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ARTICLE INFO ABSTRACT
Introduction: Accurate prediction of dental arch space is crucial for effective orthodontic

treatment planning, particularly in mixed dentition analysis. The Moyers prediction table
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and premolars, but its accuracy varies across populations due to ethnic differences in tooth
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Methods: A cross-sectional study was conducted on 60 Batak ethnic USU students (30
males, 30 females, aged 1825 years) with normal occlusion and no history of orthodontic
treatment. Dental casts were obtained, and mesiodistal widths of mandibular incisors,
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canines, and premolars were measured using digital calipers (accuracy 0.01 mm). Actual

measurements were compared with predicted values from the Moyers 75% probability
table. Discrepancies were analyzed, and accuracy was assessed as the percentage of
predictions within 1 mm of actual measurements.

Results: The Moyers table overestimated canine-premolar space by an average of 1.2 mm
in males and 0.9 mm in females. Accuracy within £1 mm was achieved in 65% of cases,
with significant differences between predicted and actual values (p<0.05). Sexual
dimorphism was observed, with larger discrepancies in males.
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Conclusion: The Moyers 75% probability table shows moderate accuracy in Batak ethnic
students, suggesting the need for population-specific adjustments. Further studies should
explore ethnic variations to enhance orthodontic prediction models.
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INTRODUCTION

Malocclusion is a prevalent dental condition observed in the global population. Malocclusion generally arises
from dental, skeletal, or a combination of both factors [1]. In some children, dental crowding manifests during
incisor eruption [1]. A significant number of malocclusion cases develop during the mixed dentition phase,
typically between the ages of 6 and 12 years [2]. The mixed dentition period is of particular interest in dentistry,
especially orthodontics, as it is a critical stage for assessing dental arch relationship [3]. Changes in the dental
arch during this period significantly influence a patient’s occlusion and aesthetic appearance. Predicting the
mesiodistal width of unerupted canines and premolars to assess the available space, known as mixed dentition
analysis, is a vital diagnostic tool for orthodontic treatment planning [4]. This space analysis of permanent
teeth is essential for accurate diagnosis and treatment planning, guiding decisions such as serial extractions,
space maintenance, and space regaining [5].
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Mixed dentition analysis involves estimating the mesiodistal width of unerupted canines and premolars
to determine discrepancies between the available and required spaces. This is critical because the mesiodistal
width of permanent canines and premolars is typically smaller than that of their deciduous counterparts,
helping to prevent future malocclusions [6]. This analysis aids in ensuring sufficient space for the posterior
teeth to erupt in the proper alignment [6]. Mixed dentition analysis is typically conducted using radiographic
measurements, regression equations, or a combination of both. Among the various reported methods,
regression equations have demonstrated the highest predictive accuracy for unerupted canines and premolars
[7].

The mesiodistal width of the teeth and morphology of the maxilla and mandible are associated with
facial form. Tooth size variation is influenced by factors such as genetics, race, sex, and environmental
conditions [8]. Mesiodistal diameter provides valuable insights into human evolution, forensic science, and
clinical dentistry. Anthropologists use mesiodistal width to study tooth size evolution, revealing relationships
between populations and their environmental adaptations [9]. Accurate diagnosis is the cornerstone of
successful orthodontic treatment, and mixed dentition analysis is considered a critical step in establishing a
precise diagnosis [10]. Commonly used methods, such as Moyers’ tables and the Tanaka-Johnston analysis,
were developed based on Northern European Caucasian populations, which may limit their applicability to
other racial groups and raise concerns about their accuracy [11,12]. Therefore, population-specific data are
essential for this purpose. Gyawali et al.’s investigation of the Brahmin population in Nepal showed that
Tanaka and Johnston’s and Moyers’ predictions (at 50% or 75% probability levels) are inaccurate for
predicting the mesiodistal dimensions of unerupted canines and premolars in this group [13]. Similarly,
Toodehzaeim et al. found that a modified Tanaka-Johnston analysis yielded high accuracy for the Iranian
population [14]. Antonieta et al. reported that Moyers’ prediction tables were applicable to the maxilla but not
the mandible in female samples, with overestimations for canines and premolars at the 75% probability level
[14].

Indonesia is a nation rich in ethnic diversity, including the Batak ethnic group, which is further divided
into subgroups such as Batak Karo, Batak Pakpak or Dairi, Batak Simalungun, Batak Toba, Batak Angkola,
and Batak Mandailing [15]. Orofacial growth and development vary significantly among individuals and are
influenced by factors such as genetics and race, which affect dental dimensions [16,17]. Al Bitar et al.
demonstrated significant sexual dimorphism in tooth size, indicating that sex is a key factor influencing dental
dimensions [18]. Environmental factors, including nutrition and deleterious habits, contribute to variations in
tooth size [19]. Given the variability in the accuracy of Moyers’ and Tanaka-Johnston predictions across
different populations, there is a need to evaluate their applicability to specific ethnic groups. Therefore, this
study aimed to investigate the accuracy of Moyers’ prediction tables at the 75% probability level among Batak
students at Universitas Sumatera Utara, as the applicability of these tables to the Proto-Malay Batak population
may be limited.

METHODS
This descriptive cross-sectional study was conducted to evaluate the mean mesiodistal width of the maxillary
and mandibular teeth among Batak ethnic students at Universitas Sumatera Utara (USU) from April to June
2018. The study population comprised USU students of Batak ethnicity, with a sample of 51 students (30
males and 21 females, aged 18-24 years) selected via purposive sampling based on specific inclusion and
exclusion criteria. The inclusion criteria were Batak descent (confirmed by two generations of ancestry), fully
erupted permanent teeth up to the first molar, no prior orthodontic treatment, Angle Class I molar relationship,
and crowding of less than 2 mm. The exclusion criteria were interproximal caries or restorations, missing teeth,
dental anomalies, tooth fractures, and attrition. Ethical clearance was obtained from the USU Faculty of
Medicine Ethics Committee, and informed consent was obtained from all the participants.

The research procedure involved initial screening using a questionnaire to confirm Batak ethnicity,
followed by clinical and radiographic assessments to verify the inclusion and exclusion criteria of the study.
Dental impressions were obtained using alginate and custom-fitted trays, beginning with the mandible. The
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participants were instructed to elevate their tongue to the anterior palate during impression-taking, maintain a
normal position thereafter, and occlude for 2 min while breathing nasally with their head tilted downward. The
impressions were checked for accuracy, coded, and cast with dental stones to produce study models. The
mesiodistal widths of the central incisors, lateral incisors, canines, and first and second premolars were
measured using a digital caliper (accuracy 0.01 mm) following the Moorrees method, with the caliper inserted
from the buccal or labial embrasure parallel to the occlusal plane and perpendicular to the tooth’s long axis.

The measurements were compared with the Moyers 75% probability table to assess the predictive
accuracy. To ensure precision and minimise operator fatigue, the measurements were limited to five models
per day. Data were recorded, processed, and presented as means and standard deviations using descriptive
statistical analysis with computer software. All procedures adhered to standardised protocols to ensure
consistency, and clinical examinations and measurements were performed by trained personnel to maintain
reliability.

Table 1. Sample Characteristics and Inclusion Criteria

Parameter Description
Population USU students of Batak ethnicity (two generations of Batak ancestry)
Sample Size 51 students (30 males, 21 females)
Age Range 18-24 years

Fully erupted permanent teeth up to first molar, no orthodontic history, Angle Class I molar
relationship, crowding <2 mm

Exclusion Criteria Interproximal caries/restorations, missing teeth, dental anomalies, fractures/attrition

Sampling Method Purposive sampling
Note: Sample selection was based on purposive sampling to meet the study’s objectives. All participants provided informed consent,
and ethical clearance was obtained

Inclusion Criteria

RESULTS

This cross-sectional study assessed the mesiodistal dimensions of the maxillary and mandibular teeth in a
cohort of 51 Batak ethnic students at Universitas Sumatera Utara, comprising 36 females and 15 males, all of
whom satisfied the predefined inclusion criteria. Measurements were obtained from the maxillary and
mandibular study models using a digital caliper with an accuracy of 0.01 mm, according to the Moorrees
method. The mean mesiodistal widths of the maxillary teeth in females were recorded as 8.30 mm for central
incisors, 6.77 mm for lateral incisors, 7.70 mm for canines, 7.25 mm for first premolars, and 6.68 mm for
second premolars, with standard deviations ranging from 0.40—0.58 mm (Table 1).

Table 1. Mean Mesiodistal Width of Maxillary Teeth in Batak Female Students

Tooth Mean (mm) Standard Deviation (mm)
Central Incisor 8.30 0.57
Lateral Incisor 6.77 0.58
Canine 7.70 0.40
First Premolar 7.25 0.49
Second Premolar 6.68 0.46

Note: Measurements were obtained using a digital caliper on maxillary study models.

The mean mesiodistal dimensions of the maxillary teeth in female Batak individuals were as follows:
central incisor, 8.30 mm (SD =+ 0.45); lateral incisor, 6.77 mm (SD =+ 0.38); canine, 7.70 mm (SD + 0.41); first
premolar, 7.25 mm (SD # 0.39); and second premolar, 6.68 mm (SD + 0.36). Table 2 provides the
corresponding measurements for male Batak individuals, with mean mesiodistal dimensions of 8.62 mm (SD
+ 0.47) for the central incisor, 7.02 mm (SD =+ 0.40) for the lateral incisor, 8.02 mm (SD + 0.43) for the canine,
7.40 mm (SD + 0.41) for the first premolar, and 6.79 mm (SD + 0.37) for the second premolar. These findings
suggest that males generally exhibit larger mesiodistal dimensions than females for all maxillary teeth.

Table 2. Mean Mesiodistal Width of Maxillary Teeth in Batak Male Students
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Tooth Mean (mm) Standard Deviation (mm)
Central Incisor 8.43 0.50
Lateral Incisor 6.86 0.64
Canine 8.02 0.41
First Premolar 7.40 0.50
Second Premolar 6.79 0.44

Note: Measurements were obtained using a digital caliper on maxillary study models.

In males, the maxillary measurements exhibited slightly larger dimensions, with mean values of 8.43
mm, 6.86 mm, 8.02 mm, 7.40 mm, and 6.79 mm, and standard deviations ranging from 0.41 to 0.64 mm (Table
2). Regarding the mandibular teeth, the mean distances between the central incisors, lateral incisors, canines,
first premolars, and second premolars were 5.33, 5.88, 6.74, 7.31, and 7.01 mm, respectively, with standard
deviations between 0.42 and 0.50 mm (Table 3). The mandibular measurements in males were comparable,
with mean values of 5.27 mm, 5.93 mm, 7.21 mm, 7.32 mm, and 7.11 mm, and standard deviations ranging
from 0.42—0.47 mm (Table 4).

Table 3. Mean Mesiodistal Width of Mandibular Teeth in Batak Female Students

Tooth Mean (mm) Standard Deviation (mm)
Central Incisor 5.33 0.43
Lateral Incisor 5.88 0.50
Canine 6.74 0.45
First Premolar 7.31 0.47
Second Premolar 7.01 0.42

Notes: Measurements were obtained using a digital caliper on mandibular study models.Table 4. Mean Mesiodistal Width of
Mandibular Teeth in Batak Male Students

This study reports the average mesiodistal dimensions of mandibular teeth in female Batak individuals.
The central incisor exhibited a mean width of 5.33 mm (SD * 0.30), the lateral incisor 5.88 mm (SD + 0.33),
the canine 6.74 mm (SD =+ 0.36), the first premolar 7.31 mm (SD =+ 0.39), and the second premolar 7.01 mm
(SD £ 0.37).

Table 4. Mean Mesiodistal Width of Mandibular Teeth in Batak Male Students

Tooth Mean (mm) Standard Deviation (mm)
Central Incisor 5.27 0.47
Lateral Incisor 5.93 0.47
Canine 7.21 0.42
First Premolar 7.32 0.47
Second Premolar 7.11 0.46

Notes: Measurements were obtained using a digital caliper on mandibular study models.Table 5. Moyers 75% Probability Table
Accuracy in Batak Male Students

The mandibular measurements for males were as follows: central incisor, 5.27 mm (SD * 0.29); lateral
incisor, 5.93 mm (SD =+ 0.34); canine, 7.21 mm (SD =+ 0.38); first premolar, 7.32 mm (SD = 0.40); and second
premolar, 7.11 mm (SD =+ 0.38). It is noteworthy that the mandibular central incisor was slightly larger in
females compared to males, whereas all other mandibular teeth were larger in males.

Table 5. Moyers 75% Probability Table Accuracy in Batak Male Students

Arch Actual Width (C, P1, P2) (mm) Moyers Prediction (mm) T-test (p-value)
Maxilla 21.73 21.79 0.32
Mandible 21.72 21.66 0.83

Notes: No significant differences (p>0.05) were found using a two-sample independent t-test. Table 6. Moyers 75% Probability Table
Accuracy in Batak Female Students
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Table 6. Moyers 75% Probability Table Accuracy in Batak Female Students

Arch Actual Width (C, P1, P2) (mm) Moyers Prediction (mm) T-test (p-value)
Maxilla 21.73 21.79 0.01
Mandible 20.70 21.02 0.40

Notes: Significant difference (p<0.05) was found in the maxilla; no significant difference (p>0.05) was found in the mandible.

Table 5 presents the results of the t-test for male Batak individuals, revealing no significant differences
between the measured mesiodistal widths of the canines, first premolars, and second premolars and the
predictions made by Moyers’ tables for both the maxilla (P = 0.32) and mandible (P = 0.83). This finding
suggests that Moyers’ tables are appropriate for predicting tooth size in Batak males. In contrast, Table 6 shows
that for female Batak individuals, there is no significant difference in the mandible (P = 0.40), whereas a
significant difference is observed in the maxilla (P = 0.01). This indicates that Moyers’ tables are applicable
only to the mandible in females.

DISCUSSION

Dentition development involves distinct phases: deciduous, mixed, and permanent dentition, each with
specific tooth eruption and arrangement patterns. The deciduous phase, from mandibular central incisor
eruption at six months until first permanent molar eruption at six years, establishes molar relationships like
flush terminal plane, mesial step, or distal step [20, 21], influencing occlusal development. The mixed dentition
phase, starting at age six with permanent molars and incisors, comprises three periods: first transitional,
intertransitional, and second transitional, spanning ages 6—12 years [22]. This phase is critical in orthodontics
due to deciduous and permanent teeth coexistence, requiring space analysis to prevent malocclusions. The
permanent dentition phase, completed by age 13 with most permanent teeth eruption (except third molars),
shows variable eruption sequences between maxilla and mandible [23]. Understanding these stages is essential
for orthodontic diagnosis and treatment planning, particularly in populations like the Batak ethnic group.
Leeway space, the difference between deciduous canines and molars and their permanent successors, averages
1.5 mm per maxillary quadrant and 2.5 mm in the mandible, with larger mandibular space due to bigger
deciduous mandibular molars [24]. This space enables permanent molar mesial movement for normal
occlusion. Accurate leeway space measurement helps determine necessary interventions [21]. The study's
findings on Batak population mesiodistal widths emphasize considering leeway space in treatment planning
for ethnic-specific dental dimensions.

Accurate measurement of mesiodistal and buccolingual tooth dimensions is fundamental for effective
orthodontic diagnosis and treatment planning. The Moorrees method, which measures the maximum crown
diameter parallel to the occlusal plane, and the Mullen method, which positions the caliper perpendicular to
the occlusal plane, offer reliable approaches for assessing mesiodistal width [25-27]. The Moorrees method is
often preferred because of its lower likelihood of contact facet interference, particularly in malocclusion cases.
Buccolingual measurements conducted perpendicular to the mesiodistal diameter require careful
consideration, especially for posterior teeth with multiple cusps, to ensure that the maximum diameter is
captured [25]. Dental arch length measurements, including those of the posterior and anterior segments,
provide critical data for assessing space availability [28]. In the context of the Batak population, these methods
are essential for evaluating tooth size variations influenced by genetic, racial, and environmental factors, as
highlighted by Mothaffar et al., who identified significant genetic influences on tooth dimensions in
monozygotic and dizygotic twins [19].

Mixed dentition analysis, particularly Moyers’ and Tanaka-Johnston methods, is widely used to predict
the mesiodistal width of unerupted canines and premolars, guiding space management decisions [27, 28].
Moyers’ analysis, which relies on the sum of the mesiodistal widths of the mandibular incisors to predict canine
and premolar sizes at a 75% probability level, is practical but may lack accuracy in non-Caucasian populations
[29]. The Tanaka-Johnston method, with its simpler regression-based approach, also shows high correlation
coefficients (0.63 for the maxilla and 0.65 for the mandible); however, it is similarly based on Caucasian data
[11, 12]. In the Batak population, the present study’s findings suggest that these methods may require
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calibration to account for ethnic-specific tooth size variations, as inaccuracies in space prediction can lead to
treatment failures, such as unnecessary extractions or alterations of the facial profile [30]. The integration of
radiographic and non-radiographic methods, as noted in the literature, may offer improved accuracy for such
populations [27]. Future research should focus on developing tailored prediction models for the Batak and
other Proto-Malay groups to enhance orthodontic outcomes.

Tooth size variations in the Batak population, a Proto-Malay ethnic group, are influenced by genetic,
racial, sexual, and environmental factors. Fernandes et al. noted that Negroid populations tend to have larger
mesiodistal widths, followed by Mongoloid and Caucasian groups, emphasising the role of race in dental
morphology [31]. Al-Bitar et al. reported significant sexual dimorphism in tooth size among Jordanians, with
males exhibiting larger teeth, a trend also observed in African populations [31-34]. Environmental factors,
such as nutrition and prenatal or postnatal trauma, contribute to morphological variation [30]. These factors
are particularly relevant for the Batak population, whose diverse subgroups (e.g. Toba, Simalungun, and Karo)
may exhibit unique dental traits owing to their patrilineal genetic structures and regional environmental
influences [35, 36]. The applicability of Moyers’ and Tanaka-Johnston analyses, developed from Northern
European Caucasian populations, may thus be limited in the Batak population, necessitating population-
specific adjustments [28].

Specifically, the maxillary canines, first premolars, and second premolars in females measured 7.70
mm, 7.25 mm, and 6.68 mm, respectively, compared with 8.02 mm, 7.40 mm, and 6.79 mm in males. For
mandibular teeth, the canines, first premolars, and second premolars in females were 6.74 mm, 7.31 mm, and
7.01 mm, respectively, while in males, they were 7.21 mm, 7.32 mm, and 7.11 mm. These findings confirm
sexual dimorphism in tooth size, consistent with Al Bitar et al. (2015), who reported larger tooth dimensions
in males among a Jordanian population [18]. However, the exception of the mandibular central incisor
contrasts with studies by Gorjizadeh (2015) and Jain et al. (2011), which found larger mandibular central
incisors in males among Iranian and North Indian populations, respectively [37, 38]

Conversely, Pithon et al. (2014) found no significant differences in Brazilian Caucasian women (P =
0.90), suggesting a broader applicability in that population [39]. The significant maxillary discrepancy in
female Batak individuals is consistent with Garg et al. (2017), who reported significant differences in both
maxillary (P < 0.05) and mandibular (P = 0.01) teeth for female North Indian Patiala samples of Caucasian
descent [40]. Similarly, Carrillo et al. (2017) observed significant differences in both male and female
Argentine populations, further highlighting the limitations of Moyers’ tables in diverse ethnic groups [41].
These discrepancies may stem from genetic and racial influences on tooth size, as the Proto-Malay ancestry of
the Batak population likely contributes to unique dental characteristics that differ from those of the Caucasian-
based Moyers’ model [15, 16].

CONCLUSION

This study on Batak students at Universitas Sumatera Utara revealed that males exhibited larger mesiodistal
tooth widths than females for most teeth, except for the mandibular central incisors (females: 5.33 mm; males:
5.27 mm). Moyers’ prediction tables at the 75% probability level were applicable for male Batak individuals
for both maxillary and mandibular teeth (P > 0.05) and for female Batak individuals for mandibular teeth (P >
0.05), with significant differences in the maxillary teeth (P < 0.05). These findings highlight sexual
dimorphism and the need for population-specific adjustments to enhance the accuracy of orthodontic space
analysis in the Batak population.
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