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ABSTRACT

Introduction: Gamma radiation is usually used, as a primary or supplementary 
treatment, for oral cancer patients.  Aim: The present work was undertaken to investigate, 
in vitro, the effect gamma irradiation of a cumulative dose of 60 Gy (20 Gy/day over 
three days) on enamel and dentin microhardness before and after demineralization 
and remineralization. Materials and methods: Ten healthy freshly extracted human 
third molars were used in this study. The teeth specimens were cut perpendicular to 
their occlusal surface into two halves. Half of the specimens were gamma-irradiated 
to a dose of 60 Gy (20 Gy/day). The data involved the measurement of VHN Vickers 
microhardness on both radiated and non-irradiated. Results: The results indicated that 
the mean microhardness values of the non-irradiated enamel samples were decreased 
after gamma irradiation, and were significantly decreased after demineralization; 
meanwhile, the microhardness values of the demineralized non-irradiated enamel 
samples were significantly increased after remineralization. The results showed that 
the microhardness of the demineralized non-irradiated dentin samples was increased, 
and that the microhardness of the gamma-irradiated dentin samples was slightly 
decreased. Conclusions: gamma-irradiation had significant effect on enamel and dentin 
microhardness values and had significant decrease effect on demineralization of enamel 
while had significant increase by remineralization. 

INTRODUCTION

Gamma radiation therapy is still used in the treatment of patients 
with oral cancer(1,2), but it might have serious negative dental and oral 
effects. Orofacial tissues, oral mucosa, salivary glands, taste, dentition, 
periodontium, bone, muscles, and joints are all affected by radiation(3). 
The impact of radiotherapy on the structure of the teeth is, however, a 
subject of scant research. It was discovered that after irradiation, the 
radiolysis of water, which oxidizes the organic components of dental 
structure, has an impact on the mechanical properties of teeth. Caries 
developments occur on enamel surfaces, which are typically resistant 
to decay(4,5). The patients’ pain response, atrophying pulpal tissue, and 
delayed treatment requests are common. Therefore, it is crucial to un-
derstand whether radiation caries results from a direct, indirect, or com-
bined impact on teeth(6). There are effects that follow the harmful effects 
of this kind of radiation on the head and neck area. 

DOI: 10.21608/dsu.2024.204452.1167

Manuscript ID: DSU-2304-1167

KEYWORDS

Demineralization; 
Enamel; Dentine; Gamma 
irradiation; Microhardness; 
Remineralization

•	 E-mail address:  
dentist.rehab@ yahoo.com

1.	 Dentist, Health Radiation Re-
search Department, National 
Center for Radiation Research 
and Technology, Egyptian 
Atomic Energy Authority.

2.	 Professor of Operative Dentist-
ry, Faculty of Dentistry, Suez 
Canal University, Egypt. 

3.	 Professor of Dentistry, 
Health Radiation Research 
Department, National Center 
for Radiation Research and 
Technology, Egyptian Atom-
ic Energy Authority.

EFFECT OF GAMMA-RADIATION ON DE- AND RE-MINERALIZATION  
OF ENAMEL AND DENTIN (AN IN-VITRO STUDY)

Rehab M. Osama Ahmed Hassan1, Ahmed Fawzy Abo Elezz2, Eman Mohamed Elmaghraby3, 



102

Rehab M. Osama Ahmed Hassan1, et al.

The majority of side effects temporary, includ-
ing mucositis, sensitive or painful soft tissues, os-
teoradionecrosis of the jawbone, and taste loss(7). 
Other effects, such as trismus, changes in the bacte-
rial microflora and proteins, and muscles atrophy in 
the jaw region, are more long lasting. Patients who 
are recovering from radiotherapy must change their 
eating habits to include more soft foods in order to 
gain or maintain weight.  The threshold for salivary 
gland damage is 30 Gy; after this point, the damage 
to the glands is irreversible(8,9). It is still unknown 
what causes teeth to fall out: changes to the dental 
hard tissues, hyposalivation, modifications to oral 
hygiene, or high doses of radiotherapy are admin-
istered to patients with head and neck cancer. (10,11). 
The volume and location of the radiation, the total 
dose, the fractionation, the patient’s age, their clini-
cal status, and any accompanying treatments all af-
fect how severe these reactions are. These reactions 
can happen during the acute phase (during or within 
the first weeks of treatment) or in the chronic phase 
(months or years after the radiotherapy). There is 
little information available regarding how gamma 
radiation affects enamel microhardness and resis-
tance to demineralization (12). Many investigations 
were made on the effects of gamma irradiation on 
the demineralization and remineralization of enam-
el and dentine, in which polarized light microscope, 
mineral analysis and scanning electron microscope 
have been used to evaluate this effect. According to 
our knowledge, there is a shortage in the studies that 
evaluating the effects of gamma irradiation by the 
measurements of the mechanical properties in terms 
of microhardness. Thus, the importance of this 
work is the use of gamma radiation, as a new tech-
nique, evaluating its effect on the microhardness of 
enamel and dentin before and after demineralization 
and remineralization.

MATERIAL AND METHODS

The study was waived from ethical revision.

Samples collection and preparation 

Total number (n=10) of Tooth was collected; it 
was made sure that the used teeth had any caries, 
restorations, surface defects or cracks. The teeth were 
then thoroughly washed, scraped to remove shreds 
of periodontal ligament, ultrasonically scaled to 
remove plaque and calculus and then the teeth were 
polished, and water coolant. The teeth were kept in 
de-ionized water at 5oC in a refrigerator. Specimens 
were cut perpendicular to their occlusal surface 
into two halves. The twenty halves were divided 
into two groups, ten halves for enamel treatment 
and the remaining halves for dentin treatments. The 
dentin surfaces were further polished using a silicon 
abrasive paper for 20 seconds to standardize the 
smear layer (13).  Desensitizing materials (potassium 
nitrate plus sodium fluoride gel) was mixed in a 
separate cleaned and dry glass slabs with standard 
measure (3 grams of powder and 2mm3 liquid. 
The teeth were brushed with mixed desensitizing 
materials by a brush and kept on enamel and dentine 
surfaces for five minutes and after that, they were 
washed with distilled water for 15 seconds (14).

Gamma irradiation

Half of the specimens (n=10) specimens, for both 
enamel and dentin exposed to gamma irradiation 
dose of 60 Gy (20 Gy day after day), where the 
other half not exposed to gamma irradiation. The 
irradiation was performed at National Centre for 
Radiation Research and Technology, Egyptian 
Atomic Energy Authority, Cairo, Egypt, using  
137 Cesium Gamma Cell 40 at a dose rate of  
1.657 kGy/h at the time of experiment.
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Preparation of deminerlizing solution

The deminerlizing solution contains 2.2% mM 
(Ca), 2.2% mM (PO4), 50 mM (acetic acid) and 
the solution was adjusted at pH 4.4. Each sample 
was placed in 50 ml of deminerlizing solution 
and solution is changed every 12 hours (15), all the 
specimens were stored in the deminerlizing solution 
for 2 days.

Preparation of remineralizing solution

The remineralizing solution was prepared ac-
cording to a standard reported method at pH 9.9(16). 
The procedure can be summarized as follows:

1.	 In a Teflon container, 0.856g KCl powder, 
0.1525 g MgCl2-6H2O, 2.776 g NaCl powder, 
1.1341g NaHCO3 and 0.3549g Na2HPO4 
powder were added to 500 mL of deionized 
water and stirred until completely dissolve. 
Then, 0.2505 g Ca metal was added and stirred 
at 500 rpm for 20 minutes at room temperature.

2.	 The formed precipitate was filtered by using 
a No. 42 filter paper and the precipitates were 
washed with about 750 mL of deionized water. 

3.	 The precipitates were dried at room temperature 
for 48 hours. 

4.	 Amorphous calcium phosphate powders 
consisting of nano-spheres was ready.

Microhardness measurement

The microhardness of the teeth’ samples were 
measured before and after demineralization using 
digital display Vickers microhardness Tester, 
Shmadzu, HMV.2 series, Japan. A load of 100 gm 
was applied to the surface of enamel or dentin for 
30 seconds. The diamond shaped indentations were 
carefully observed under the microscope. Vickers 
microhardness values MHV according to the 
following equation:

MHV=0.1891 x (F/d2)

Where MHV is the microhardness in Kgf/mm2, 
F is the load and d in µm is the average of the two 
diagonals length in mm.

Statistical analysis            

The analysis of variance using ANOVA tests 
of significance was applied to compare variables, 
which affecting the mean microhardness of enamel 
and dentine samples. 

When the significance level (p) value was  
P> 0.05 = non-significant, P< 0.05 = Significant and 
P< 0.001 = highly significant.

The second T in dependent test was used to 
compare between sound tooth (To) structure and 
between each group (T1, T2 and T3) separately.

RESULTS

The mean microhardness of the non-irradiated 
enamel sample (ER0) was 239.90 (kg/mm2). After 
gamma irradiation, the mean microhardness value of 
enamel samples (ER) was 227.55 (kg/mm2). Thus, 
the mean microhardness value of enamel samples 
was deceased by 5.15% after gamma irradiation. 
The results showed that the mean microhardness 
value of the non-irradiated enamel samples after 
demineralization (Me1R1) was decreased to 215.70 
(kg/mm2), Meanwhile, the mean microhardness 
value of the gamma- irradiated enamel sample 
(ER) was decreased from 227.55   (kg/mm2) to 
210.64 (kg/mm2) after demineralization (Me1R1). 
Meanwhile, the gamma- irradiated enamel samples 
(ER) was decreased to 217.72 (kg/mm2) after 
remineralization (Me2R1).  These data indicate that 
the mean microhardness of non-irradiated enamel 
sample was decreased by 10.09 and 1.79% after 
demineralization and remineralization, respectively. 



104

Rehab M. Osama Ahmed Hassan1, et al.

The gamma- irradiated enamel sample was deceased 
by 7.43 and 4.32 % after demineralization and 
remineralization, respectively Figure 1. 

Fig. (1) Mean microhardness of enamel before and after 
gamma irradiation and followed by demineralization 
and remineralization.

The mean microhardness of the non-irradiated 
dentin sample (DR0) was 58.78 (kg/mm2). After 
gamma irradiation, the mean microhardness value 
of dentin samples (DR) was 55.05 (kg/mm2). Thus, 
the mean microhardness value of dentin samples 
was deceased by 6.55% after gamma irradiation. 
The results showed that the mean microhardness 
value of the non-irradiated dentin samples after 
demineralization (Md1R1) was decreased to 54.63 
(kg/mm2), Meanwhile, the mean microhardness 
value of the gamma- irradiated dentin sample (DR) 
was decreased from 54.63  (kg/mm2) to 50.18 (kg/
mm2) after demineralization (Md1R1). Meanwhile, 
the gamma- irradiated dentin samples (DR) was 
decreased to 52.08 (kg/mm2) after remineralization 
(Md2R1). These data indicate that the mean 
microhardness of non-irradiated dentin sample was 
decreased by 7.06 and 2.09% after demineralization 
and remineralization, respectively. The gamma- 
irradiated enamel sample was deceased by 8.84 and 
5.40 % after demineralization and remineralization, 
respectively Figure 2. 

Fig. (2) Mean microhardness of dentin before and after gamma 
irradiation and followed by demineralization and 
remineralization.

DISCUSSION

Gamma radiation is frequently used to sterilize 
and treat medical supplies as well as to treat food(17,18). 
It has also been used to sterilize bone allograft in 
orthopedics (19–21).  Gamma radiation was applied to 
non-caries extracted teeth at doses up to 2 kGy to 
sterilize. Higher radiation doses might be required 
if carious teeth are used(22,23). With therapeutic 
advances in head and neck surgery and radiotherapy, 
the quality of life for patients with head and neck 
tumors is improving(5). The mechanical strength 
of enamel and dentin can therefore eventually be 
altered by radiotherapy(6). Patients receiving head 
and neck treatment should be aware of the serious 
harm gamma radiation causes to the organic dentin 
components (collagen matrix, odontoblastic, and 
pulp complex). The increased risk of radiation tooth 
decay linked to changes in salivary function, a shift 
in the microbiota, and a diet high in carbohydrates 
may be a result of these effects on the dental 
substrate, particularly in the dentin (24).

Enamel, the body is toughest and most 
mineralized tissue. Dentin, which is mineralized 
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tissues that exhibit the bony inorganic content,  
forms the root.  The nearly 96 percent mineral 
content of enamel makes it very hard and brittle, 
prone to cracks and fractures (25,26). Dentin, on the 
other hand, has a variable elasticity modulus. In 
contrast to enamel, dentin has a lower microhardness 
and a unique response to tensile strength due 
to the collagen content and orientation of the 
tubules. Crystalline calcium phosphate occupies a 
substantial portion of the inorganic enamel matrix, 
setting it apart from other mineralized tissues (4) and 
the remaining 4 percent is made up of water and 
protein. Biological apatite is a family of minerals 
that includes the minerals that are present in human 
teeth. It was produced by the mineral calcium 
hydroxyapatite (Ca10(PO4)6(OH)2) 

(25, 26).

The hardness of enamel and dentin has been 
measured using a variety of techniques, including 
abrasion, pendulum, scratching, and indentation 
techniques(27).  The Knoop diamond indenter is one 
common type. However, a hardness test is an inex-
pensive, repeatable, and relatively simple test.  In 
the current study, the microhardness of the teeth was 
assessed both before and after exposure to gamma 
radiation at a cumulative single dose of 60 Gy.

It was observed that the dentin samples are less 
sensitive to gamma irradiation than the enamel 
samples based on the data obtained in the current 
work.  This result is consistent with earlier studies(28). 
In this regard, after receiving a cumulative dose 
of 60 Gy of gamma radiation, it was -recorded 
that the mean microhardness of enamel that had 
not been exposed to radiation had decreased from 
239.90 to 227.55 (kg/mm2) with loss in the mean 
microhardness value 4.31%. The non-irradiated 
dentin’s mean microhardness, dropped from 58.77 
to 55.05 (kg/mm2) with loss 6.33%, the results are 
consistent with earlier studies that inferred this 
effect to denaturation of the organic dental substrate 

substrates (29–31). In the dose, range of 0.2-6.0 Gy, 
the impact of gamma radiation on the hard dental 
tissues (enamel surface, dentinal tubules, and 
cementum surface) was assessed using scanning 
electron microscopy for doses up 0.5 Gy. No signs 
of cracks on the enamel surface were observed, 
with a 1.0 Gy dose of irradiation, cracks were easily 
seen in specific locations, whereas with a 2.0 Gy 
dose, the enamel displayed morphological changes 
as disturbed prismatic and interprismatic areas (32). 
Impact on the mechanical properties of dentin or 
enamel was observed for the radiation doses used 
in the present study. The non- irradiated enamel 
and dentin samples, which reached 239.90 and 
58.78 kg /mm2, has significant difference when 
compared to gamma irradiated enamel and dentin 
samples, which reached 227.55 and 55.05kg/mm2, 
respectively. Meanwhile, there is significance 
between non- irradiated enamel and dentin samples 
followed by demineralization, which reached 
215.70 and 54.63 kg/mm2, respectively. In addition, 
significant difference was seen when comparing 
non-irradiated enamel and dentin samples after 
remineralization, which reached 235.60 and 
57.55kg/mm2, respectively.

In the current study, because of demineraliza-
tion, the samples of gamma-irradiated enamel and 
dentin microhardness values reached 210.64 and 
50.18 kg/mm2, respectively. This revealed a sig-
nificant difference in these samples. Additionally, 
a difference of 217.72 and 52.08 kg/mm2, respec-
tively, was observed between enamel and dentin 
microhardness values that had undergone gamma 
irradiation following remineralization.  The impact 
of radiation on the enamel structure surface micro-
hardness of irradiated and non-irradiated enamel 
was assessed utilizing a 25-kGy dose of gamma 
radiation(33). Furthermore, to test enamel resistance 
to demineralization, both irradiated and nonirradi-
ated teeth were subjected to a pH-cycling model.  
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According to the findings, the 25-kGy medical gam-
ma radiation dose has no impact on the enamel’s 
hardness or resistance to demineralization. The 
structural alteration seen in the hydroxyapatite crys-
tals of the radiation treated enamel and dentin was 
used to explain this behavior because it would in-
crease the solubility in the mouth. There may be a 
gradient in the solubility or rate of dissolution of the 
enamel, which could account for the flattening of the 
enamel surface and the increased mineral loss seen 
in the abraded enamel slabs. This behavior was also 
attributed to the higher mineral content in the outer 
enamel as well as the concentration and distribution 
of some trace elements found in the enamel (34,35). 
Additionally, these results are consistent with earlier  
studies(36,37).

CONCLUSIONS

Gamma-irradiation had significant effect on 
enamel and dentin microhardness. Gamma-irradi-
ation had significant decrease effect on demineral-
ization of enamel while had significant increase by 
remineralization in microhardness but not reach to 
original microhardness value. For dentin, gamma-
irradiation had non-significant on both demineral-
ization and remineralization processes.
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