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ABSTRACT

Introduction: Nutritional intake during pregnancy affects tooth eruption. The development of nano calcium is ex-
pected to increase calcium bioavailability but on the other hand, there are some concerns regarding its application 
because this product is chemically more reactive and has a low degree of excretion, which may lead to cellular tox-
icity. The goal of this study is to determine the effect of nano calcium and vitamin D intake during pregnancy on the 
eruption maxillary and mandibular incisors of Sprague Dawley rats. Methods: Pregnant subjects were divided into 
three groups, and each group was treated with Nano Calcium and Vitamin D, Micro Calcium and Vitamin D, and 
distilled water. Evaluation of the day of maxillary and mandibular incisors eruption, level of eruption, and eruption 
rate was conducted on rat pups. Results: Tooth eruption was faster in the Nano Calcium + Vit D Group (p < 0.05). 
The level of eruption on day 14 and 21 was also higher in this group (p < 0.05). No significant difference was ob-
served on the rate of eruption between groups (p > 0.05). Conclusion: The consumption of nano calcium and vitamin 
D supplementation during pregnancy and the breastfeeding period in Sprague Dawley leads to early eruption and 
can accelerate the eruption level of maxillary and mandibular incisors in Sprague Dawley pups.
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INTRODUCTION

Factors that affect dental eruption can be local or 
systemic. Local factors such as physical obstruction in 
the form of supernumerary teeth or the mucosal barrier, 
injuries to deciduous teeth, and abnormalities in tooth 
development may cause delays in dental eruption (1,2). 
Systemic factors such as nutrition, hormonal influence, 
certain diseases, and genetic influences also play key 
roles during the process of eruption (1,3,4).

Maternal nutrition status and personal diet can affect 
tooth development. Maternal intake of vitamins and 
minerals such as calcium, iron, phosphorus, and iodine 
impact fetal development of dentition. Calcium and 
vitamin D deficiencies in pregnancy will have significant 
effects on tooth development and integrity (4). The result 
of a study assessing the relationship between nutritional 
status and tooth emergence in the oral cavity shows that 
malnutrition is linked to delays in tooth eruption (5).

Tooth eruption is the last stage of tooth development 
(6). This process consists of several phases: the pre-
eruptive phase, the pre-functional eruptive phase, and 
the functional eruptive phase. Each dentition has its 
own sequence of eruption and timing. As the tooth starts 
to erupt, it will move oclusally within the bony crypt 
to accommodate root formation (7). Eruption of the 
maxillary and mandibular incisors in Sprague Dawley 
rats occurs on day10 and 11 after birth and certain 
factors may delay this process (8).

The development of nano products is intended to 
increase their beneficial applications. Nano products 
such as nano materials, nano foods, nano cosmetics, 
and nano medicines are developed to enhance the 
effectiveness of therapy and increase the product’s 
bioavailability (9,10). A product is considered a nano 
product if its dimensions are less or equal to 100 nm 
(11). Nano materials have different degrees of absorption 
and higher cellular penetration compared with micro 
materials (11).

Nano calcium releases more calcium ions, and the 
application of this material leads to higher calcium 
absorption (12,13). Previous research investigating the 
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release of calcium ions from nano calcium products 
compared with micro calcium found that the amount of 
calcium ion produced by nano calcium is 2 to 3 times 
higher (13). Even though the bioavailability of calcium 
is significantly higher in nano calcium products, there 
are some concerns regarding its application because this 
product is more reactive chemically and has low degree 
of excretion, which can lead to cellular toxicity (13–15). 
To our knowledge, no studies have examined the effect 
of nano calcium and vitamin D supplementation during 
pregnancy on the fetus’ tooth development especially 
on tooth eruption.

The results of our previous study showed that the 
administration of nano calcium and vitamin D during 
pregnancy in Sprague Dawley rats led to rapid 
deposition of enamel in pups (16). Tooth development 
itself is an ongoing process which consists of several 
stages: initiation stage, bud stage, cap stage, bell stage, 
root formation, and tooth eruption (6).  Theoretically, 
the completion of tooth crown development will induce 
the emergence of tooth in the oral cavity (17) so the early 
deposition of enamel after nano calcium and vitamin D 
supplementation might lead to early crown completion 
and hypothetically initiate early eruption. Therefore, 
the aim of this study is to examine the effect of nano 
calcium and vitamin D consumption during pregnancy 
on the day of eruption and eruption level of Sprague 
Dawley maxillary and mandibular incisors.
 
MATERIALS AND METHODS

This study was approved by Faculty of Dentistry 
Universitas Gadjah Mada Ethical Committee through 
Ethical Clearance Letter No. 00113/KKEP/FKG-UGM/
EC/2019.

Experimental animals and study design
The unit analysis for this study (n) were ten Sprague 
Dawley pups from each group. This number was 
generated by calculating the sample using calculation 
of sample size by power analysis (18). Ten Sprague 
Dawley pups were selected randomly from four Sprague 
Dawley mother rat in each group. In total, twelve female 
Sprague Dawley rats aged 12 weeks were mated with 
male Sprague Dawley rats and placed into three groups: 
a Nano Calcium and Vitamin D Group (Nano Calcium 
+ Vit D), a Micro Calcium and Vitamin D Group 
(Micro Calcium + Vit D), and a control group (Control). 
Detection of pregnancy in this study was performed by 
the observation of vaginal plug, which then was marked 
as day 0. The treatment was administered intragastrically 
to ensure the rats received the dose as desired once a 
day from the first day of pregnancy to day 21 after the 
birth of the pups. The selection of supplements used in 
this study was based on the types of calcium and vitamin 
D. The type of calcium and vitamin D supplementation 
used in this study, in both nano and micro calcium 
groups, was calcium carbonate and vitamin D3 (Nature’s 

Health Nano Calcium® and Calporosis®). The calcium 
product used in the study was a mixture of calcium 
carbonate and vitamin D3. The calcium dosage (both 
nano and micro) given to the rat was based on calcium 
recommendation for pregnant rats (19), which is 252 mg 
/ day per 250-300 grams of body weight and the dosage 
for the Vitamin D3 was based on the dosage of the 
calcium which was 84 IU / day per 250-300 grams of 
body weight since the supplement is a mixture of both. 
Distilled water was added to facilitate the intragastric 
administration. The control group in this study was 
treated with distilled water. The animal grouping and 
treatment were performed according to our previous 
study (16). 

Evaluation of maxillary and mandibular incisor eruption
The examination of maxillary and mandibular incisors 
was performed on ten pups from each group from 
day 7 to day 21 after birth. The first examination was 
conducted to evaluate the day of eruption on both 
teeth. Tooth eruption in this study was defined as the 
time the tooth emerges on the oral cavity (Fig. 1). The 
eruption level of maxillary and mandibular incisors was 
examined on day 14 and day 21 after birth by using 
a sliding caliper (Vernier Caliper Tricle Brand 0-150 
mm/6” x 0.05 x 1/128 in). 

Determination of the maxillary and mandibular incisor 
eruption rate
The eruption rates of maxillary and mandibular incisors 
on each pup were determined by using the result of 
eruption levels on day 14 and 21 according to this 
formula:
Eruption level on day 21 - Eruption level on day 14 
                                      7

Data analysis
The obtained data on Sprague Dawley pups’ day of 
eruption were analyzed by using a Kruskal-Wallis 
followed by a Mann-Whitney U test, meanwhile the 
data of the incisors eruption levels and the eruption rate 
were analyzed by using ANOVA and the LSD test. The 
level of significance used in this study is 0.05.

RESULTS

Maxillary and mandibular incisors day of eruption
The time at which the maxillary and mandibular incisors 
pierce the gingiva marks the day of eruption in Sprague 
Dawley pups (Fig. 1). The results (Fig. 2A and 2B) 
showed that the eruption of maxillary and mandibular 
incisors was faster in the Nano Calcium + Vit D Group, 
followed by the Micro Calcium + Vit D group. The 
acceleration of maxillary and mandibular incisors 
eruption was statistically significant based on the 
Kruskal-Wallis test (p < 0.05). A Mann Whitney-U test 
was performed subsequently to confirm the difference 
between groups. The acceleration of maxillary incisors 
eruption in the Nano Calcium + Vit D Group was not 
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Maxillary and mandibular incisor level of eruption on 
day 14 and 21
The level of eruption of maxillary and mandibular 
incisors was examined on day 14 and 21 (n = 3) and 
were summarized in Fig. 3A and 3B. The highest level of 
eruption of maxillary and mandibular incisors on day 14 
and 21 was found in the Nano Calcium + Vit D Group, 
followed by the Micro Calcium + Vit D Group. The 
ANOVA test confirmed the difference between groups (p 
< 0.05). An LSD test was performed subsequently, and 
from the results, it can be concluded that the difference 
in the maxillary and mandibular incisor level between 
the Nano Calcium + Vit D Group, the Micro Calcium 
+ Vit D Group, and control group was significant (p < 
0.05). 

Fig. 1: Eruption of maxillary incisors in Sprague Dawley pups. 
The black arrow shows the eruption of the maxillary incisor. In 
this study, the eruption of maxillary and mandibular incisors 
is defined as the time of tooth emergence into the oral cavity.

Fig. 2: Day of maxillary and mandibular incisor eruption. The 
day the maxillary and mandibular incisors pierced the gingiva 
was evaluated. The acceleration of maxillary and mandibular 
incisor eruption in the treatment group were statistically signif-
icant based on the Kruskal-Wallis test (p < 0.05).

significant compared with the Micro Calcium + Vit D 
Group (p > 0.05). However, these treatment groups 
were significantly different when compared with the 
control group (p < 0.05). On the other hand, the results 
for mandibular incisors eruption in the Nano Calcium + 
Vit D Group, Micro Calcium + Vit D Group, and control 
groups were significantly different (p < 0.05). 

Fig. 3: Maxillary and mandibular incisor level of eruption on 
days 14 and 21. The level of eruption in Sprague Dawley pups 
was examined on days 14 and 21. The difference between 
group was statistically significant (p < 0.05).

Maxillary and mandibular incisor rate of eruption
The eruption rate of the maxillary and mandibular 
incisors was examined and calculated by following the 
eruption level from day 14 to day 21 (Fig. 4). The result 
of this calculation showed that the rates of eruption of 
both maxillary and mandibular incisors in the three 
groups were not significantly different (p > 0.05).

DISCUSSION

As one of the most important nutrients needed during 
the development of hard tissues, calcium pays a key role 
during tooth development since it can regulate cellular 
activity and is related to several signaling pathways 
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incisor erupted mostly at day 11 after birth. This result is 
in accordance with a previous study that was conducted 
to evaluate tooth eruption in Sprague Dawley rats (8). 
The eruption of maxillary and mandibular incisors in the 
Nano Calcium + Vit D Group was previously compared 
with the other group. This result might explains why the 
eruption level on day 14 and day 21 after birth in this 
group was also higher. A previous study about the effect 
of nano calcium and vitamin D supplementation during 
pregnancy showed early development of enamel in the 
group treated with nano calcium and vitamin D (16). Early 
amelogenesis occurs because of early dentinogenesis, 
and this situation might lead to early crown completion, 
which then occured to early eruption.

Nano calcium products have higher calcium 
bioavailability compared with micro calcium products. 
This condition is probably caused by higher calcium ion 
release, which then leads to higher calcium levels in the 
body (13). On the other hand, micro calcium products 
with larger particle sizes releases lower calcium ion and 
this condition set to low calcium absorption (10,12). This 
could explain the significant difference of eruption level 
in the group treated with micro calcium and vitamin D 
compared with the group treated with nano calcium and 
vitamin D. 

The nano calcium and micro calcium supplementation 
used in this study was a mixture of calcium and vitamin 
D because by the time this study was conducted, no pure 
nano calcium supplementation was available on the 
market. The addition of vitamin D to calcium supplement 
products is known to promote calcium absorption, as 
the active form of vitamin D, 1,25(OH)2D3, is one of 
the main stimulators of calcium absorption mechanisms 
in the body (26). Therefore, it might increase calcium 
absorption in the Nano Calcium + Vit D Group as well 
as the Micro Calcium + Vit D Group. Beside affecting 
calcium absorption, the adequate intake of vitamin 
D during tooth development can also affect tooth 
development and the quality of the tooth (27). However, 
there are certain dietary factors that can still influence 
the calcium status in the body, such as phytic and oxalic 
acid. These compounds can be naturally found in some 
plants. Both phytic and oxalic acid can bind to calcium 
and inhibit its absorption  but the degree to which these 
compounds influence calcium absorption varies (28).

The results of this study indicated that nano calcium 
supplementation could be a good additional maternal 
supplementation since adequate intake of calcium and 
vitamin D during pregnancy can affect the process of 
tooth development and prevent delay in tooth eruption 
(29,30). However, in this study the evaluation of tooth 
eruption was only limited to the assessment of eruptive 
tooth movement since the maxillary and mandibular 
incisor of Sprague Dawley has continuous growth 
and eruption. Hence, in this study, it is not possible to 

(20,21). Evidence shows that this mineral acts as a 
second messenger and is involved in cellular motility and 
proliferation. In tooth development, cellular interaction 
is required from the beginning of the initiation stage to 
the eruption phase (22).

Tooth eruption is the last stage of tooth development. This 
process starts when the crown development is complete. 
Crown completion triggers the physiological process 
and acts as the contributory cause of bone resorption 
and root formation (17). This condition will lead into 
the emergence of the tooth in the oral cavity. Cellular 
interaction leads to the resorption of alveolar bone as 
the eruption pathway and the formation of alveolar 
bone below the tooth germ. All of these phenomena are 
regulated by the dental follicle (6,17).

As an organ which regulates tooth eruption, the dental 
follicle controls osteoclastogenesis and osteogenesis. 
The dental follicle governs the expression of important 
genes for tooth eruption, such as colony-stimulating 
factor-1 (CSF-1) and osteoprotegerin (OPG) (23). Besides 
these two genes, the dental follicle also regulates the 
expression of vascular endothelial growth factor (VEGF) 
and RANKL on the coronal area of the bony crypt. 
Failure in gene regulation can result in a failure of or 
delay in tooth eruption (24).

When the dental follicle prepares for tooth eruption, 
Cbfa1 (Runx2), an osteoblast-specific transcription 
factor, is expressed at a high level (24). The activation 
of Runx2 is related to the intracellular calcium level, 
as an increase in calcium ion leads to Ras activation 
and extracellular signal-related protein kinase (ERK) 
signaling pathway activation. The latter is very critical 
for Runx2 activation (25). 

The results of this study show that the maxillary incisor in 
the control group erupted at day 10 and the mandibular 

Fig. 4: Maxillary and mandibular incisor rate of eruption. The 
eruption rate was calculated by following the eruption level 
from day 14 to day 21. The rate of eruption of both maxillary 
and mandibular incisors in four groups showed no significant 
difference (p > 0.05).



Mal J Med Health Sci 16(SUPP15): 67-72, Dec 2020 71

Dent Assoc. 2017;148(8):595–603. 
3. 	 Oznurhana F, Sungurtekin E, Serife E, Ceren O, 

Aslı D, Delilbasie E, et al. Time and sequence of 
eruption of permanent teeth in Ankara, Turkey. 
Pediatr Dent J. 2016;26(1):1–7. 

4. 	 Ziegler J, Mobley CC. Pregnancy, Child Nutrition, 
and Oral Health. In: Touger-Decker R, Mobley CC, 
Epstein JB, editors. Nutrition and Oral Medicine. 
New York: Springer Science; 2014. 

5. 	 Heinrich-Weltzien R, Zorn C, Monse B, Kromeyer-
Hauschild K. Relationship between Malnutrition 
and the Number of Permanent Teeth in Filipino 10- 
to 13-Year-Olds. BioMed Res Int. 2013;2013:1–8. 

6. 	 Berkovitz BKB, Moxham GR, Holland BJ. Oral 
Anatomy, Histology and Embryology. 5th Ed. 
Amsterdam; 2017. 

7. 	 Nanci A. Ten Cate’s Oral Histology. 9th ed. 
Missouri: Elsevier; 2017. 

8. 	 Grier RL, Wise GE. Inhibition of Tooth Eruption 
in the Rat by a Biphosphonate. J Dent Res. 
1998;77(1):8–15. 

9. 	 Chaudhry Q, Scotter M, Blackburn J, Ross B, Boxall 
A, Castle L, et al. Applications and implications of 
nanotechnologies for the food sector. Food Addit 
Contam Part A Chem Anal Control Expo Risk 
Assess. 2008;25(3):241–58. 

10. 	 Igarashi E. Nanomedicines and Nanoproducts: 
Applications, Disposition, and Toxicology in the 
Human Body. Boca Raton: CRC Press Taylor & 
Francis Group; 2015. 

11. 	 Rizvi SSH, Moraru CI, Bouwmeester H, Kampers 
FWH. Nanotechnology and Food Safety. In: 
Boisrobert CE, Stjepanovic A, Oh S, Lelieveld HLM, 
editors. Ensuring Global Food Safety: Exploring 
Global Harmonization. Amsterdam: Academic 
Press; 2010. 

12. 	 Hu Q, Ji H, Liu Y, Zjang M, Xu X, Tang R. 
Preparing nano-calcium phosphate particles via 
a biologically friendly pathway. Biomed Mater. 
2010;5(4):041001. 

13. 	 Jeong MS, Cho HS, Park SJ, Song KS, Ahn KS, Cho 
M-H, et al. Physico-chemical characterization-
based safety evaluation of nanocalcium. Food 
Chem Toxicol. 2013;62(2013):308–17. 

14. 	 Vavrusova M, Skibsted LH. LWT - Food Science 
and Technology Calcium nutrition . Bioavailability 
and forti fi cation. LWT - Food Sci Technol. 
2014;59:1198–204. 

15. 	 Erfanian A, Mirhosseini H, Manap MYA, Rasti B, H. 
NM. Influence of nano-size reduction on absorption 
and bioavailability of calcium from fortified milk 
powder in rats. Food Res Int. 2014;66:1–11. 

16. 	 Sitosari H, Jonarta AL, Sumiwi YAA, Haniastuti T. 
Rapid enamel deposition on Sprague Dawley after 
nano calcium supplementation during pregnancy. 
Maj Kedokt Gigi Indones. 2018;4(3):120–6. 

17. 	 Millet D, Creanor S. Tooth Eruption and 
Development of The Occlusion. In: Creanor S, 
editor. Essential Clinical Oral Biology. 1st ed. New 

evaluate the post-eruptive movement of the tooth.

The rate of eruption of maxillary and mandibular 
incisors in Sprague Dawley pups showed no difference 
between groups. The examination for rate of eruption 
was performed by following the eruption level from 
day 14 to day 21 because in this period all incisor has 
erupted so even though earlier eruption and highest 
level of eruption were observed in the experimental 
group treated with nano calcium + Vitamin D and micro 
calcium + Vitamin D supplementation, these condition 
did not affect the evaluation of maxillary and mandibular 
incisor rate of eruption. The result of the rate of eruption 
obtained in this study is related to the activity of the 
dental follicle in ruling tooth eruption, since the dental 
follicle controls the mechanism of osteoclastogenesis 
and osteogenesis (23). A higher eruption level in the 
Nano Calcium + Vit D Group and the Micro Calcium 
+ Vit D Group when compared with the control group 
is probably related to the fact that the maxillary and 
mandibular incisors in these groups erupted earlier. 
Beside that, the results of this study also support 
our previous findings on the effect of nano calcium 
supplementation on tooth development. We previously 
reported that nano calcium supplementation during 
pregnancy in Sprague Dawley cause rapid deposition of 
enamel (16), which possibly results in early completion 
of crown development. Further studies addressing the 
effect of nano calcium and vitamin D supplementation 
on the expression of critical genes related to tooth 
eruption are needed to clarify whether nano calcium 
and vitamin D supplementation affect tooth eruption 
only by accelerating crown formation or also by altering 
gene expression.

CONCLUSION

From the results of this study, it can be concluded 
that the consumption of nano calcium and vitamin D 
supplementation during pregnancy and the breastfeeding 
period in Sprague Dawley leads to early eruption and 
may accelerate the eruption level of maxillary and 
mandibular incisors in Sprague Dawley pups.
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