background: Therapeutic radiation-induced caries is a major side effect. Dental and oral heath are adversely 
affected by the direct effects of radiotherapy. Preventive procedures are preferred to reinforce dental tissue 
resistance against radiation damage. 
Objective: Research aim is to test the impact of different remineralizing protocols on the mineral content of 
deciduous enamel exposed to a therapeutic dose of gamma radiation. 
Methods: Thirty deciduous enamel specimens were divided randomly into three experimental categories based on 
the type of remineralizing agent used. Group I (gamma irradiated teeth, then painted with fluoride varnish), 
Group II (gamma irradiated teeth, then treated with bioactive glass) and Group III (gamma irradiated teeth, and 
then treated with a diode laser 980 nm). Prepared specimens were assessed for mineral content by environmental 
Energy Dispersive X-ray Analysis. SEM photomicrographs were performed simultaneously. Results were inves
tigated concerning pre- and post-irradiation values difference. The paired-samples t-test was performed to 
compare the atomic and weight percentages of the selected elements obtained from the samples in the control 
groups before and after therapeutic radiation. One-way analysis of variance and post hoc Tukey tests were used 
to compare between the categories regarding weight and atomic percentages. 
Results: Calcium/Phosphorus (Ca/P) ratio and Fluoride content decreased significantly after radiotherapy. 
Fluoride content significantly increased after remineralizing agents’ application with the greatest increase in 
Bioactive glass group followed by fluoride varnish (F.varnish) group and the least increase was in diode laser 
group. Significant increase in Ca/P ratio in bioactive glass group followed by insignificant increase in F.varnish 
group (I) with the least increase noticed in the Diode laser group. 
Conclusion: Therapeutic radiation caused marked decrease in enamel mineral content. However, the reminral
izing agents applied have an improving effect on the caused damage.   

1. Introduction 

World Health Organization has recently noted that oral cancers are 
to be given priorities. Maxillofacial and neck tumors exist at an 
increased frequency in humanity, with an incidence rate of 500,000 new 
patients yearly (Aragón et al., 2022). Although head and neck tumors in 
children are of a low incidence, the line of treatment, anticipation and 
prognosis should be considered. Head and neck cancers (HNC) are 
usually treated by using ionizing radiation, either as alone or combined 

with chemotherapy (Ligier et al.,2016). 
Radiation caries is considered one of the main side effects of radio

therapy in the head and neck region, which weakens teeth, making them 
brittle and more prone to fractures (de Miranda et al., 2021). Despite 
diligent oral hygiene practices, and optimal fluoride application, tooth 
structure in areas exposed to radiotherapy at doses of 60 Gy and more 
are subjected to an increased risk of dental harmful effects. Fluoride 
varnish should be applied to high-risk patients for about 2–4 times per 
year as recommended by the American Dental Association to decrease 
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demineralization and increase remineralization (Gupta et al., 2015). 
Bioactive-Glass has been studied on a wide scale in the field of remi
neralization due to its enormous capacity to form hydroxyapatite. When 
it comes in contact with saliva, calcium, sodium, phosphorus, and sili
cates bind to the enamel surface initiating a remineralizing effect (Klarić 
et al., 2023). Evidence suggests that laser irradiation can change the 
makeup of enamel and enhance its resistance to caries because it pro
motes remineralization and the intake of fluoride ions (Soltanimehr 
et al., 2019). Therefore, the aim of the current study is to evaluate the 
effect of different remineralizing agents on the mineral content of 
enamel of primary teeth exposed to gamma radiation. 

2. Materials and methods 

This in vitro investigation was conducted by the same operator on 15 
exfoliated human primary molars after receiving written consent from 
the parent that teeth would be used in research purposes. Ethical 
approval with the number (REC-PD-23-14) was received from the 
Research Ethics Committee of the Faculty of Dental Medicine, girls’ branch 
Al-Azhar University. Collected teeth were visually examined. Teeth with 
visible carious lesions, hypocalcification, erosion, cracks, previous res
torations, teeth exposed to radiation, or subjected to any chemicals such 
as hydrogen peroxide were excluded. Collected teeth were cleaned using 
a toothbrush and water to remove any debris and residual tissues, then 
polished using a non-fluoride polishing paste and brush. Then teeth had 
been stored in distilled water at room temperature to avoid dehydration. 
Mesiodistal crown sectioning into equal halves was performed using a 
low-speed dental diamond disk (DFS, Diamond, Germany). Buccal and 
lingual enamel samples were then centrally mounted on top of a freshly 
mixed chemically cured acrylic resin (Acrostone, Egypt) within a pre
pared mold, with the enamel surfaces facing upward for the experi
mental design (Table 1). 

2.1. Teeth samples grouping 

A total of 30 samples, separated into three experimental groups 
based on the remineralizing agent used, are needed for this investiga
tion, according to the power analysis performed using G*Power 3.1.9.4 
software. This sample size guarantees an alpha error (type I error) of 
0.05, an effect size of 0.7, and a test power of 0.80. 

2.2. Samples exposure to therapeutic gamma radiation (Demineralization 
Procedure) (Dur et al., 2022) 

The specimens underwent irradiation to replicate oral cancer ther
apy at The National Center for Radiation Research and Technology in 
Cairo, Egypt, utilizing Indian Cobalt-60. The irradiation was carried out 
using a Gamma cell chamber (60 Co, Baha, Baha Research Center 4000 
A) with a dose rate of 60 Gy (2 Gy × 30 fractional doses), which cor
responds to the therapeutic dose for the treatment of (HNC). A 
specialized technician administered the radiation using a linear accel
erator device (Varian Trilogy, Varian Medical Systems, Palo Alto, CA, 
USA). Irradiated teeth were stored in a saline solution to mimic the oral 

Table 1 
Remineralizing procedures.  

Materials and 
Devices 

Composition Manufactures 

Enamel Pro 
varnish 

5 % Sodium fluoride& 
2.3 % Amorphous Calcium 
Phosphate 

Premier Dental Products Co., USA  

Bioactive 
glass 
Gel (BAG) 

45 wt% (wt %) SiO2, 
24.5 wt% CaO, 24.5 wt% 
Na2O and 6.0 wt% P2O5 

Experimentally manufactured at 
Nano Gate company, Cairo, Egypt 

Diode laser Gallium-Aluminium- 
Arsenide (Ga AlAs) diode 
laser 

SIRONA Dental Company, 
Germany  

Table 2 
Comparison of the elemental contents between pre- and post-irradiated groups 
in terms of weight and atomic percentages.  

Groups Weight (Wt) % Atomic (At) % 

Fluoride Ca/P Fluoride Ca/P 

Control BR 17.64 ±
1.352 

1.990 ±
0.0921 

29.15 ±
1.937 

1.537 ±
0.05824 

Control AR 4.740 ±
1.185 

2.568 ±
0.2048 

8.84 ±
1.715 

2.568 ±
0.2857 

Paired t test 
Statistics 
(p value) 

<0.0001 * <0.0001* <0.0001* 0.0001*  

Fig. 1. Weight and atomic percentages of the elemental contents of pre-and post-irradiated groups.  
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environment between applications. Following gamma irradiation, 30 
samples were randomly allocated into three experimental groups (n =
10) based on the remineralizing protocol followed in the study design. 

Study design: 
Control before radiation (BR): Specimens not subjected to thera

peutic radiation 
Control after radiation (AR): Gamma irradiated samples. 
Group I: Gamma irradiated samples, then treated with fluoride 

varnish. 
Group II: Gamma irradiated samples, then treated with experimental 

bioactive glass. 
Group III: Gamma irradiated samples, then treated with diode laser. 

2.3. Remineralizing procedures (Table 1) 

2.3.1. Fluoride varnish Application 
A thin coat was evenly painted on the enamel specimens with a 

sweeping brush and left undisturbed for 24 h. 

2.3.2. Experimental bioactive glass gel Application 
A thin gel layer was evenly painted on the teeth samples with a micro 

brush and left undisturbed for 24 h. 

2.3.3. Diode laser Irradiation 
Diode laser Gallium-Aluminum-Arsenide (Ga Al As), (Siro-Laser 

Advance class III b) of 970-nm wavelength and a power output of 2 W 
was used in continuous mode on the targeted surfaces for 15 s. It was 
attached to a 220-μm optic conductor fiber as a transmission element. 
The tip of the optic fiber was placed at a non-contact mode with a 
standard distance of 2-mm. It was then moved uniformly and longitu
dinally over the marked spot (Gupta et al., 2015). The specimens were 
stored, in deionized water at 37 ◦C for 24 h before conducting the tests. 

2.4. Assessment Methods 

2.4.1. Chemical analysis evaluation 
The specimens underwent analysis for mineral content initially, after 

gamma irradiation, and following the application of remineralizing 
protocols. This assessment involved measuring the content of fluoride, 
calcium, and phosphorus ions in weight percentage (wt%) and atomic 
percentage (At%) using Environmental Energy Dispersive X-ray Analysis 
(EDX) conducted on a Quanta 250 model by FEI Company in the 
Netherlands. 

2.4.2. Surface micromorphology inspection 
Selected specimens from each group were scrutinized using an 

Environmental Scanning Electron Microscope (Quanta FEG-250 model, 

Fig. 2. Weight and atomic percentages of the elemental contents between before, post-irradiated group and other groups that received reminralizing agents.  

Table 3 
Comparison of the elemental contents before radiation, after radiation and after remineralizing agents’ application in terms of weight and atomic percentages.  

Groups Wt % At % 

Fluoride P value vs. control 
BR 

Ca/P P value vs. control 
BR 

Fluoride P value vs. control 
BR 

Ca/P P value vs. control 
BR 

Control 
BR 

17.64 ± 1.352 – 1.989 ± 0.092 – 29.15 ± 1.937 – 1.536 ± 0.058 – 

Control 
AR 

4.740 ±
1.185* 

<0.0001 2.568 ±
0.2048* 

0.0001 8.84 ± 1.715* <0.0001 2.568 ±
0.2857* 

<0.0001 

F. varnish 12.06 ±
0.7393* 

<0.0001 2.866 ±
0.2703* 

<0.0001 23.60 ± 2.296 
* 

0.0002 2.796 ±
0.1649 * 

<0.0001 

B. glass 17.74 ± 0.881 
ns 

0.9999 3.027 ±
0.1993* 

<0.0001 33.57 ± 1.393 
* 

0.0026 3.252 ±
0.2410 * 

<0.0001 

Laser 7.087 ± 1.483 
* 

<0.0001 2.276 ±
0.1184 ns 

0.094 12.81 ± 1.690 
* 

<0.0001 2.254 ± 2.254 
* 

<0.0001 

(*) in the table indicates a statistically significant difference from the post-irradiated group whereas (ns) indicates a non-significant difference). 
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Netherlands) at a magnification of 2,000X to observe microstructural 
changes on the surface. 

2.5. Statistical analysis 

The study data were analyzed on Graph Pad Prism version 8.0.2 
software. P. values < 0.05 were regarded as statistically significant. Data 
were normally distributed in all groups. 

The paired-samples t-test was used to compare the weight and atomic 
percentages of some elements obtained from the control group samples 
before and after irradiation. One-way analysis of variance and post hoc 
Tukey tests were applied to compare between the study groups in terms 
of weight and atomic percentages of some elements obtained from the 
samples in the control groups and groups that received remineralizing 

agents. 

3. Results 

Intergroup comparison between post-irradiation and after the 
application of remineralizing agents has shown a statistically significant 
difference (P < 0.001). Pairwise comparisons between bioactive glass, 
fluoride varnish, and diode laser groups have shown that fluoride con
tent (wt.%&At%) significantly increased after the application of remi
neralizing agents, with the greatest increase in the bioactive glass group 
(II), followed by the fluoride varnish group (I), and the least increase in 
the diode laser group (III). Regarding the Ca/P ratio, there is a signifi
cant increase in the Ca/P ratio after the application of experimental 
bioactive glass in group (II), followed by an insignificant increase in the 

Fig. 3. SEM photomicrograph of enamel surface showing (a) Before radiation [control group], (b) After radiation [control group], (c) Bioactive glass group II, (d) 
Flouride varnish group I, (e) Diode Laser group III. 
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fluoride varnish group (I), with the least increase in the diode laser 
group (III). 

Weight and atomic percentage values (mean ± standard deviation) 
of the elemental contents of the specimens before and after irradiation 
are shown in Table 2 and Fig. 1. And between before, post-irradiated groups 
and after recieving reminralizing agents are shown in Fig. 2 and Table 3 (* in 
the table and graph indicates a statistically significant difference within 
before and after radiation whereas ns indicates a non-significant 
difference). 

3.1. SEM Results 

Scanning electron photomicrographs of enamel surfaces in different 
groups are shown in (Fig. 3). 

a: Before radiation (control) showed rough enamel surface with 
parallel ridges (perichymata), some mineral deposits as shown by the 
blue arrows. 

b: After radiation (control) showed rough enamel surface detecting 
perichymata some areas of enamel showed erosion as shown by the 
orange arrows. 

c: Photomicrograph of bioactive glass group (II) showed more 
aggregated and more fused mineral precipitation that completely covers 
the enamel surface. Also precipitation of particles of the material ap
pears in the photomicrograph as denoted by the white arrow. 

d: Photomicrograph of flouride varnish group (I) showed areas of 
mineralization and more mineral aggregation on enamel surface as 
shown by green arrow compared to control group. 

e: Photomicrograph of Diode Laser group (III) showed enamel rods 
and interrods as well as perichymata, mineral deposition, some minerals 
appear isolated (yellow arrow), while others appear clustered (red 
arrow). 

4. Discussion 

The occurrence of radiation-induced caries poses a significant chal
lenge, potentially leading to rapid deterioration of hard dental tissues. A 
crucial strategy in preventing tooth decay involves minimizing demin
eralization and promoting remineralization (Palmier et al., 2020). 

The study findings highlighted differences in mineral content values 
between irradiated enamel and its state before radiation. Radiation in
duces changes in the mechanical characteristics of hard dental tissues 

due to factors such as reduced saliva production, which occurs directly 
or indirectly after radiation (Kouri et al., 2021). It is essential to take 
precautions to anticipate potential complications during therapeutic 
doses (Dörr, 2018). 

In the present study, no demineralization protocol was done to the 
specimens to detect the impact of remineralizing protocols against 
therapeutic radiation’s destructive effect. Different devices can be used 
to determine crystal structure. In the current study, EDX was used for 
elemental analysis according to (Comar et al., 2018). Bioactive glass, 
fluoride varnish, and diode laser were used as remineralizing agents. 
Fluoride and bioactive glass, were delivered as a varnish for sustained 
release of calcium and fluoride ions for a longer duration (Sleibi et al., 
2019). In this study, fluoride varnish layer was undisturbed for 24 h after 
application, to allow remineralizing ions to be absorbed into the enamel 
surface (Rodemer et al., 2022). 

It was also concluded that bioactive glass was observed to reminer
alize and heal enamel lesions by filling demineralized areas (Dai et al., 
2019), and this agrees with the findings of this study. 

Recently, diode lasers have gained prominence in various dental 
applications. Studies have indicated that low-power lasers offer an 
alternative approach to cavity prevention (Moharam et al., 2020). 
Moreover, research has suggested that laser treatment, either alone or in 
combination with topical fluoride application, can enhance the resis
tance of teeth to decay. In this study, a 980 nm diode laser was employed 
due to its capacity to bolster enamel resistance against decay, reduce 
enamel solubility in acidic environments, and augment enamel surface 
hardness (Ahrari et al., 2018). Despite primarily being recognized as a 
soft tissue laser (Romanos, 2015) validated the use of diode lasers on 
hard dental tissues with the penetration depth of a 980 nm diode laser, 
that was shallower compared to erbium and Nd:YAG lasers. 

In the present study, fluoride content decreased significantly after 
radiotherapy, while the Ca/P ratio showed a slight increase, aligning 
with (Velo et al., 2018; Lu et al., 2019). Studies have reported that the 
application of remineralizing agents after radiotherapy decreases 
enamel mineral loss and preserves its external crystal structure, but it is 
somewhat impressive in preserving its mechanical properties (Qing 
et al., 2015; Hegde et al., 2019). 

Regarding the present study, the highest percentage of reminerali
zation was found in Bioactive glass group, which almost returned the 
mineral content to base line followed by fluoride varnish group, while 
the lowest percentage was found in diode laser group. The study results 

Fig. 3. (continued). 
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were consistent with a previous finding that concluded the remineral
izing effect of a toothpaste with bioactive glass on a demineralized 
enamel surface was significantly higher than the other tested groups 
(Mohapatra et al., 2019). 

Supporting the results of this study, the increased depth of remi
neralization was found in the Bioactive glass group, which was similar to 
(Abbassy et al., 2021) who also reported that a sustained fluoride release 
enhances remineralization. Concerning group III (diode laser), which 
showed the least increase in mineral content, this was in agreement with 
those of (Antunes et al., 2004) who stated that reduction in the mineral 
content after laser application is due to volatilization caused by heat 
generation. However, they used high-power Nd: a YAG laser, while this 
study utilized a low-power diode laser (Klarić et al., 2023). 

In the present study, SEM observed areas of more aggregated and 
fused mineral precipitations that completely cover the enamel surface in 
the bioactive glass group. Additionally, in the fluoride varnish group, 
there were areas of more mineral aggregation on the enamel surface 
than in the control sample. In the diode laser group, some mineral de
positions appeared isolated while others appeared clustered, compatible 
with (Thimmaiah et al., 2019). 

5. Conclusion 

This study demonstrates that radiation leads to alterations in enamel 
properties. Implementing various remineralization techniques after ra
diation exposure can mitigate its detrimental impact on dental enamel in 
patients with head and neck cancer. Bioactive glass has more reminer
alizing efficacy than fluoride varnish and diode laser. 

Recommendation: 
More studies are recommended to investigate the effects of experi

mentally synthesized reminralizing agents. 
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