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Abstract 
 

Background : The first permanent teeth that erupt in the oral cavity is the first permanent molar, which has a high risk of extraction due 

to caries. Functionally, permanent second molars can replace the function of permanent first molars. Permanent second molars erupt at 

the age of 11-15 years. The eruption of teeth can be influenced by environmental factors. One of the environmental factors is the geo-

graphical conditions. Geographical conditions, such as in coastal areas, will affect the economic conditions and consumption patterns of 

people living in the area, so it is possible that this can affect tooth eruption. Aims and Objectives : This study aimed to examine the erup-

tion phase of the second permanent molar in children aged 11-15 in the coastal Puger district, Jember. Study Design : This study is a 

descriptive observational study with a cross-sectional approach. Materials and Methods: The sample was 100 pairs of study models of 

children aged 11-15 years who lived on the coastal area of Puger. Results : Observed eruption phase of permanent second molars in max-

illary and mandibular study models and classified into four phases: 0.00 = tooth not erupted, 0.25 = cusp erupted until quarter of the 

height of the tooth is erupted, 0.50 = half of the height of the tooth is erupted, 1.00 = tooth has more than half until the whole clinical 

crown erupted. Conclusion : The results showed that the children on the Puger coast had a faster eruption time, in addition, the mandibu-

lar teeth erupted earlier than the maxillary teeth and needed 3 years to reach full eruption. 
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1. Introduction 

Tooth eruption is a natural physiological mechanism by which the teeth sequentially cut through the gingiva into the oral cavity.[1] Erup-

tion is the mechanism of growth responsible for bringing a tooth from its crypt location via the alveolar process into the oral cavity to its 

final occlusion position with its antagonist, a complex process requiring the completion of root development and periodontium estab-

lishment and the preservation of a functional occlusion.[2] This local process is regulated by genes expressing in the dental follicle, at 

critical periods following a precise chronology, bilaterally coordinated with facial growth.[3] 

Unlike the third molars, in first and second permanent molars eruption abnormalities are relatively rare, estimated at 0.06% by Prece and 

Grover reported similar prevalence, at 0.08% for second maxillary molars and 0.01% for first mandibular molars.[3] More recently, con-

siderably higher prevalence rates were reported in retrospective studies based on orthodontic consultation records: 2.3% for second molar 

eruption abnormalities as a whole, comprising 1.5% ectopic eruption, 0.2% impaction and 0.6% primary failure of eruption (PFE), and 

up to 1.36% permanent second molar iimpaction according to Cassetta et al.[4] Second molar retention is generally discovered serendipi-

tously, being asymptomatic in 68.5% of cases.[5] 

The eruption sequence, influenced by several local and systemic causes, may be delayed or accelerated. While permanent teeth eruption 

is under important genetic control, this process can be affected by numerous general factors such as sex, socioeconomic status, craniofa-

cial morphology, body composition and metabolic disorders.[6] Delayed tooth eruption is a recorded consequence of childhood hypothy-

roidism, a disorder developed when the thyroid, a major regulator of metabolism, is underactive.[7] Conversely, earlier eruption of per-

manent teeth has been observed in overweight and obese children and those with diabetes mellitus.[8] Early eruption of permanent teeth 

could be for premature loss of primary teeth if the loss occurs within one year before eruption. But if the extraction is done at a very 

young age, the eruption of teeth is delayed.[9] Delayed eruption is associated with local and systemic factors such as mucosal barriers-scar 

tissue including trauma, surgery, supernumerary teeth, injuries to primary teeth, ankyloses as local factors and nutrition: Vitamin D-

resistant rickets, celiac disease, hypothyroidism (cretinism), hypopituitarism as systemic factors.[6] 

People living in the coastal areas of Puger usually have a low socioeconomic level due to the uncertainty of fishing.[10] Children raised in 

families with low socioeconomic levels tend to have slower eruption times than children with high socioeconomic levels.[11] This is not 

in accordance with Koenela's research, which found that the teeth of children living in coastal areas tended to erupt faster. In addition, the 

water used for domestic purposes in the coastal area of Puger has a high calcium and magnesium content.12 This may affect the eruption 

time of the teeth. 

The first permanent tooth that erupts in the oral cavity is the first permanent molar, which has a high risk of extraction due to caries.[6] 

Mandibular second molar normally erupts in girls from the age of 8 years and 11 months to 14 years and 4 months (mean 11.3 years). 
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Meanwhile, in boys this is from 9 years and 11 months to 13 years and 11 months (mean 12.0 years) with root completion at 14-15 

years.[13] Functionally, the second permanent molar can replace the function of the first permanent molar. The second permanent molar 

erupts between the ages of 11 and 15.[11] This study aimed toexamine the eruption phase of the second permanent molar in children aged 

11-15 in the coastal Puger district, Jember. 

2. Materials and methods 

This study was an observational descriptive research with a cross-sectional approach, conducted from January to March 2023 at the Oral 

Biology Laboratory of the Faculty of Dentistry, Jember University. The sample of this study was study models of children aged 11 to 15 

years living in the coastal area. The criteria of the sample included the well-imprinted anatomical landmarks of the second permanent 

molars and the surrounding tissues, and the the crowns of the permanent second molars were intact. 

The sampling technique used was purposive sampling, resulting in a sample of 100 pairs of study models, consisting of 100 maxillary 

study models and 100 mandibular study models. This resulted in a total of 200 maxillary second molars and 200 mandibular second mo-

lars. 

The research procedure consisted of observing the eruption status of the second permanent molars in the maxillary and mandibular study 

models based on the eruption phases and recording the observations on the provided observation form. The observations were catego-

rized into four phases as follows: 0.00 = tooth not erupted, 0.25 = cusp erupted until quarter of the height of the tooth is erupted, 0.50 = 

half of the height of the tooth is erupted, 1.00 = tooth has more than half until the whole clinical crown erupted.[10] 

Ethicalconsiderations 

Written, informedconsentwas obtainedfrom each studyparticipant. Participants were informed about the objectivesof the study and the 

confidential and non-binding nature ofparticipationinthestudy.Ethical approval for this study (No.1863/UN25.8/KEPK/DL/2023) was 

provided by the Ethical Committee of Medical Research. The research was conducted at the Faculty of Dentistry, Jember University, 

Jember, on January 27, 2023. 

3. Results 

Table 1:Eruption Phase of Permanent Second Molar in Maxillary Study Model 

Age 
Eruption Phases 

n 
Tooth not erupted Cusp erupted Half erupted Full eruption 

11 5 (83,3%) 1 (16,4%) 0 0 6 (100%) 

12 10 (20,8%) 26 (54,2%) 12 (25,0%) 0 48 (100%) 
13 5 (5,1%) 20 (20,4%) 56 (57,2%) 17 (17,3%) 98 (100%) 

14 0 0 14 (31,8%) 30 (68,2%) 44 (100%) 

15 0 0 1 (25,0%) 3 (75,0%%) 4 (100%) 
Total 20 47 83 50 200 (100%) 

 

Table 1 shows that at the age of 11 years on the maxillary study model, the largest percentage of the eruption phase is in the tooth not 

erupted phase (83.3%), but there is 1 tooth in the cusp erupted phase (16.4%). The largest total percentage of eruption phases at age 12 

years was in the cusp erupted phase at 54.2%. The largest percentage of eruption phases at age 13 years was in the half erupted phase 

with 57.2%. The largest percentage of eruption phases at age 14 was in the full eruption phase at 68.2%. The largest percentage of the 

eruption phase at age 15 was in the full eruption phase at 75.0%. 

 
Table 2:Eruption Phase of Permanent Second Molar in Mandibular Study Model 

Age 
Eruption Phases 

n 
Tooth not erupted Cusp erupted Half erupted Full eruption 

11 2 (33,3%) 4 (66,7%) 0 0 6 (100%) 

12 4 (8,3%) 15 (31,3%) 29 (60,4%) 0 48 (100%) 

13 0 10 (10,2%) 24 (24,5%) 64 (65,3%) 98 (100%) 
14 0 0 10 (22,7%) 34 (77,3%) 44(100%) 

15 0 0 1 (25,0%) 3 (75,0%) 4 (100%) 
Total 6 29 64 101 200 (100%) 

 

Table 2 shows that at age 11, the largest percentage of the eruption phase in the mandibular study model was in the cusp erupted phase at 

66.7%. The largest percentage of the eruption phase at age 12 was in the half erupted phase at 60.4%. The largest percentage of eruption 

phases at age 13 was in the full eruption phase at 65.3%. The largest percentage of eruption phases at age 14 was in the full eruption 

phase at 77.3%. The largest percentage of eruption phases at age 15 was in the full eruption phase at 75.0%. 
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Fig. 1:Percentage Chart of Eruption Phase of Maxillary and Mandibular Permanent Second Molar. 

 

Figure 1 shows that the mandibular eruption is earlier than the maxillary eruption. This can be seen in the cusp erupted phase, which in 

the mandible at 11 years of age and in the maxilla at 12 years of age. In addition, Figure 1 shows that the mandible has a full eruption 

earlier than the maxilla. This is shown in the full eruption phase, the mandible is at the age of 14 years, while the maxillary is at the age 

of 15 years. Figure 1 also shows that the age difference between the cusp erupted phase and the full eruption phase is 3 years. 

4. Discussion 

Based on Table 1, the most common eruption phase observed in the maxillary study models at age 11 was the tooth not erupted phase. 

However, there was one tooth that was in the cusp erupted phase. This finding contradicts the research conducted by Anggraini et al [14], 

which stated that the second maxillary permanent molars erupt between 12-13 years of age. In addition, Table 2 shows that at the age of 

13, the teeth in the mandibular study models were in the full eruption phase. This finding does not accord with Primasari's statementthat 

the age range for full eruption of the second permanent molars in the mandibular is 14-15 years.[15] This occurrence of early eruption in 

children may be influenced by environmental factors.[16] 

Environmental factors include socio-economic, socio-cultural, and nutritional factors that may influence children's growth and develop-

ment, including tooth eruption. This study was conducted using study models of children aged 11-15 years living in the coastal area of 

Puger. The majority of the population depends on fishing and fish trade for their income. Based on the research conducted by Arif et al 
[17], the unpredictable income of fishermen and the low level of education in the coastal area of Puger lead to a situation where the coastal 

population mainly depends on fishing and fish trade to meet their daily needs, making fishing a cultural practice in the coastal people. 

The geographical location may also influence the food pattern of the population, with coastal populations more likely to consume fish 

and other seafood.[18] 

Fish meat consumed by the Puger population is rich in macronutrients and micronutrients essential for humans, including protein, calci-

um, phosphorus, iron, magnesium, iodine, zinc, vitamin D, and other minerals essential for tooth growth and development.[19] This is in 

accordance with research conducted by Koenela et al [10], who found that dental eruption tends to occur earlier in coastal areas compared 

to mountain regions, mainly due to the high consumption of fish by coastal people. 

Protein is one of the macronutrients found in fish. Protein is an essential nutrient in the growth process of each cell layer in the develop-

ing tooth and is also required for the formation of the tooth matrix. Protein deficiency during tooth growth and development can result in 

delayed eruption of permanent teeth.[20] In addition to protein, other nutrients found in fish that are needed during the process of tooth 

growth include calcium and phosphorus. Calcium and phosphorus are needed in the process of tooth calcification, where in the calcifica-

tion process there is a deposition of matrix and calcium salts, so the calcification process becomes faster and will accelerate the time of 

tooth eruption.[21] This is confirmed by the research of Jasmine et al [22], which states that conditions of calcium and phosphorus deficien-

cy for a long period of time can cause a delay in the eruption of permanent teeth. 

Other than fish, the calcium obtained by the coastal community of Puger also comes from the water used to meet their domestic needs. 

The Puger coastal area has a medium to hard water hardness level, where water hardness is a chemical condition of the water that has a 

high calcium and magnesium content. Water generally has a hardness level of less than 50 mg/l, but water with medium hardness has a 

content of 50-150 mg/l, and water with hard hardness has a content of 150-300 mg/l. Water with this level of hardness is used by the 

community to meet their domestic needs.[11]Calcium and phosphorus levels in the body are closely related to the presence of vitamin D. 

The function of vitamin D is to absorb and regulate calcium and phosphorus in the body. The presence of vitamin D deficiency results in 

incomplete calcification due to inadequate absorption of calcium and phosphorus, causing a delay in tooth eruption.[23] This statement is 

in accordance with the research conducted by Jasmine et al [22], which states that in children with good nutritional status, the appearance 

of their teeth is faster than in children with poor nutritional status. 

Based on the results of the study, it was also found that the second molar teeth in the mandibular erupted earlier than the maxillary, this 

can be seen in Figure 1 which shows that the percentage of the full eruption phase is highest in the mandibular, in addition, it can be seen 

in Table 1 and Table 2 at the age of 11 years, the percentage of the cusp erupted phase has been seen to be greater in the mandibular 

compared to the maxillary. This is in accordance with the statement of Wangidjaja24 and Anggraini et al.[14] that during the eruption peri-

od, the teeth in the mandibular erupt earlier than the teeth in the maxillary. Based on Figure 1, also shows that the age difference between 

the cusp erupted phase and the full eruption phase is 3 years. This is consistent with Primasari's statement that permanent teeth take 3 

years after eruption to reach full eruption.[15] Suggestions for further research need to be conducted similar research in areas with differ-

ent geographical conditions in Indonesia as a comparison of the eruption of second permanen molar teeth in the coastal area. 
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5. Conclusion 

Based on the results of the studies conducted, it can be concluded that both in the maxillary and mandibular second molar was the full 

eruption phase at the age of 14 years. 
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