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ABSTRACT 
The aim of the study was to evaluate a new treatment modality to decrease dental enamel demineralization via combing the effect 
of pulsed Neodymium Yttrium Garnet (Nd:YAG) laser (1064 nm) and Re-mineralizing paste(CPP-ACP containing sodium fluoride) 
regarding the tooth pulp chamber temperature elevation, calcium concentration dissolute from enamel surfaces and the dental 
enamel absorption of methylene blue stain by assessing (R red ,G green ,B blue)values. Sixty human permanent premolars were 
used for measuring calcium concentration dissolution and (R,G,B)s values. They randomly divided into six groups: the negative 
control group (A) received no treatment, and the positive control group (B) where the re-mineralizing paste was applied without 
laser irradiation. For the groups (C), (D), (E) and (F) the (1064 nm) pulsed Nd:YAG laser was used in two dose settings. The lower 
laser dose setting at (60 mJ) for the C and D groups,and the higher laser dose setting at (170mJ)for E and F groups respectively. 
Groups D and E in addition to laser irradiation the Re-mineralizing paste was applied.
The atomic absorption photometry test results showed that groups C, and D were statistically different compared to the groups 
A and B (p<0.001) in the reduction   of calcium dissolution, Whereas Groups E and F shown non-significant reduction in calcium 
dissolution compared to control groups. 
Twenty teeth were used to assess the temperature elevation during irradiation using a K-type thermocouple at 37 ± 0.5 ̊C, divided 
for ten teeth for each irradiation settings.  The maximum tempers of temperature test showed that the maximum temperature 
increases for group E was very high significant difference (p<0.05) over that of groups C.                                                     
The (R,G,B)s value test showed that groups C and D having lower affinity to absorb methylene blue stain, and  they are statically 
significant different compared to the groups A and B .while groups E and F showing a higher affinity to absorb methylene blue stain 
compared to control groups.
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  المستخلص                                           
ــر(  والمعجــون  ــو مت ــاك )1064 نان ــوم ي ــزر النبضــي نودمي ــر اللي ــا الاســنان  بواسطة مدج  تأثي ــل مين ــل تحل لاهدف نم هــذه اردلاسة هــو مييقت طــقيرة علاج جديدة لتقلي
الاضافــي )بيبتيــدات الفوســفات الجبنية-فوســفات الكالســيوم الغيــر متبلــرة مــع فلوريــد الصوديــوم(  ,بومــا لعتيق بترأفاع حرارة غرفــة لــب الســن ,تركيــز ذرات الكالســيوم 

وامتصــاص اســطح مينــا الاســنان لصبغةالميثليــن الزرقــاء.
ســتون مــن تيجــان ســنية مــن الضواحــك دائميــة مت قتسميها لاى ست مجموعتا, )أ(مجموعة قارملابة لاسلبية مل قلتتى اي علاج,)ب(مجموعة قارملابة يلااجابية حيث مت 
وعض عمجون بيبتيــدات الفوســفات الجبنيــة- فوســفات الكالســيوم الغيــر متبلــرة مــع فلوريــد الصوديــوم بدون تشعيع يللازر.  بنلاسبة مللجموعتا )ج( ,)د(,)هـــ( و)و( أستخمد 
يلزر الليــزر النبضــي نودميــوم يــاك )1064 نانــو متــر( بجرعنيت ليزريتيــن . لاجرعة يلازير المنخفضــة )6 واط ,60 ملــي جــول ,11 جــول /ســم2 ( بدون وعم المعجــون 
ــة ترملافعة )1.7 واط ,170 ملــي جول,32جول/ســم2( بدون وعم  والمعجــون الاضافــي للمجموعتيــن  ــي ولاجرعة الليزري ــى التوال الاضافــي للمجموعتيــن )ج( و)د( عل

)هـــ(و)و( علــى التوالي.
المجموعتيــن )د( و)و( اســتخدم عليهمــا معجــون معيــد التمعــدن بالاضافــة الــى التشــعيع بالليــزر.   تحليــل الامتصــاص الــذري بيــن ان المجموعتيــن )ج( و)د( كانتــا مختلفتيــن 

احصائيــا عــن   المجموعتيــن )أ(و)ب( و) معامــل تبايــن>0.001( فــي تقليــل تركيــز الكالســيوم .
ــة المنخفضــة. ــة والجرع ــة المرتفع ــعيعها بالجرع ــم تش ــنان ليت ــرة اس ــوي عش ــة تحت ــوائي كل مجموع ــكل عش ــن بش ــى مجموعتي ــمت ال ــل( قس ــن كام ــناً ) س عشــرون س
ــيلزية.                                                                     ــرارة 37±0.5 س ــة ح ــي درج ــراري ف ــاس ذو ازدواج ح ــاز قي ــتخدام هج ــطة اس ــعيع بواس ــال التش ــرارة خ ــر الح ــتبيان تأثي ــتخدمن لاس ــن اس ــهذ المجموعتي ه
ــة للصبغــة  ــة امتصــاص قليل ــن )ج( و)د( لهمــت قابلي ــن ان المجموعتي ــات بي ــا العين ــة درجــة امتصــاص الصبغــة مــن مين ــك لمعرف مقادير)الاحمر,الاخضــر,الازرق( وذل
ــاء  ــة لصبغــة المثليــن الزرق ــة امتصــاص عالي ــة للمجموعتيــن )ا( و)ب(.بينمــا المجوعتيــن )ه( و)و(كانــت لهمــا قابلي ــا مختلفتيــن احصائيا«بالمقارن ــاء وكانت الميثيــل الزرق

ــة.                                                           ــي المقارن ــة لمجموعت بالمقارن

INTRODUCTION
Dental caries is continuous most prevalent 

disease during childhood and Adolescence (1). Dairy 
products including milk, milk concentrates and cheese 
have long been known to exhibit anti-caries activity 
where the responsible components being identified 
as casein, calcium and phosphate. The repair of early 

tooth enamel lesions has been recently demonstrated 
by tryptic phospho-peptides derived from milk caseins 
that associate with amorphous calcium phosphate 
forming stable complexes (2). In addition to fluoride, 
a casein phosphopeptide- amorphous calcium 
phosphate (CPP-ACP) and fluoride containing CPP-
ACP  pastes have also been recommended for caries 
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prevention and enamel remineralization (3,4,5). Since 
the 1960s, it has been consistently confirmed that 
lasers can significantly increase the acid resistance 
of enamel, and when associated with fluoride, a 
significant synergism between them   as been shown 
in the reduction of enamel solubility (6).                                                                             

The use of lasers in caries prevention was first 
suggested in 1972 using a ruby laser, since then, 
many investigations related to the application of other 
lasers, such as argon, CO2, and Nd:YAG lasers, in the 
area of preventive dentistry, have been carried out and 
laser irradiation has been proposed as an adjunct to 
conventional caries prevention therapies(7). Combing 
the effect of laser irradiation with re-mineralizing 
agent therapies, conducted that can be increase the 
resistance of tooth structure to mineral loss from the 
organic acids involved in dental caries(8,9).Recently 
there are no studies addressing the combining the 
effect pulsed Nd;YAG laser  and  CPP-ACP with 
sodium fluoride paste on decreasing dental enamel 
de-mineralization ,either the  evaluation the effect of 
methylene blue stain of laser irradiating dental enamel 
surfaces. New approaches for caries prevention by 
using lasers effect combined re-mineralizing agent 
providing calcium and phosphate in addition to 
flouride for increasing the tooth mineral resistance 
needed,this study aimed to evaluate the effect of 
energy densities of pulsed (1064 nm) Nd:YAG laser 
on reducing  human dental enamel de-mineralization, 
investigate the effect combing pulsed Nd:YAG laser 
with Casein-Phosphor-Peptide-Amorphous Calcium 
Phosphate containing 0.2% sodium   Fluoride  
on reducing dental enamel, measurement of the 
temperature increase of the selected energy densities, 
measurement the Calcium atoms concentration in 
part per million (ppm) to determine the reduction of 
dental enamel demineralization, and measurement of 
the (R,G,B) values as an indicator of the absorption of 
Methylene blue stain by demineralized dental enamel 
surfaces.  

 MATERIAL AND METHODS
Eighty sound extracted human first premolars 

extracted for orthodontic purposes 14 - 27 years 
used in this vitro study. Sixty teeth were used for 
ions analysis and digital photographic colour value 
analysis .Sample surfaces were examined with the 
stereomicroscope X10 to check surfaces were free 
of detectable white spot lesions. The teeth were 
washed and debride of attached tissue by curette and 
ultrasonic. The teeth were then polished with fluoride-
free prophylaxis paste. All prepared teeth were stored 

in deionized water with 0.1%thymol solution at 4Co. 
The solution was changed on weekly basis until the 
teeth were used. 

The samples coated with nail varnish leaving 
circular window of 4mm in diameter. Then they split 
into two halves mesio-distally and horizontally at the 
cemento-enamel junction by disc saw mounted on 
low speed handpiece under running distilled water.

Samples irradiation
Samples irradiated by two doses of pulsed 

Nd:YAG laser (Han’s Laser system Pulsed 
Nd:YAG laser,PB 80, manufactured by Han’s Laser 
Technology, Co.Shenzhen, China) ,60mJ  (0.6 W) , 
and 170 mJ(1.7W),pulse width 1 ms ,irradiated three 
times  for three seconds with cooling interval 15s . 
Re-mineralizing paste was applied on the samples for 
three minutes and repeated four times, then exposed 
for laser irradiation and acid challenge by incubate 
them at controlled temperature of 37°C in 3 ml of 
Acetate-buffer solution pH value of 4.5 for 48 hours. 
The solution then analysed by an atomic absorption 
spectrophotometer in Ibn Sina .Co. Iraq.
Thermal test

The tooth was used in a hot water bath. The 
K-type of Basic accuracy (0.05% rdg±0.3 Celsius) 
thermocouple was inserted into pulp chamber on 
the opposite site to the irradiated widow the thermal 
grease of thermal conductivity >0.6W/m-k injected 
inside the pulp chamber for better contact between 
the thermocouple and the dentine surface.
Colour test

The samples were immersed in 2% methylene 
blue solution for one minute.The access removed by 
gauze, the each sample photographed by using high 
Nikon camera (D3300,Tokyo,Japan) and computer 
image processing software Adobe Cs2 2014 on 
windows 8 the (R, G, B) values were measured to 
assess the dental enamel colour changing. 
 RESULTS

The temperature test results for each sample of 
group C and E respectively analysed by descriptive 
statistics,and Student’s t-test showing very high 
statistical significance group E over group C (Table 
1)of (p<0.05). Thicknesses measurements of both 
enamel and dentine measurement values for groups C 
and E showing no statistical significance between the 
tested groups (Table2).

Atomic absorption analysis done by using 
ANOVA test that shows a very high significant 
difference (p<0.0001) between and within tested 
groups for of calcium concentration in part per 
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million (ppm) (Table 3).Calcium concentrations were 
decreased for lower laser does but the significant 
reduction in lower laser dose with MI plus paste.

Colour (R, G, B) values analysis measurements 
analysed by ANOVA test that shows a very high 
significant difference (p<0.0001) for(R, G, B) values 
for all samples of each group respectively (Figure1). 
Groups C and D are significantly different in absorbing 
methylene blue stain in comparison to other groups.

DISCUSSION
The temperature was measured for group C 

(60 mj), and group E (170 mj) to insure that the 
used parameters were not harmful for the dental 
pulp tissue(13).The light should be transformed into 
heat in an efficient manner without causing thermal 
damage to the adjacent or subjacent tissues, the 
maximum temperature inside the pulp recorded for 
GC and GE were 2.5oC, and 4.7 oC respectively, 
with maximum average enamel and dentine wall 
thicknesses measured 3 mm and 3.1 mm respectively. 
Both temperature records of GD and GE seems fall 
within the safety limits, so there is agreement with the 
study(14). According to Beer–Lambert’s law (the basic 
law of thermodynamics) ,which states that there is an 
inverse relation between the thickness of the matter 
and the temperature deposited on it: dQ = m c where 
(dQ) is the heat content, (m) represents tooth mass, 
(c) is the heat capacity and (dT) is the linear change in 
the temperature.A hole was made opposite the lasing 
area, so that the thermocouple inserted inside the 
pulp chamber was isolated by the tooth structure, and 
may not detect the heat dissipated to that medium. A 
thermal compound was used inside the pulp chamber 
to prevent a gap formation between the thermocouple 
and the dentin (15).

The acetate acid present in this solution was one 
of the three main acids produced by cariogenic plaque 
and, therefore produce the required demineralization 
pattern (16).

The lower Calcium concentrations observed 
in group C (60 mJ), and group D (60mj with re-
mineralizing paste), with reduction in (Ca+2) in 
ppt. percentage of (25.7%, 21.75%) for group 
C with respect to negative and positive controls 
group respectively, While group D shows reduction 

percentage of calcium atoms concentration (33.34%, 
29.8%) as compared with negative and positive 
controls groups respectively. The reduction of 
Calcium dissolution is probably due to a reduction of 
permeability of enamel(17), a lower penetration of acid 
inside the underneath layers, and prominent chemical 
and mineral content changes(18) ,this is agree with 
the pervious study (19,20).While the GE(170 mj) and 
GF(170mj with MI paste plus)they are not showing 
a significant reduction in calcium concentration 
compared to GC and GD this is may be due to the 
energy dose that used for (GE and GF) was high to 
producing enamel acid resistance.

R, G,B values are the three basic component of 
digital image. the colour assessment widely used in 
dentistry(21), and measurement of RGB value newly 
introduced as a new method for demineralization 
detection (22).the using a digital camera is an alternative 
way to use a color meter, so it is easy and low coast 
technique(23).The analysis used in this experimental 
research to show if there are any deference of tested 
groups to absorb methylene blue stain, and hence 
indicate the effect of acid dissolution on dental 
enamel samples. The results show a highest R,G and 
B values for GC and GD as compared to the groups A 
and B . These high values indicate brighter color and 
therefore less permeability of enamel surfaces, which 
means less demineralization, so there is agreement 
with other proposal(24). However R,G,B values for 
groups E and F were not significantly different from 
control groups that indicating a higher absorption of 
methylene blue stain.Also this test results may agree 
with the atomic absorption test results for groups 
C and D that showing lesser calcium concentration 
dissolution, that means the less demineralized enamel 
surfaces are poorly absorb stain . 
CONCLUSION

The pulsed Nd:YAG laser of(60 mj ,11j/cm2 ) 
combing with Casein- Phosphor-Peptide-Amorphous 
Calcium Phosphate with Fluoride decreasing dental 
enamel demineralization.

The temperature elevation during using pulsed 
(1064 nm)Nd:YAG laser at(60 mj and 170 mj) was 
safe to the dental pulp ,and the colour analysis test 
showed decrease in stain absorption of enamel 
surfaces treated with (60 mj) combined with the re-
mineralizing paste . 

Table1: Student’s t-test of thermal records

Group Means S.D t-test P-value Sig.
C 2.22 0.131

35.77 0.0001 VHS
E 4.49 0.152
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Table2: Student’s t-test for thickness measurement between (C) and (E) groups.

Group Means S.D t-test P-value Sig.
C 2.92 0.079

0.448 0.66 NS
E 2.94 0.117

 
Table3: multiple comparisons indicate significant differences in level among the groups for (Ca) in ppt.

GROUPS Mean ± S.D
Group A 108.85± 11.28 (a)
Group B 103.36± 8.58 (a, b)
Group C 80.87± 2.6 (c)
Group D 72.56± 2.078 (d)
Group E 96.7± 2.1 (b,e)
Group F 89.45± 3.6 (e)

 

Figure1:( R,G,B) values for all samples of each group
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