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Background: Most studies on permanent tooth width prediction focus on the predictive value of permanent teeth, however only a few studies examine the predictive value of primary teeth. The aim of this study was to investigate the correlation between the mesiodistal widths of the mandibular primary canines and molars and those of their permanent successors. In addition, the study evaluated whether the mesiodistal width of the primary canines and molars can serve as reliable predictors for the width of the permanent mandibular first molars.



Methods: This cross-sectional study analyzed records from 143 orthodontic patients (78 males and 65 females) who had digitized dental models in the mixed and in the permanent dentition stage. Mesiodistal measurements were performed on left-sided mandibular permanent teeth (canines, first and second premolars, first molar), and primary teeth (canines, first and second molars). The Pearson correlation coefficient test was used to determine the correlation strength between the mesiodistal dimensions of primary and permanent teeth (p < 0.05).



Results: Significant correlations were found between second primary molars and second premolars (Pearson r = 0.400–0.461) as well as between primary and permanent canines (Pearson r = 0.462–0.512), across the total sample and within both sexes. The dimensions of all three evaluated primary teeth were correlated with first permanent molar with r ranging from 0.402 to 0.625. The primary first molar showed a weak correlation with the first premolar for the total sample (Pearson r = 0.240) and males (Pearson r = 0.302), and none was observed for female patients (Pearson r = 0.048).



Conclusions: A link between primary and permanent tooth width of canines and posterior dentition was observed, but a difference between sexes exists. Therefore, primary teeth may offer early insight into future space requirements, however their predictive strength is influenced by tooth type and sex.
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1 Introduction

Tooth development is an integral component of craniofacial growth and development, influencing oral function, aesthetics, and overall health (1). The formation of the primary (deciduous) teeth and permanent teeth begins in utero during the first trimester (2) and involves complex genetic, molecular and cellular mechanisms (3). The eruption of primary teeth typically begins around the eighth postnatal month, following a sequential pattern throughout early childhood (2).

Primary teeth play a crucial role in oral health by influencing mastication, supporting verbal development, and ensuring proper positioning of their permanent successors (4). Around the age of six, the gradual transition to permanent dentition begins with the eruption of the first molars, marking the onset of the mixed dentition stage (2). This key phase of craniofacial growth is characterized by complex morphological and structural adaptations within the dental arches and skeletal structures (5). A coordinated sequence of tooth eruption and jaw growth is essential for achieving occlusal and dentofacial harmony (5).

Discrepancies between mesiodistal crown width and available arch space can result in malocclusions, which not only impair oral function and reduce masticatory efficiency but also increase the risk of dental health issues, such as periodontal disease (6, 7). Therefore, the prediction of mesiodistal tooth dimensions is subject of fundamental importance in orthodontics and pediatric dentistry diagnosing potential crowding issues and allowing for early interventions.

Most studies on tooth width prediction have focused on permanent teeth, particularly the incisors (8), due to their high morphological consistency (9). The established methods developed by Moyers and by Tanaka and Johnston rely on the mesiodistal widths of erupted permanent mandibular incisors to estimate the mesiodistal dimensions of unerupted permanent canines and premolars (10, 11). However, only a limited number of studies have examined the predictive value of primary teeth (12–14).

Nuvvula et al. (12) aimed to predict the mesiodistal dimensions of permanent canines and premolars using the Boston University method described by Gianelly and conducted a comparative analysis with the Tanaka–Johnston approach. Their analysis was based on the mesiodistal widths of primary maxillary and mandibular canines and first molars. Statistically significant correlations were found between the predicted values from both methods, particularly among female subjects (12).

In a Spanish population, Bravo et al. (13) identified a statistically significant correlation between the mesiodistal dimensions of primary second molars and permanent first molars. Al-Dulaimy et al. (14) corroborated these findings in an Iraqi cohort and extended them by developing regression equations to estimate permanent first molar width based on the dimensions of primary second molars.

These findings underscore the relevance of primary teeth in mixed dentition analysis and highlight the need for further studies assessing tooth-specific correlations with permanent successors. In particular, the predictive value of primary canines and first molars for estimating permanent first molar widths remains unclear. To our knowledge, no study has investigated the mesiodistal width correlations between mandibular primary canines and molars and both their permanent successors and the permanent first molars within the same cohort.

The current study aimed to investigate the mesiodistal width correlation between mandibular primary canine and molars with permanent successors considering sex-related differences. Therefore, the study had two main objectives: 1) to investigate the mesiodistal width correlation between mandibular primary canine and molars with their permanent successors; and 2) to determine whether primary canine and molars can serve as reliable predictors of permanent mandibular first molar widths.



2 Material and methods


2.1 Sample collection and inclusion criteria

This study involved digitized dental models of 143 orthodontic patients (78 males, 65 females) aged between 4.7 and 13.6 years (9.34 ± 1.70 years) who were treated in the Orthodontic Department of the University Hospital Bonn (Germany). According to the principles of the Declaration of Helsinki the study was approved by the local Ethics Committee (No. 2024-100-BO). Written informed consent was taken from the patients and parents of patients under 18 years of age who participated in the present study.

Initially, orthodontic records of 1,432 patients were screened for those who had at least two dental plaster models in the mixed dentition stage and the permanent dentition stage. The conventional dental casts were digitized using the Scanner S600 ARTI (Zirkonzahn, Neuler, Germany).

Children with syndromes, oral clefts, or cases of bilaterally missing permanent teeth were not included in the study. Additionally, singular teeth presenting developmental alterations (such as shape or structure anomalies), carious lesions, enamel or dentin fractures, proximal fillings or prosthetic restorations were excluded.

The evaluation was performed by a single trained dentist. For intra-examiner reliability, ten randomly chosen models were evaluated twice in a two-week interval and the reliability was examined using intra-class correlation coefficients (ICC) and their 95% confidence intervals (ICC = 0.99).

The sample size estimation was performed assuming an alpha of 0.05, a beta of 0.20 and a minimum r (expected correlation coefficient) of 0.30, which predicted a minimum sample of 62 using sample-size.net (https://sample-size.net/correlation-sample-size/). Therefore, a minimum sample of 124 patients (62 of each sex) was established.



2.2 Mesiodistal measurement

The mesiodistal measurements of dental plaster models were performed with the dental imaging software OnyxCeph3™ (Image Instruments, Chemnitz, Germany). The mesiodistal dimension of each tooth was determined as the maximum distance between its interproximal contact points, measured perpendicular to its long axis. Firstly, the teeth were segmented using semi-automatic or manual tools. The most mesial and distal contact points were automatically generated on each tooth defining the maximum horizontal width of the tooth. After the landmarks were set, the mesiodistal dimension was calculated as the linear distance between these two points in millimeters (Figure 1).
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FIGURE 1
Onyxceph3 LAB: mesiodistal measurements of primary and permanent teeth. (A,B) Occlusal views of primary (A) and permanent teeth (B). (C,D) Buccal views of primary (C) and permanent teeth (D).


The mesiodistal measurements were performed on the left side of the following mandibular permanent canines, first and second premolars, first molar and primary canines, first and second molars. Teeth which did not meet the inclusion criteria (one canine, one first molar, and two second molars) were replaced with the corresponding contralateral teeth.



2.3 Statistical analysis

Data were analyzed using the GraphPad Prism statistics software (Version 9.3.1 for Windows, GraphPad Software, San Diego, California, USA). The normal distribution of the data was examined using the Shapiro–Wilk test. The Pearson correlation coefficient test was used to determine the correlation strength between the mesiodistal dimensions of primary and permanent teeth, and the strength of the correlations was determined according to the value of the “Correlation Coefficient”. The analysis was performed and described in the total sample and stratified according to the sex (males and females). T-test was used to compare sex morphometric differences. The adopted alpha established as 5% for all comparisons (p < 0.05).




3 Results

Firstly, the mean distribution of the mesiodistal width of primary and permanent teeth in the total sample and in relation to sex was analyzed. Our results indicate that males had statistically significant larger permanent teeth than females (t-test; p < 0.05). In contrast, a statistical significant difference of mesiodistal dimensions between both sexes was not observed for primary teeth (t-test; p > 0.05) (Table 1). First and second primary molars were larger than their permanent successors (first and second premolars), while primary canines were smaller than permanent canines. These data are shown in the Table 2.



TABLE 1 Mesiodistal dimensions of the evaluated teeth and comparisons among sexes.



	Tooth type
	Total
	Males
	Females
	p-value#



	n
	Min (mm)
	Max (mm)
	Mean
	SD
	n
	Min (mm)
	Max (mm)
	Mean
	SD
	n
	Min (mm)
	Max (mm)
	Mean
	SD





	Primary canine
	108
	4.72
	6.61
	5.71
	0.36
	66
	4.72
	6.61
	5.74
	0.39
	42
	4.93
	6.45
	5.66
	0.29
	0.2479



	Primary first molar
	113
	6.38
	8.58
	7.76
	0.39
	64
	6.38
	8.58
	7.79
	0.45
	49
	7.10
	8.30
	7.73
	0.30
	0.4198



	Primary second molar
	143
	8.45
	11.03
	9.89
	0.46
	78
	8.45
	11.03
	9.93
	0.50
	65
	8.98
	10.70
	9.85
	0.41
	0.2815



	Permanent canine
	143
	5.95
	8.10
	6.89
	0.43
	78
	6.06
	8.10
	7.02
	0.46
	65
	5.95
	7.64
	6.59
	0.33
	<0.0001*



	Permanent first premolar
	143
	6.04
	8.45
	7.22
	0.43
	78
	6.22
	8.45
	7.30
	0.46
	65
	6.04
	8.03
	7.09
	0.38
	0.0032*



	Permanent second premolar
	143
	6.14
	8.60
	7.32
	0.47
	78
	6.23
	8.60
	7.42
	0.47
	65
	6.14
	8.41
	7.20
	0.45
	0.0062*



	Permanent first molar
	143
	9.68
	12.83
	11.27
	0.59
	78
	9.86
	12.83
	11.49
	0.56
	65
	9.68
	12.03
	11.00
	0.52
	<0.0001*




	Min means minimum, max means maximum and SD means standard deviation.


	#t test was used.


	*Means statistical difference.









TABLE 2 The mean difference between primary and permanent teeth (in millimeters).



	Tooth type
	Mean difference (mm) (95% confidence interval)



	Total
	Males
	Females





	Primary second molar
	−2.58 (−2.68 to −2.47)
	−2.61 (−2.76 to −2.46)
	−2.62 (−2.78 to −2.46)



	Primary first molar
	−0.55 (−0.66 to −0.44)
	−0.57 (−0.72 to −0.41)
	−0.63 (−0.78 to 0.47)



	Primary canine
	1.18 (1.07 to 1.285)
	1.27 (1.13 to 1.42)
	0.96 (0.81 to 1.12)







Secondly, the relationship between primary canine and primary molars with their permanent successors for both sexes (Figures 2A–C), and for male (Figures 2D–F) and female patients (Figures 2G–I) was analyzed separately. A moderate correlation was observed in almost all comparisons. A moderate positive correlation was found between the widths of second primary molars and their permanent successors, as well as between primary and permanent canines, across the total sample and within both sexes groups (Pearson r ranging from 0.400 to 0.461 or from 0.462 to 0.512, respectively). The primary first molar showed a weak correlation with the first premolar for the total sample (Pearson r = 0.240) and males (Pearson r = 0.302), and none was observed for female patients (Pearson r = 0.048) (Figure 2).
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FIGURE 2
Correlation between the mesiodistal width of primary teeth and their successor permanent teeth. (A,D,G) Correlation between primary second molar and permanent second premolar for the total sample (A), males (D), and females (G). (B,E,H) Correlation between primary first molar and permanent first premolar for the total sample (B), males (E), and females (H). (C,F,I) Correlation between primary canine and permanent canine for the total sample (C), males (F), and females (I).


The analysis between primary canine and molars with permanent first molar revealed that the dimensions of all three evaluated primary teeth (canines, first and second molars) were moderately correlated with first permanent molar, with Pearson r ranging from 0.402 to 0.625 (Table 3).



TABLE 3 The correlation between permanent first molar and primary canines and molars.



	Tooth type
	Permanent first molar



	Total
	Males
	Females



	r
	p-value
	r
	p-value
	r
	p-value





	Primary second molar
	0.547
	<0.0001
	0.625
	<0.0001
	0.462
	0.0001



	Primary first molar
	0.468
	<0.0001
	0.533
	<0.0001
	0.402
	0.0092



	Primary canine
	0.469
	<0.0001
	0.430
	0.0003
	0.408
	0.0073




	All correlations were statistically significant (p < 0.05).









4 Discussion

The present study aimed to examine the correlation between the mesiodistal dimensions of primary and permanent canines and the posterior dentition, with particular focus on their potential to predict the mesiodistal width of the permanent teeth and manage the available and required space, taking the sex into consideration. An improved understanding of the relationship between primary and permanent teeth dimension could increase early assessment of potential space deficiencies, enabling timely orthodontic intervention and optimizing treatment planning.

Our analysis shows statistically significant moderate correlations between the mesiodistal widths of primary canines and second molars and those of their permanent successors. These relationships may be attributed to shared developmental pathways, including their origin from the successional lamina and exposure to similar morphogenetic influences during odontogenesis (15). In contrast, primary first molars exhibited non-significant association with the mesiodistal width of the first premolar, particularly in females. This observation may reflect the morphological variability characteristic of primary first molar and potential sex-linked differences in early dental development, which should be take into consideration in the space prediction (16, 17).

In relation to the permanent first molar, primary canines and primary molars showed moderate correlations, with predictive strength varying by tooth type. Consistent with earlier findings, the primary second molar demonstrated the highest correlation, particularly in males (13, 14, 18). This finding is in line with previous studies that reported similar relationships between the mesiodistal dimensions of primary second and permanent first molars, further supporting the predictive relevance of the primary second molar (13, 14, 18).

The primary second molar is considered the closest morphological analogue to the permanent first molar, a natural observation referred to as isomorphism (13). Permanent molars are classified as non-successional teeth and develop independently of the successional lamina (15). Since the permanent first molar develops during the continued formation of the primary second molar, this anatomical and temporal overlap may result in similar genetic, hormonal, and growth-related impacts.

Our findings observed the well-established pattern of larger permanent teeth in males, consistent with earlier research across diverse populations (19–21). Zorba et al. (21) observed that sexual dimorphism is generally more pronounced in European populations and among African Americans, Australian Aborigines, and Mexicans, while lower levels were reported in Asian and South American populations. They also noted that canines tend to exhibit the highest degree of dimorphism across most groups. This population-specific variability of sexual dimorphism reflects a complex interaction of multifactorial influences on dental development (21). Alvesalo (22) emphasized the role of sex chromosomes in enamel and dentin development, providing a genetic basis for observed differences in tooth dimensions. In contrast, our study found no statistically significant sex differences in the primary dentition, a result consistent with previous findings (23, 24). As suggested by Lukacs, the reduced dimorphism in primary teeth may be attributed to the limited role of postnatal sex hormones, as primary tooth formation begins during early prenatal development (23). This assumption is further supported by Gil-Donoso et al. (24), who observed no significant sex-related differences in enamel and dentin proportions of primary canines. Primary teeth size appears to be more strongly genetically controlled than permanent teeth, as hormonal effects increase during puberty (24, 25).

The present study provides evidence for the predictive utility of primary canines and molars in estimating the mesiodistal width of the mandibular permanent back teeth. Among all examined tooth types, the primary second molar exhibited the strongest correlation with its successor and with first mandibular molar, indicating a higher degree of reliability within this subgroup. In comparison, the primary first molar demonstrated a weak correlation with its permanent successor for the total sample and for male patients, while no correlation was observed in females. This indicates that while certain primary teeth may offer early insight into future space requirements, their predictive strength is influenced by both tooth type and sex.

The early mixed dentition phase represents a clinically reliable period for evaluating the risk of malocclusion and space deficiency (26). At this stage, space analysis enables the early identification of potential discrepancies, forming the basis for timely orthodontic intervention. In light of the present findings, primary second molars may be considered potential indicators in early treatment planning, particularly with regard to interceptive strategies such as space maintenance or serial extraction (27). Early intervention has been associated with a reduced need for more extensive treatment in adolescence (1, 26). In line with this, the American Academy of Pediatric Dentistry emphasizes the relevance of eruption guidance and growth monitoring as integral components of pediatric oral health care (1). Moreover, early management of dentofacial anomalies during growth contributes not only to improve functional and aesthetic outcomes but also to long-term treatment stability (1).

Advancements in digital technologies have further enhanced the ability to perform early diagnostic measurements with greater precision and reproducibility (5, 19). Intraoral scanners and three-dimensional imaging techniques allow for non-invasive, reproducible measurements and provide a reliable alternative to conventional methods (5, 19).

The longitudinal design of the present study allows for the observation of developmental changes from primary to permanent dentition within the same individuals. This design minimizes inter-individual variability and strengthens the internal validity of the findings. However, the homogeneity of the study sample limits the generalizability of the findings to other populations.

It is also important to mention that the analysis focused on the left mandibular side, which limits the generalizability of the findings to right side. To improve external validity, future studies should aim to replicate these results across distinct populations and evaluating both sides (left and right). Standardized digital measurement methods, combined with population- and sex-specific datasets, may contribute to the development of clinically applicable tools for space analysis and individualized treatment planning in pediatric dentistry to predict the required space in millimeters.



5 Conclusion

A correlation between primary and permanent canine and posterior dentition was observed. Our results show that primary canine and molars could be seen as useful diagnostic tool to predict permanent teeth dimension. These primary teeth may offer early insight into future space requirements, however their predictive strength is influenced by both tooth type and the patient's sex.
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