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Abstract 
 

Background:  

The morphology of the mandibular dental arch varies across individuals and populations, 

influenced by factors such as gender, ethnicity, and malocclusion. Recognizing arch form 

differences is essential for achieving functional stability and esthetic balance in orthodontic 

treatment. This study aimed to determine the frequency and distribution of different 

mandibular arch forms tapered, square, and ovoid among orthodontic patients visiting 

Karachi Medical and Dental College (KMDC), and to evaluate the association between arch 

form and gender. 

Methodology:  

A descriptive cross-sectional study was conducted at the Department of Orthodontics, 

KMDC, Karachi, from January to June 2024. A total of 220 patients aged 12–35 years were 

selected through convenience sampling. Mandibular arch forms were assessed on dental casts 

using 3M Unitek preformed templates (tapered, square, and ovoid). Data were analyzed using 

SPSS version 20.0. Frequencies and percentages were calculated for categorical variables, 

and mean ± SD for age. The Chi-square test was applied to assess the association between 

gender and arch form, with p ≤ 0.05 considered statistically significant. 

Results:  

Of the 220 participants, 52 (23.6%) were males and 168 (76.4%) females, with a mean age of 

19.33 ± 4.45 years. The ovoid arch form was most prevalent (39.1%), followed by the tapered 

(33.6%) and square (27.3%) forms. Gender-based differences were significant, as males 

predominantly exhibited tapered arches (46.2%) while females showed a higher frequency of 

ovoid arches (44.0%) (p = 0.019). 

Conclusion:  

The ovoid arch form was the most common among orthodontic patients, with significant 

gender differences observed. These findings provide valuable reference data for orthodontic 

diagnosis, archwire selection, and population-based treatment planning in Pakistani patients. 
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Introduction 
In orthodontics, achieving an esthetic, functional, and stable arch 

form is a fundamental treatment objective. The pre-treatment dental 

arch morphology serves as a critical guide for ensuring long-term 

post-treatment stability, as the dental arch tends to return to its 

original shape after appliance removal if excessive alteration occurs 

[1]. Evaluating arch form before treatment helps orthodontists design 

individualized treatment plans that respect the patient’s inherent 

morphology and minimize relapse tendencies [2]. 

 

The dental arch reflects the spatial relationship of teeth within the jaw 

and results from the interplay of skeletal structure, soft-tissue 

dynamics, and environmental factors [3,4]. Historically, human arch 

forms have been classified into geometric patterns such as parabolic, 

elliptical, and catenary shapes, while clinically, they are categorized 

as tapered, square, and ovoid [5–7]. Numerous studies have examined 

the relationship between arch form and factors such as gender, 

malocclusion type, and ethnicity, but no universal pattern has been 

established [8,9]. 

 

Previous research conducted in Turkey revealed that the tapered arch 

form was the most prevalent (62.5%), followed by ovoid (27.3%) and 

square (10.2%), with gender-related variations noted [10–13]. 

Similarly, comparative studies between Caucasian and Japanese 

populations demonstrated significant differences in arch width and 

depth, although no single arch form could be attributed to a specific 

ethnic group [14–16]. In Pakistan, limited data exist on the frequency 

of mandibular arch forms across diverse populations. Studies from 

Lahore and Karachi have shown ovoid arches to be the most common, 

though methodological variations make direct comparisons difficult 

[17]. 

 

Understanding the frequency and pattern of mandibular arch forms in 

the local population is essential for optimizing archwire selection, 

improving treatment outcomes, and ensuring post-treatment stability. 

Therefore, this study was designed to evaluate the distribution of 

mandibular arch forms, tapered, square, and ovoid among orthodontic 

patients attending a tertiary care dental hospital in Karachi, and to 

analyze their association with gender. 
 

Methodology 
 

Study Design 

This was a descriptive cross-sectional study conducted to determine 

the frequency and distribution of different mandibular arch forms 

tapered, square, and ovoid among orthodontic patients. The study was 

carried out in the Department of Orthodontics, Karachi Medical and 

Dental College (KMDC), Karachi, Pakistan, over a six-month period 

from January to June 2024.  

 

Ethics 

The research proposal was reviewed and approved by the Research 

Evaluation Unit, Registration and Research Cell, College of 

Physicians and Surgeons Pakistan (CPSP) (Ref. No. 

CPSP/REU/DSG-2015-174-1506, dated September 5, 2017). The 

study adhered to the ethical standards outlined in the Declaration of 

Helsinki and the ethical policies of CPSP. Written informed consent 

was obtained from each participant before enrollment, and for minors 

under 18 years of age, consent was obtained from a parent or legal 

guardian. All data were anonymized to ensure confidentiality and 

privacy. 

 

 

Setting 

The study was conducted at the Department of Orthodontics, KMDC, 

which functions as a tertiary care center providing comprehensive 

orthodontic services.  

 

Participants 

The study population comprised patients aged 12 to 35 years who 

presented to the Orthodontics Department for consultation or 

treatment. Convenience sampling was employed to recruit 

participants fulfilling the inclusion criteria until the target sample size 

of 220 was reached. Patients with full permanent dentition (excluding 

third molars), no history of orthodontic treatment, and availability of 

good-quality dental casts suitable for evaluation were included in the 

study. While those with craniofacial anomalies such as cleft lip or 

palate, severe crowding or spacing that distorted the natural arch 

form, missing anterior or posterior teeth (other than third molars), or 

a history of trauma or restorative work that altered the natural arch 

configuration were kept in the exclusion criteria.  

 

Variables 

The primary dependent variable was the type of mandibular arch 

form, categorized as ovoid, tapered, or square. Independent variables 

included gender and age, which were analyzed to assess their 

relationship with arch form distribution. 

 

Data Sources and Measurement 

After informed consent, alginate impressions of the mandibular arch 

were taken for each participant and immediately poured using Plaster 

of Paris to create accurate dental casts. The arch form of each cast was 

evaluated using 3M Unitek preformed arch-form templates (3M 

Unitek, Monrovia, California, USA). The template was positioned to 

align with the cusp tips of canines and buccal cusps of premolars and 

molars. The arch form providing the best fit along the buccal 

curvature was classified as the participant’s mandibular arch type. 

 

To ensure measurement precision, examiner calibration was 

performed on 20 randomly selected study models, which were re-

evaluated after one week. Intra-examiner reliability was assessed 

using the Kappa coefficient (κ = 0.87), indicating excellent 

agreement. All subsequent evaluations were carried out by the same 

examiner under the supervision of an orthodontic specialist to 

minimize inter-observer variability. 

 

Bias 

Several measures were taken to reduce potential bias. Examiner 

calibration minimized measurement bias, while the use of 

standardized 3M Unitek templates ensured procedural uniformity. 

Selection bias was reduced by consecutively enrolling all eligible 

patients during the study period, and inter-observer bias was avoided 

by having a single trained examiner perform all measurements. 

Confidential handling of data further prevented information bias. 

 

Study Size 

The sample size of 220 participants was determined to achieve 

sufficient statistical power to detect a meaningful difference in arch 

form frequency across genders, based on previous regional studies. 

Sampling continued until this number was achieved, ensuring 

adequate representation for comparative analysis. 

 

Quantitative Variables 

Quantitative data such as age were summarized using mean and 

standard deviation, while categorical variables like gender and arch 

form were expressed as frequencies and percentages. The relationship 
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between arch form and gender was examined as the primary 

quantitative outcome. 

 

Statistical Methods 

All data were entered and analyzed using SPSS version 20.0. 

Descriptive statistics were computed for demographic variables, 

while inferential statistics were applied to test associations. The Chi-

square test was employed to evaluate the relationship between arch 

form and gender, with a p-value ≤ 0.05 considered statistically 

significant. Post-stratification Chi-square analysis was also 

performed to control for potential effect modifiers such as age and 

malocclusion type. 
 

Results 
 

Participants 

A total of 220 participants were included in this study, comprising 52 

males (23.6%) and 168 females (76.4%). The participants’ age ranged 

from 12 to 35 years, with a mean age of 19.33 ± 4.45 years. All 

participants met the inclusion criteria of having complete permanent 

dentition (excluding third molars) and no prior orthodontic treatment.  

 

Descriptive Data 

The mean age distribution suggested that most patients seeking 

orthodontic treatment at KMDC were young adults in their late teens. 

The sample demonstrated a gender imbalance, with a higher 

proportion of female patients, consistent with trends observed in other 

orthodontic outpatient populations.  

 

Outcome Data 

Among the three mandibular arch forms evaluated, the ovoid type was 

found to be the most prevalent, followed by the tapered and square 

forms. Specifically, 86 participants (39.1%) exhibited an ovoid arch, 

74 (33.6%) showed a tapered form, and 60 (27.3%) displayed a square 

form.  

 

Main Results 

When analyzed by gender, notable variations in arch form frequency 

were observed. Among male participants, the tapered arch form was 

most common, recorded in 24 individuals (46.2%), followed by the 

square (30.8%) and ovoid (23.0%) types. In contrast, the ovoid arch 

form predominated among females, found in 74 individuals (44.0%), 

while tapered (29.8%) and square (26.2%) forms were less frequent.  

 

Statistical analysis using the Chi-square test revealed a significant 

association between gender and arch form (χ² = 7.97, p = 0.019), 

indicating that the distribution of mandibular arch forms varied 

significantly between males and females. 

 

Overall, these results suggest that gender plays a role in determining 

mandibular arch morphology, with females tending toward ovoid 

arches and males showing a higher frequency of tapered forms. The 

ovoid arch, however, remains the most prevalent overall, reinforcing 

its clinical relevance in orthodontic diagnosis, wire selection, and 

treatment planning for achieving stable post-treatment outcomes. 

 

 

 

 
 

Figure 1: Frequency of Arch form. 
 

Table 1: Gender wise comparison of Arch form among the enrolled patients. 

 
Arch form Male  Female p-value 

Tapered  24 50 

0.019* Square 16 44 

Ovoid  12 74 
*p ≤ 0.05 indicates statistically significant association based on Chi-square test. 

 

Discussion 
Complete accumulation, correlation, and evaluation of each patient’s 

biomechanical and morphological characteristics allowed the dentist 

to determine the frequency of mandibular arch forms in the study 

population [18, 19]. Multiple studies have investigated the 

distribution of arch forms in different populations, and these findings 

provide important context for interpreting the results of the present 

study. 

 

One study reported that the tapered arch form was the most prevalent, 

followed by the ovoid type, while the square form was the least 

common [20]. A similar pattern was observed in a 2011 study 

conducted on a Turkish population comprising 600 participants (362 

females and 238 males). In that study, the tapered form was most 

frequent (62.5%), followed by the ovoid (27.3%) and square forms 

(10.2%) [21]. Gender-related differences in arch morphology were 

also noted, suggesting that biological sex may influence dental arch 

dimensions. 
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In contrast to these findings, the present study found the ovoid arch 

form to be the most common, followed by tapered and square forms. 

This is consistent with data from a Pakistani study evaluating 250 

patients at Lahore Medical and Dental College, where the distribution 

based on Noroozi’s mathematical model also showed the ovoid form 

as most frequent (82%), square as the second most common (64%), 

and tapered as the least prevalent (11.2%) [22]. 

 

Another investigation conducted in 2012 on 200 randomly selected 

outpatients from CSMSS Dental College, Aurangabad, India, also 

supports these findings. That study reported that the ovoid arch form 

was most common (50%), followed by tapered (32.5%), with square 

being the least frequent (17.5%) [1]. These results align well with the 

present study, reaffirming that the ovoid arch form appears to 

dominate in South Asian populations. 

 

Ethnic variation may contribute substantially to differences in dental 

arch morphology. Research has shown that populations of different 

ethnic backgrounds may exhibit distinct arch characteristics [23,24]. 

For example, a comparative study conducted in 2001 assessed 

Caucasian and Japanese individuals to examine morphological 

differences in mandibular arch form. The study found that the 

Caucasian population tended to have significantly narrower arch 

widths and greater arch depth compared with the Japanese sample 

[16]. Interestingly, when the groups were reorganized based on arch 

form categories, rather than ethnicity, no statistically significant 

differences in arch dimensions were observed between the two 

populations. This suggests that while craniofacial morphology may 

vary among ethnic groups, arch form categories themselves are not 

strictly tied to ethnicity or Angle’s classification. Instead, the 

frequency of specific arch forms varies across populations, influenced 

by both genetic and environmental factors. 

 

Limitations 
The present study was limited by its single-center design and the use 

of a convenience sampling method, which may restrict the 

generalizability of results to the wider Pakistani population. The study 

sample, although adequately powered, primarily represented patients 

attending an urban tertiary care facility, and hence may not reflect 

rural or ethnically diverse groups. Furthermore, only mandibular 

arches were analyzed, while maxillary arch forms were not included 

for comparison. Future research should employ a multi-center 

approach with a larger and more diverse sample size to validate these 

findings across different regions and ethnicities. Additionally, 

incorporating digital 3D scanning and morphometric analysis could 

enhance measurement precision and allow for more robust 

comparisons of arch dimensions and shape variability. 

 

Conclusion 
This study identified the ovoid mandibular arch form as the most 

prevalent pattern among orthodontic patients attending a tertiary care 

hospital in Karachi, followed by the tapered and square forms. A 

significant association between gender and arch form was observed, 

with males exhibiting a higher frequency of tapered arches and 

females demonstrating a predominance of ovoid arches. These 

findings highlight the importance of recognizing gender-based 

variations and population-specific arch form characteristics during 

orthodontic diagnosis and treatment planning. Understanding the 

natural arch morphology not only facilitates appropriate archwire 

selection but also contributes to improved treatment stability and 

post-treatment outcomes. Future multi-center studies with larger and 

more diverse samples, as well as incorporation of advanced digital 

measurement tools, are recommended to further validate and expand 

upon these results within the Pakistani population. 
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