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Abstract 

Various environmental factors have been associated with the timing of eruption of primary 

dentition, but the evidence to date comes from small studies with limited information on 

potential risk factors. We aimed to investigate associations between tooth emergence patterns 

and pre-conception, pregnancy and post-natal influences. Dentition patterns were recorded at 

ages one and two years in 2,915 children born to women in the Southampton Women’s 

Survey from whom information had been collected on maternal factors before conception and 

during pregnancy. In mutually adjusted regression models we found that: children were more 

dentally advanced at ages one and two years if their mothers had smoked during pregnancy or  

they were longer at birth; mothers of children whose dental development was advanced at age 

two years tended to have poorer socioeconomic circumstances, and  to have reported a slower 

walking speed pre-pregnancy; and children of mothers of Asian ethnicity had later tooth 

development than those of white mothers. The findings add to the evidence of environmental 

impacts on the timing of the eruption of primary dentition in indicating that maternal smoking 

during pregnancy, socio-economic status and physical activity (assessed by reported walking 

speed) may influence the child’s primary dentition. Early life factors, including size at birth 

are also associated with dentition patterns, as is maternal ethnicity.  

Keywords: early dentition; early life factors; maternal physical activity; maternal smoking; 

tooth emergence patterns 
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Introduction 

Development of human primary dentition commences at the end of the fifth week of 

gestation.
1
 Primary teeth erupt on average between 6 and 30 months after birth depending on 

the type of primary tooth. Before eruption, the tooth has completed crown formation and 

mineralisation while the root continues to form for a further 18 months following eruption.
2
 

On eruption, the ameloblasts responsible for enamel formation are lost and no further enamel 

remodelling is possible; thus the enamel acts as a permanent record of the interplay between 

environmental and genetic factors during its development. Obviously with time the enamel 

will undergo physiological wear and on occasion pathological destruction. Thus, it is likely 

that earlier tooth eruption has a negative impact on enamel quality.      

 

The timing of primary incisor eruption has been studied in monozygous and dizygous twins 

showing a strong heritability of over 70%.
3
 Furthermore genome-wide association studies 

have identified a number of candidate genes
4
 which control tooth eruption.   

 

Beyond genetic factors, various processes can occur during critical periods of fetal 

development that can result in lifelong effects on health.
5, 6

 Thus variations in age of 

emergence of the primary dentition are likely to be influenced by pre-conception factors that 

act on the fetus and have an effect throughout pregnancy and infancy.  

 

Several studies have focused on environmental influences and identified factors associated 

with the eruption of the primary dentition.  These include weight and length at the time of 

birth,
7
 and in early fetal life, maternal smoking

8, 9
 and malnutrition.

10
 Additionally, different 

eruption patterns have been observed in children from different ethnic origins.
11, 12

 However, 

evidence from these studies is based on small populations and no study so far has had access 
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to comprehensive data collected from pre-conception through to early infancy where the 

strength of the association between pre-pregnancy exposures and primary tooth eruption, and 

their interactions with other early life exposures can be robustly examined. 

 

This study therefore aims to examine the interrelationship of timing of the first primary tooth 

emergence and number of teeth at ages one and two years with pre-conception, pregnancy 

and postnatal factors, using data from a large mother-offspring cohort study, the Southampton 

Women’s Survey (SWS). This is an exploratory study that aims to identify modifiable risk 

factors that influence primary dentition, while accounting for biological factors that 

contribute to tooth development.     

    

Materials and Methods 

Maternal measurements 

Between 1998 and 2002, 12,583 women aged 20-34 years, who were not pregnant at the 

time, were recruited to the SWS from the general population in Southampton, UK.
13

 At 

enrolment, information about diet, lifestyle and socioeconomic conditions was collected. 

Maternal height was measured with a stadiometer (Seca, Birmingham, UK), weight with 

calibrated digital scales (Seca, Birmingham, UK) and skin folds (biceps, triceps, subscapular 

and supra-iliac) with Harpenden callipers (Baty International, Sussex, UK). Women were 

asked to categorise their walking speed into one of five categories (very slow, stroll at an 

easy pace, normal speed, fairly brisk, or fast), which was used as a proxy marker of overall 

physical activity.
14

 Dietary patterns were assessed using a 100-item validated food frequency 

questionnaire.
15

 Use of principal components analysis enabled the derivation of a dietary 

score for which higher values indicated closer adherence to dietary recommendations and 

thus better quality dietary patterns.
16

  



Ntani et al  Influences on tooth emergence patterns 

5 
 

 

Some 3,159 of these women were followed throughout a subsequent pregnancy, and 

delivered a live-born infant. Gestational age of the children was calculated by combining last 

menstrual period and early ultrasound data.  

 

Child measurements 

New-borns were weighed and measured at birth. Children were followed-up at age one and 

two years. Anthropometry was performed at birth, and at ages one and two years. At the one-

year visit, the mothers were asked the age or the date at which the child’s first tooth emerged. 

At the one- and two-year visits, children’s teeth were inspected by trained nurses and the 

erupted teeth were recorded on a dental chart. A tooth was considered erupted if any part of 

the tooth had pierced the gum.  

 

Statistical methods 

Three analyses were conducted using three dentition outcomes. The first focused on age at 

first tooth eruption as reported by the mother at the one-year visit. The second outcome 

considered was the number of teeth as assessed by the nurse at the one-year visit, providing 

the visit occurred when the child was aged between 11.5 and 12.7 months. The final outcome 

was similar but using the assessment at two years providing that the visit had occurred 

between the age of 23.5 and 24.7 months. The restriction on ages was required because 

children’s teeth eruption is highly dependent on child’s age.
17

 Those age intervals were 

chosen as they followed the original recruitment objectives for one and two years of follow-

up. All analyses were adjusted for sex, while the analyses of the number of teeth at ages one 

and two years were additionally adjusted for age at measurement to improve the precision of 

these outcome measures. Finally, an additional analysis considered post-conceptional age of 
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first-tooth instead of age since birth, to examine the total developmental time before tooth 

eruption.  

Timing of first tooth eruption was analysed as a time-to-event outcome and its associations 

with potential risk factors were explored using Cox proportional hazards models. In these 

models, the effects were summarised by hazard ratios (HRs) that compare survival time 

“without teeth”. A HR>1 indicates that the risk factor is associated with earlier eruption of 

the first tooth. The assumption for proportionality of hazards in the Cox models was assessed 

both graphically and using the test on the basis of Schoenfeld residuals. When assumptions 

were not met, an alternative approach for estimating survival based on Royston-Parmar 

parametric functions
18

 was used to test for validity of conclusions from the Cox model. 

Number of teeth at one year of age was considered as a count variable and was regressed on 

the same risk factors using Poisson regression modelling. Under this model, the effects were 

summarised by incidence rate ratios (IRRs). An IRR>1 indicates more teeth at the specific 

age. At two years of age, more than half the children had 16 primary teeth (55%), so the 

number of teeth at two years was dichotomised, with children having >16 teeth characterised 

as having advanced dental development. Associations with this outcome were explored 

through binomial regression models, and thus effects were summarised by relative risks 

(RRs) with an RR>1 indicating higher likelihood of having advanced dental development. 

Initially unadjusted associations between the potential risk factors and the dentition outcomes 

were examined in univariate regression models, followed by mutually adjusted analyses in 

which all risk factors were included in the regression models. To avoid multi co-linearity 

problems, when potential risk factors were highly correlated, some risk factors were not 

included in the final multivariable regression models. All measures of effect (HRs, IRRs, and 

RRs) were termed as RRs for convenience as they are all interpreted in similar ways.  Data 

were analysed using Stata version 13.1.
19
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Potential risk factors 

The risk factors considered were determined by reference to the literature, and consideration 

of factors that influence childhood development, and specifically bone measures. Maternal 

social factors considered as potential predictors of all three dental outcomes were: education, 

receipt of benefits and Index of Multiple Deprivation, all reported at recruitment before 

conception of the child. Maternal demographic and lifestyle characteristics were: age at birth 

of child, height, weight, body mass index (BMI), skinfold thickness, smoking status during 

pregnancy, ethnicity, dietary score, and reported walking speed. Factors specific to the child 

were: sex, gestational and post-conceptional age (the latter defined as the time from 

conception to eruption of the first deciduous tooth), crown-heel length, weight and head 

circumference at birth, and duration of breast feeding. 

Results  

Of the 3,159 live born infants delivered to women in the SWS, 2,875 were seen at the one-

year visit. Of these, the mothers of 2,629 children provided information about age of first 

tooth eruption, while 2,243 children had complete data on number of teeth at first year of age 

(nurse assessment of the number of teeth and visited between 11.5 and 12.7 months).  At age 

two years, 2,649 children were seen in total, and 1,976 children were eligible for inclusion in 

our analysis.  In total 2,915 children were included in at least one of the analyses of the three 

dentition outcomes. 

 

Maternal and childhood characteristics are described in Table 1. The mothers averaged 30.7 

years of age (Standard Deviation (SD) =3.8) at delivery of their child; half were nulliparous; 

96% were white in ethnic origin; 14% were in receipt of benefits at recruitment; and 16% 
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smoked during pregnancy. On average, infants weighed 3.4 kilograms at birth (SD=0.5). 

Almost 23% of the children were breastfed for 7 complete months or more. 

 

Table 2 summarises the dental patterns of the children in the study. The average age of first 

primary tooth eruption was 30.4 weeks (SD=9.4). The first tooth for boys tended to erupt 

about a week earlier than for girls (P=0.03). At age one year, the average number of primary 

teeth was 6.1 (SD=2.7) and it was slightly higher for boys than for girls (P =0.01). At two 

years of age, 33% of the children had advanced dental development, with a slightly higher 

prevalence for boys than girls (P =0.16).  

 

Later eruption of the first tooth was associated with fewer teeth at one (Spearman rs=-0.66) 

and two years (Spearman rs=-0.33) (both P<0.001). Children with more primary teeth at one 

year were more likely to have advanced dental development at two years of age (P <0.001) 

(data not shown).  

 

Table 3 gives the unadjusted associations between maternal characteristics and the three 

dentition outcomes. Maternal social background was associated with the dentition patterns of 

their children at two years of age, with children of mothers in receipt of benefits and living in 

more deprived areas being more likely to have advanced dental development. Children of 

non-white mothers had later first tooth eruption, fewer teeth at age one year and were less 

likely to have advanced dental development. Children of taller and heavier mothers, of 

mothers who smoked during pregnancy and those who had a poorer quality diet had an earlier 

first tooth eruption, more teeth at the age of one year and were more likely to have >16 teeth 

at age two years.   
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Table 4 shows the relationships with perinatal factors. Babies of longer gestation and with 

larger size at birth had their first tooth earlier, had more teeth at age one year, and were more 

likely to have >16 teeth at age two years. Also, children who were breast fed for 7 complete 

months or more had delayed tooth eruption and fewer teeth at ages one and two years. 

 

Due to high correlation between the sum of skinfold thickness, BMI, and weight, BMI was 

chosen as a summary measure of maternal adiposity to enter the final regression model. Also, 

due to strong correlation between gestational age, weight, crown-heel length, and head 

circumference at birth, crown-heel length at birth was chosen to enter the final mutually 

adjusted model, as this variable is a skeletal measure and might be more likely to be 

associated with tooth development. The significant associations from the mutually adjusted 

relationships of mothers’ and children’s early life factors with dentition outcomes  are 

presented in Table 5. The most robust and consistent relationships were for those of maternal 

smoking and ethnic origin. Children of mothers who smoked during pregnancy and were of 

white ethnic origin had an earlier eruption of their first primary tooth, had more teeth at one 

year and were more likely to have advanced dental development at two years of age. 

Additionally, babies who were longer at birth  had an earlier tooth eruption, and more teeth at 

ages one and two years.  

 

When post-conceptional age was used as an outcome instead of age of first tooth eruption in 

the final mutually adjusted model, the effect of the risk factors in the model remained 

unchanged.   

 

Several relationships of maternal adiposity, socioeconomic and lifestyle factors with early 

dentition, apparent in univariate analyses (Table 3), were no longer significant in the 
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mutually-adjusted models. However, pre-pregnancy self-reported walking speed and Index of 

Multiple Deprivation of residence remained significantly associated with dentition at age two 

years (Table 5). Children of mothers living in socially-deprived areas were more likely to 

have advanced dental development at two years, while children of mothers who reported a 

faster walking speed had fewer primary teeth at the age of two.  

 

The findings remained similar when either gestational age, birth weight, or head 

circumference at birth were entered in the final model instead of crown-heel length at birth 

(data not shown). However, the association between smoking and age of first deciduous tooth 

was slightly attenuated when gestational age was used instead of crown-heel length in the 

final model (P=0.07). Also attenuated were the associations between smoking and dental 

advancement when gestational age, birth weight, or head circumference were included in the 

model (instead of crown-heel length), but they remained significant at the 10% level. When 

pre-pregnancy BMI was replaced by sum of skinfold thickness, results remained very similar 

(data not shown).   

 

The effect of ethnicity was explored further. The “Asian” category included Indian, Pakistani, 

Bangladeshi and Chinese ethnic origin, and “Black” included Black Caribbean and Black 

African. Compared with children of white mothers, children of Asian mothers tended to have 

their first primary tooth erupting later (RR (95%CI):0.73 (0.57, 0.92), had fewer teeth at age 

one year (RR (95%CI): 0.84 (0.75, 0.94)) and were less likely to have advanced dental 

development at age two years (RR (95%CI): 0.54 (0.30, 0.96)). No significant differences 

were found between children of white and black ethnicity mothers.  
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Further analysis was conducted to assess differences between children included in the study 

and those that were not. In the current study we analysed data from 2,915 children who had 

information on any of the three dentition outcomes under investigation, from the original 

sample of 3,159 live born children. Comparison of maternal characteristics between those 

2,915 and the rest of the children (N=241 after excluding three children with no obstetric 

data) showed that mothers of children included in the analysis were more likely to be highly 

educated (59% v 49%, P=0.003) and less likely to smoke during pregnancy (16% v 26%, 

P<0.001), as compared with mothers of children not included in this analysis. No significant 

differences were found in maternal body composition between the two groups of children. 

Comparison of neonatal characteristics showed that children included in this analysis were 

born after a longer gestation (P<0.001), were heavier (P= 0.0002), and longer (P=0.035) at 

birth than those not included. Also, some children were lost from the final multivariable 

model due to missing exposure data; the maximum number was 414 (14%). Children with 

missing exposure data had a later eruption time (P=0.02) and subsequently an average of 0.6 

teeth fewer teeth (P=0.001) compared with children who had complete exposure data. 

 

Discussion  

Main findings 

We have found that children born to mothers who smoked during pregnancy had their first 

tooth erupting earlier in life and subsequently had more teeth at the age of one and two years. 

Children of mothers who lived in less advantaged areas, or reported walking more slowly had 

a faster rate of dental emergence, most apparent at two years of age. Additionally, children of 

mothers of Asian ethnicity had later onset and lower rates of eruption of primary teeth. Size 

at birth was also associated with the emergence of the primary dentition, with larger babies 

showing earlier eruption patterns. 
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Strengths and limitations 

This study is the first to explore potential effects on early dentition from pre-conception 

through to early infancy based on a general population mother-offspring cohort. It is the 

largest study to date that has examined maternal and early life effects on childhood dentition. 

Early dentition patterns were ascertained robustly as trained nurses inspected children’s teeth 

at one- and two-year visits. Nonetheless, several limitations should be considered in the 

interpretation of these results. Firstly, age at first tooth eruption was reported by the mother, 

and is thus subject to error. However, age of eruption was highly correlated with number of 

teeth at one year of age, with children having an earlier eruption also having more teeth at age 

one year (r=-0.66, P<0.001). Moreover, smoking during pregnancy was self-reported; no data 

on cotinine levels were available in this study to investigate accuracy of this information. 

However, under reporting of smoking habits might result in underestimation of any smoking 

effect. Maternal physical activity was assessed using self-reported walking speed, which is a 

subjective measure. This question was chosen as it had been used in various previous studies.  

It has recently been validated as a measure of walking speed in older people,
14

 but has not 

formally been validated in our age group. However, self-reported walking speed does tend to 

differentiate between people who are undertaking exercise and those who do not.
20

 Although 

another limitation is that the study used information from a cohort based in only one city, the 

timing of eruption and dentition patterns observed are consistent with the literature for 

singleton births from London,
21

 Sweden,
22

 Finland
9
 and Australia.

23
  

 

Furthermore, findings from comparison between children included in this study and those 

that did not indicated that the group of children in this analysis is a selective group of 

children that were larger at birth and their mothers had higher educational attainment and had 
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healthier behaviours during pregnancy. However, as the analysis is based on internal 

comparisons the differences are unlikely to cause spurious associations between maternal and 

early life risk factors and dentition patterns.   

 

Comparison with other studies 

The association between self-reported smoking during pregnancy and eruption timing has 

been investigated by Rantakallio et al.
8
 They showed that the first tooth of children whose 

mothers smoked in pregnancy erupted earlier than those children whose mothers did not 

smoke, by an average of one week. A subsequent study found that children of mothers who 

smoked in pregnancy had on average 0.3 teeth more than children of non-smokers.
9
 Our 

findings were similar; first primary tooth of children of mothers who smoked in pregnancy 

erupted earlier than for children of non-smoking mothers, while at one year of age they had 

more teeth. The mechanisms linking maternal smoking with offspring dental development are 

unknown, but parallel effects of smoking on fetal bone accretion have been found
24

 possibly 

indicating effects operating through maternal micronutrient status
25

 or on placental calcium 

transport.
26

 

 

Differences in eruption timing and dental patterns of primary teeth between children of 

different ethnic groups have been reported previously. A study of dental patterns among 

Saudi Arabian children showed that they experienced delayed first primary tooth eruption 

when compared to Caucasian children (including children from Iceland and US).
11

 Townsend 

and Hammel also noted that children of African descent acquire their teeth earlier than 

European children, while Asian children show a delayed eruption of first teeth.
12

 An older 

study also showed a delayed progress in tooth eruption among Chinese (Hong Kong) children 

as compared with children of other ethnicities.
27

 Our study supports this, with children of 
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Asian mothers having their first tooth erupting later that those of white mothers and 

subsequently having fewer teeth at one and two years of age. Differences in eruption timing 

and dental patterns between White and Asian children could be a reflection of size 

differences at birth. However, in the current study, Asian ethnicity had an effect on timing of 

eruption after adjustment for size at birth (Table 5).  

 

Birth weight has widely been used as a marker of intrauterine nutritional environment, with 

low weight at birth indicating poor fetal nutrition. Additionally, children who experienced 

nutritional deficiencies displayed delayed primary teeth emergence.
28

 Furthermore, other 

studies have shown a negative correlation between birth weight and tooth eruption timing.
29, 

30
 Data from the current study support these findings, with babies who were heavier at birth 

having earlier tooth emergence.  

  

Several studies have explored the association between being born preterm and abnormal 

timing of primary tooth eruption.
31-33

 Viscardi et al focused only on low birth weight and 

preterm babies and showed a significant increased risk of delayed first tooth eruption among 

children of gestational age <30 weeks.
34

 Our study showed similar results with a shorter 

length of gestation being associated with older age at first tooth emergence, and subsequent 

fewer teeth at ages one and two years. Results remained unchanged when post-conceptional 

age was considered instead of age since birth. 

 

A number of different studies have tried to investigate the link between infant’s maturation 

and dental development by exploring the number of primary teeth at specific ages. Delgado et 

al showed that for given ages, heavier children had more erupted teeth compared with lighter 

ones.
35

 Other studies have also reported a positive association between BMI and faster 
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eruption rates.
36, 37

 Additionally, height has been shown to be a strong predictor of child’s 

dental patterns in early life.
38, 39

 An additional effect of height at birth was also reported by 

Ounsted et al and later by Bastos et al.
7, 40

 In agreement with these studies, our study found 

significant associations between number of primary teeth at one year of age and length at 

birth. The direction of the association was as expected, with longer babies on a faster growth 

trajectory having a greater number of primary teeth.  

 

Previous studies have found no strong evidence of an association between socio-economic 

status and timing and patterns of tooth emergence.
41, 42

 In contrast to this literature, we found 

that children of socially-deprived mothers were more likely to have >16 primary teeth at age 

two years. Additionally, children of mothers who took less physical activity (proxied by 

walking speed) were more likely to have advanced dental development.  

 

Some previous studies have examined the association between breastfeeding and timing of 

eruption of primary teeth. Holman and Yamaguchi showed that children who were not 

breastfed had a delayed emergence of upper incisors but accelerated emergence of the upper 

second molar.
28

 The effect of breastfeeding was also examined in the current analysis. We 

found that children who were breastfed for longer than seven months had delayed primary 

tooth eruption and fewer teeth at one and two years, but we have not examined the types of 

teeth that emerged. However, the association was only of borderline significance and became 

weaker after adjusting for maternal smoking in pregnancy. 

 

The clinical significance of advanced dental development is uncertain. Many of the factors 

associated with advanced dental development are also associated with primary dental caries, 

for example deprivation and maternal smoking. The timing of dental eruption and the 
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development of subsequent dental caries has received little attention in the literature. If 

premature eruption does lie on the causal pathway for dental caries it may act by influencing 

the quality of enamel mineralisation making it more prone to dental caries.  For example, in 

children with advanced dental development, teeth may erupt before they are fully 

mineralised.  Mineralisation deficiencies have been associated with many pregnancy and 

early life exposures and are strongly related to the subsequent development of dental caries.
43

 

Alternatively a behavioural mechanism is possible; if teeth erupt earlier they require parental 

involvement in toothbrushing from an earlier age and for a longer duration in childhood.  The 

importance of advanced dental development from both clinical and public health perspectives 

is unknown and requires further research ideally embedded within longitudinal birth cohorts 

to explore fully any association between advanced dental development and dental caries. 

Established risk factors for primary dental caries are able to explain some (often less than 

half) of the variation in caries levels.
44, 45

 Therefore identifying other exposures that result in 

poor oral health is important and will ultimately influence future preventive strategies even 

where some risk factors are not in themselves modifiable. For example knowledge about non-

modifiable exposures may help to identify children at high risk of dental caries and thus to 

enable targeting of preventive oral health interventions such as increased frequency of 

fluoride varnish application, higher concentration of fluoride in home use toothpastes, intense 

toothbrushing advice and or supporting parents to minimise frequency of sugary intakes in 

the diet.  

 

Conclusion 

The results of this study have shown a number of developmental correlates of both age at 

eruption of the first tooth and primary dentition at one and two years. Maternal smoking was 

associated with earlier eruption of the initial dentition, and a greater progression of eruption 
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over the first two years of post-natal life. Maternal lower socio-economic status, and slower 

maternal self-reported walking speed were independently associated with earlier childhood 

dentition patterns, most clearly linked to the number of teeth at two years of age.  

 

These results identify children at greater risk of advanced dental development and concur 

with findings from earlier smaller studies. There is an apparent impact of health behaviours 

of women before and during pregnancy, and particularly maternal smoking, on the eruption 

of the primary dentition.  

 

Acknowledgements 

We would like to thank the mothers and the children who gave us their time and a team of 

dedicated research nurses and ancillary staff for their assistance.  

Financial support 

This work was supported by grants from the Medical Research Council, British Heart 

Foundation, Arthritis Research UK, National Osteoporosis Society, International 

Osteoporosis Foundation, Cohen Trust, NIHR Nutrition Biomedical Research Unit, 

University of Southampton, European Union's Seventh Framework Programme (FP7/2007-

2013), project EarlyNutrition under grant agreement n°289346 and the NIHR 

Musculoskeletal Biomedical Research Unit, University of Oxford.  

Conflicts of interest 

KMG has received reimbursement for speaking at conferences sponsored by companies 

selling nutritional products, and is part of an academic consortium that has received research 

funding from Abbott Nutrition, Nestec and Danone.  

Ethical standards 



Ntani et al  Influences on tooth emergence patterns 

18 
 

Written consent was obtained from all women in the study and from a parent or guardian of 

each child. All phases of the Southampton Women’s Survey were approved by the 

Southampton and South West Hampshire Local Research Ethics Committee.    

  



Ntani et al  Influences on tooth emergence patterns 

19 
 

References 

1.  Koussoulakou DS, Margaritis LH, Koussoulakos SL. A curriculum vitae of teeth: evolution, 
generation, regeneration. Int J Biol Sci. 2009;5(3):226‐43. 
2.  Nanci A. Ten Cate's Oral Histology: Development, Structure, and Function. 8th edition ed: 
Elsevier Science Health Science Division; 2012. 
3.  Hughes TE, Bockmann MR, Seow K, et al. Strong genetic control of emergence of human 
primary incisors. J Dent Res. 2007;86(12):1160‐5. 
4.  Pillas D, Hoggart CJ, Evans DM, et al. Genome‐wide association study reveals multiple loci 
associated with primary tooth development during infancy. PLoS Genet. 2010;6(2):e1000856. 
5.  Barker DJP. Mothers, babies and disease in later life. London: BMJ Publishing Group; 1994. 
6.  Ku D, Ben‐Shlomo Y. A life course approach to chronic disease epidemiology. New York: 
Oxford University Press; 1997. 
7.  Bastos JL, Peres MA, Peres KG, Barros AJ. Infant growth, development and tooth emergence 
patterns: A longitudinal study from birth to 6 years of age. Arch Oral Biol. 2007;52(6):598‐606. 
8.  Rantakallio P, Makinen H. The effect of maternal smoking on the timing of deciduous tooth 
eruption. Growth. 1983;47(2):122‐8. 
9.  Rantakallio P, Makinen H. Number of teeth at the age of one year in relation to maternal 
smoking. Ann Hum Biol. 1984;11(1):45‐52. 
10.  Psoter W, Gebrian B, Prophete S, Reid B, Katz R. Effect of early childhood malnutrition on 
tooth eruption in Haitian adolescents. Community Dent Oral Epidemiol. 2008;36(2):179‐89. 
11.  Al‐Jasser NM, Bello LL. Time of eruption of primary dentition in Saudi children. J Contemp 
Dent Pract. 2003;4(3):65‐75. 
12.  Townsend N, Hammel EA. Age estimation from the number of teeth erupted in young 
children: an aid to demographic surveys. Demography. 1990;27(1):165‐74. 
13.  Inskip HM, Godfrey KM, Robinson SM, et al. Cohort profile: The Southampton Women's 
Survey. Int J Epidemiol. 2006;35(1):42‐8. 
14.  Syddall HE, Westbury LD, Cooper C, Sayer AA. Self‐Reported Walking Speed: A Useful Marker 
of Physical Performance Among Community‐Dwelling Older People? J Am Med Dir Assoc. 2014. 
15.  Robinson S, Godfrey K, Osmond C, Cox V, Barker D. Evaluation of a food frequency 
questionnaire used to assess nutrient intakes in pregnant women. Eur J Clin Nutr. 1996;50(5):302‐8. 
16.  Robinson SM, Crozier SR, Borland SE, et al. Impact of educational attainment on the quality 
of young women's diets. Eur J Clin Nutr. 2004;58(8):1174‐80. 
17.  Haddad AE, Correa MS. The relationship between the number of erupted primary teeth and 
the child's height and weight: a cross‐sectional study. J Clin Pediatr Dent. 2005;29(4):357‐62. 
18.  Royston P, Parmar MK. Flexible parametric proportional‐hazards and proportional‐odds 
models for censored survival data, with application to prognostic modelling and estimation of 
treatment effects. Stat Med. 2002;21(15):2175‐97. 
19.  StataCorp. 2013. Stata Statistical Software: Release 13. College Station TSL. 
20.  Macera CA, Powell KE. Population attributable risk: implications of physical activity dose. 
Med Sci Sports Exerc. 2001;33(6 Suppl):S635‐9; discussion 40‐1. 
21.  Falkner F. Deciduous tooth eruption. Arch Dis Child. 1957;32(165):386‐91. 
22.  Hagg U, Taranger J. Timing of tooth emergence. A prospective longitudinal study of Swedish 
urban children from birth to 18 years. Swed Dent J. 1986;10(5):195‐206. 
23.  Hitchcock NE, Gilmour AI, Gracey M, Kailis DG. Australian longitudinal study of time and 
order of eruption of primary teeth. Community Dent Oral Epidemiol. 1984;12(4):260‐3. 
24.  Godfrey K, Walker‐Bone K, Robinson S, et al. Neonatal bone mass: influence of parental 
birthweight, maternal smoking, body composition, and activity during pregnancy. J Bone Miner Res. 
2001;16(9):1694‐703. 
25.  Pfeiffer CM, Sternberg MR, Schleicher RL, Rybak ME. Dietary supplement use and smoking 
are important correlates of biomarkers of water‐soluble vitamin status after adjusting for 



Ntani et al  Influences on tooth emergence patterns 

20 
 

sociodemographic and lifestyle variables in a representative sample of U.S. adults. J Nutr. 
2013;143(6):957s‐65s. 
26.  Lin FJ, Fitzpatrick JW, Iannotti CA, et al. Effects of cadmium on trophoblast calcium transport. 
Placenta. 1997;18(4):341‐56. 
27.  Billewicz WZ, Thomson AM, Baber FM, Field CE. The development of primary teeth in 
Chinese (Hong Kong) children. Hum Biol. 1973;45(2):229‐41. 
28.  Holman DJ, Yamaguchi K. Longitudinal analysis of deciduous tooth emergence: IV. Covariate 
effects in Japanese children. Am J Phys Anthropol. 2005;126(3):352‐8. 
29.  Sajjadian N, Shajari H, Jahadi R, Barakat MG, Sajjadian A. Relationship between birth weight 
and time of first deciduous tooth eruption in 143 consecutively born infants. Pediatr Neonatol. 
2010;51(4):235‐7. 
30.  Seow WK, Humphrys C, Mahanonda R, Tudehope DI. Dental eruption in low birth‐weight 
prematurely born children: a controlled study. Pediatr Dent. 1988;10(1):39‐42. 
31.  Aktoren O, Tuna EB, Guven Y, Gokcay G. A study on neonatal factors and eruption time of 
primary teeth. Community Dent Health. 2010;27(1):52‐6. 
32.  Ramos SR, Gugisch RC, Fraiz FC. The influence of gestational age and birth weight of the 
newborn on tooth eruption. J Appl Oral Sci. 2006;14(4):228‐32. 
33.  Golden NL, Takieddine F, Hirsch VJ. TEething age in prematurely born infants. Am J Dis Child. 
1981;135(10):903‐4. 
34.  Viscardi RM, Romberg E, Abrams RG. Delayed primary tooth eruption in premature infants: 
relationship to neonatal factors. Pediatr Dent. 1994;16(1):23‐8. 
35.  Delgado H, Habicht JP, Yarbrough C, et al. Nutritional status and the timing of deciduous 
tooth eruption. Am J Clin Nutr. 1975;28(3):216‐24. 
36.  Sanchez‐Perez L, Irigoyen ME, Zepeda M. Dental caries, tooth eruption timing and obesity: a 
longitudinal study in a group of Mexican schoolchildren. Acta Odontol Scand. 2010;68(1):57‐64. 
37.  Soliman NL, El‐Zainy MA, Hassan RM, Aly RM. Relationship of deciduous teeth emergence 
with physical growth. Indian J Dent Res. 2012;23(2):236‐40. 
38.  Infante PF, Owen GM. Relation of chronology of deciduous tooth emergence to height, 
weight and head circumference in children. Arch Oral Biol. 1973;18(11):1411‐7. 
39.  Oziegbe EO, Adekoya‐Sofowora C, Folayan MO, Esan TA, Owotade FJ. Relationship between 
socio‐demographic and anthropometric variables and number of erupted primary teeth in suburban 
Nigerian children. Maternal & Child Nutrition. 2009;5(1):86‐92. 
40.  Ounsted M, Moar V, Scott A. A longitudinal study of tooth emergence and somatic growth in 
697 children from birth to three years. Arch Oral Biol. 1987;32(11):787‐91. 
41.  Singh N, Sharma S, Sikri V, Singh P. To study the average age of eruption of primary dentition 
in Amritsar and Surrounding Area. Jewelry Industry Distributors Association. 2000;71:26. 
42.  Bambach M, Saracci R, Young HB. Emergence of deciduous teeth in Tunisian children in 
relation to sex and social class. Hum Biol. 1973;45(3):435‐44. 
43.  Caufield PW, Li Y, Bromage TG. Hypoplasia‐associated severe early childhood caries‐‐a 
proposed definition. J Dent Res. 2012;91(6):544‐50. 
44.  Ismail AI, Lim S, Sohn W, Willem JM. Determinants of early childhood caries in low‐income 
African American young children. Pediatr Dent. 2008;30(4):289‐96. 
45.  Milgrom P, Riedy CA, Weinstein P, et al. Dental caries and its relationship to bacterial 
infection, hypoplasia, diet, and oral hygiene in 6‐ to 36‐month‐old children. Community Dent Oral 
Epidemiol. 2000;28(4):295‐306. 
 

  



Ntani et al  Influences on tooth emergence patterns 

21 
 

Table 1. Maternal and childhood demographic characteristics  

Mean/Median (SD/IQR) or N (%)

N=2,915740 

 

MATERNAL CHARACTERISTICS  

Age at birth of the child (yrs) 30.7 (3.8) 

Height (cm) 163.2 (6.5) 

BMI  24.1 (21.9-27.3) 

Sum of skinfold thickness (mm) 71.9 (30.2) 

Nulliparous (n/N (%)) 1,510/2,912 (51.9%) 

Smoking during pregnancy (n/N (%)) 430/2,778  (15.5%) 

Higher educational level (A levels - Degree) 1,725/2,906  (59.4%) 

Receipt of benefits (before pregnancy) (n/N (%)) 419/2,914  (14.4%) 

Ethnic origin: White (n/N (%)) 2,797/2,914  (96.0%) 

 

CHILDREN CHARACTERISTICS  

Gestational age (weeks) 39.8 (1.8) 

Birth weight (kg) 3.4 (0.5) 

Crown-heel length (cm) 49.8 (2.1) 

Head circumference (cm) 35.0 (1.4) 

Duration of breast feeding (completed months)  

Never tried (n/N (%)) 506/2,784 (18.2%) 

Up to 6 months (n/N (%)) 1,646/2,784 (59.1%) 

7 or more (n/N (%)) 632/2,784 (22.7%) 



Ntani et al  Influences on tooth emergence patterns 

22 
 

Table 2. Descriptive characteristics of dentition data 

 All Boys Girls  

  N Mean (SD) or % N Mean (SD) or % Difference
1

Age (in weeks) of first tooth (reported 

at one year follow-up) 

30.4 (9.4) 1,374 30.1 (9.4) 1,255 30.9 (9.4) 0.03 

Number of teeth (assessed at one year 

follow-up) 

6.1 (2.7) 1,169 6.2 (2.6) 1,074 6.0 (2.7) 0.01 

Number (%) of advanced dentally 

developed (assessed at two years 

follow-up) 

      

No (16 teeth or fewer) 1,320 (66.8%) 660  65.3% 660 68.3%  

Yes (More than 16 teeth) 656 (33.2%) 350 34.7% 306 31.7% 0.16 
1
Differences in age of first tooth eruption and number of teeth at one year of age between boys and girls were explored using t-tests and 

differences in advanced dentally development between boys and girls were explored by chi-2 test. 

  



Ntani et al  Influences on tooth emergence patterns 

23 
 

Table 3. Maternal factors as predictors of age of tooth eruption and number of teeth at 1 and 2 years of FU (adjusted for child’s sex and 

age in the second and third regression model) 

 

 

Age of first tooth eruption 

(weeks) 
Number of teeth at one year 

Advanced dentally developed 

(>16 teeth) at two years 

Social factors RR
2
 (95% CI) P RR

2
 (95% CI) P RR

2
 (95% CI) P 

Education

None – O levels  Reference Reference Reference 

A levels - Degree 0.983 (0.91,1.06) 0.661 0.979 (0.95,1.01) 0.212 0.846 (0.75,0.96) 0.009 

Receipt of benefits (before pregnancy) 

No Reference Reference Reference 

Yes 1.045 (0.94,1.16) 0.426 1.022 (0.97,1.07) 0.368 1.322 (1.13,1.55) <0.001 

Index of Multiple Deprivation 
 1.001 (1.00,1.00) 0.541 1.001 (1.00,1.00) 0.214 1.009 (1.00,1.01) 0.001 

Demographic and lifestyle characteristics 

Ethnic origin       

White  Reference  Reference  Reference  

Other 0.729 (0.60,0.89) 0.001 0.826 (0.75,0.91) <0.001 0.625 (0.41,0.96) 0.031 

Height (cm) 1.008 (1.00,1.01) 0.007 1.004 (1.00,1.01) 0.003 1.008 (1.00,1.02) 0.100 

Weight (kg)
 1.003 (1.00,1.01) 0.014 1.002 (1.00,1.00) 0.002 1.007 (1.00,1.01) 0.001 

BMI (kg/m
2
)

 1.007 (1.00,1.01) 0.095 1.004 (1.00,1.01) 0.024 1.018 (1.01,1.03) 0.003 

Pre-pregnancy: Sum of skinfold thickness 1.000 (1.00,1.00) 0.481 1.001 (1.00,1.00) 0.026 1.004 (1.00,1.01) <0.001 

In pregnancy smoking status 

No Reference Reference Reference 

Yes 1.122 (1.01,1.25) 0.035 1.113 (1.06,1.17) <0.001 1.283 (1.10,1.50) 0.002 

Pre-pregnancy walking speed
1       

Very slow Reference  Reference  Reference  

Stroll at an easy pace 0.947 (0.51,1.74) 

0.897 

0.927 (0.71,1.22) 

0.354 

0.681 (0.34,1.36) 

<0.001 
Normal speed 0.905 (0.50,1.64) 0.889 (0.68,1.16) 0.622 (0.32,1.21) 

Fairly brisk 0.923 (0.51,1.67) 0.870 (0.67,1.14) 0.529 (0.27,1.03) 

Fast 0.937 (0.51,1.73) 0.946 (0.72,1.24) 0.433 (0.20,0.91) 

Dietary score (z-score) 0.976 (0.94,1.02) 0.233 0.976 (0.96,0.99) 0.007 0.926 (0.87,0.99) 0.020 
1
 P-values are for trend across the five categories 

2
RR: Relative Risk 
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Table 4. Early life factors as predictors of age of tooth eruption and number of teeth at 1 and 2 years of FU (adjusted for child’s sex and 

age in the second and third regression model) 

Age of first tooth eruption 

(weeks) 

Number of teeth 

at one year 

Advanced dentally 

developed (>16 teeth) at 

two years 

RR
2
 (95% CI) P RR

2
 (95% CI) P RR

2
 (95% CI) P 

Gestational age (days) 1.075 (1.05,1.10) <0.001 1.035 (1.03,1.05) <0.001 1.054 (1.02,1.09) 0.006 

Birth weight (kg) 1.329 (1.24,1.43) <0.001 1.136 (1.10,1.17) <0.001 1.173 (1.05,1.32) 0.006 

Crown-heel length at birth (cm) 1.070 (1.05,1.09) <0.001 1.031 (1.02,1.04) <0.001 1.050 (1.02,1.08) 0.003 

Head circumference at birth (cm) 1.098 (1.07,1.13) <0.001 1.043 (1.03,1.06) <0.001 1.075 (1.03,1.13) 0.003 

Duration of breast feeding (completed months)
1
        

Never tried  Reference  Reference  Reference  

Up to 6 months  1.008 (0.91,1.12) 
0.296 

0.996 (0.95,1.04) 
0.001 

0.914 (0.78,1.07) 
0.001 

7 or more  0.926 (0.82,1.05) 0.922 (0.87,0.97) 0.738 (0.60,0.90) 
1 
P-values are for trend across the three categories 

2 
RR: Relative Risk  
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Table 5. Multivariable model of maternal and early life factors as predictors of age of tooth eruption and number of teeth at one and 

two years of FU (adjusted for child’s sex and age in the second and third regression model) 

 
 

Age of first tooth eruption 

(weeks) 

Number of teeth 

at one year
 

Advanced dentally 

developed (>16 teeth) at 

two years 

MATERNAL FACTORS RR
2
 (95% CI) P RR

2
 (95% CI) P RR

2
 (95% CI) P 

In pregnancy smoking status       

No Reference  Reference  Reference  

Yes 1.183 (1.04, 1.34) 0.009 1.132 (1.07, 1.19) <0.001 1.197 (1.01, 1.42) 0.042 

Maternal ethnic origin       

White  Reference  Reference  Reference  

Other 0.761 (0.62, 0.94) 0.012 0.867 (0.783, 0.962) 0.007 0.584 (0.36, 0.95) 0.029 

Pre-pregnancy walking speed
1       

Very slow     Reference  

Stroll at an easy pace     0.822 (0.34, 2.00) 

0.008 
Normal speed     0.788 (0.33, 1.88) 

Fairly brisk     0.673 (0.28, 1.62) 

Fast     0.575 (0.22, 1.48) 

Index of Multiple Deprivation      1.007 (1.00, 1.01) 0.009 

EARLY LIFE FACTORS       

Crown-heel length at birth (cm) 1.072 (1.05, 1.10) <0.001 1.034 (1.02, 1.04) <0.001 1.049 (1.01, 1.09) 0.006 
1
 P-values are for trend across the three categories 2 RR: Relative Risk 

 


