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Abstract
Background: Growth and development of the dental arch is considered a continuous and complex biological pro‑
cess. During transition from primary to mixed then to permanent dentition, dental arch form, length and width vary,
due to tooth movement and vertical growth of alveolar process. These naturally occurring changes, which happen
in untreated individuals, have been used as a comparative standard to assist in diagnosis and treatment planning of
children with malocclusion. Therefore, the aim of the current study was to analyze dental arch dimensions in Egyptian
children and adolescents with normal occlusion in primary, mixed, and permanent dentitions as well as detection of
the most common forms of the dental arches among a group of Egyptian children and adolescents.
Results: Results showed that lower and upper arch lengths showed increase during transition from mixed to per‑
manent dentition. A small increase in lower anterior arch length was recorded during transition from primary (4.63)
to mixed dentition (4.70), while reduction of upper anterior arch length was observed during transition from primary
(8.35) to mixed dentitions. An increase in anterior arch length was observed in both arches during transition from
mixed to permanent dentitions (from 4.70 to 5.42 in the mandible and from7.92 to 9.90 in the maxilla). Arch perimeter,
intercanine width, intermolar width increased in the upper and lower arches during transition between dentition till
reaching the permanent dentition. It was also found that the ovoid arch form (58%) and square arch form (29%) were
the most prevalent among Egyptian children and adolescents followed by the tapered arch form (13%).
Conclusions: Dental arch measurements of Egyptian children and adolescents can be used as a guide for treatment
planning of Egyptian children and can be used in further studies to provide standard values for the arch dimensions
of the Egyptian children. Regarding the arch form, the ovoid arch form was the most common among the Egyptian
population followed by the square while the tapered arch form was the least common one.
Keywords: Arch length, Intercanine width, Intermolar width, Arch form, Egyptian children
Background
Growth and development of the dental arch are considered continuous and complex biological processes.
It includes three-dimensional changes in width, length
and height of the arch. These changes vary with age in
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measurements of each parameter and magnitude of
change through each stage of growth and development
(Yang et al. 2019).
The changes in facial dimensions occur in vertical and
sagittal dimensions throughout growth of children. During transition from primary to mixed then to permanent
dentition, dental arch form and width vary due to tooth
movement and vertical growth of alveolar process (Slaj
et al. 2003; Rajbhoj et al. 2021).
These naturally occurring changes, which happen in
untreated individuals, have been used as a comparative
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standard to assist in diagnosis and treatment planning
of children and adolescents with malocclusion (Carter
and Namara 1998; Thilander 2009).
Researchers demonstrated that each human ethnic
group displays dental arch characteristics and measurements unique to them. Comparing between Caucasoid, Mongoloid, Negroid, and Australoid, clarified
the presence of basic differences in dental arch size
and shape between the different populations (Lavelle
et al. 1971), at the same time differences in the arch
dimensions between Mongoloid race and Dravidian
race children were quite clear and recorded by (Smitha
et al. 2020) which clarify the necessity of having baseline records for every population.
Dental records in the form of casts have a vital role
in critical analysis and treatment planning for children, not only by providing a 3-dimensional view of
the dental occlusion, but also they allow precise measurements to be carried out (Hassanali and Odhiambo
2000; Shafique et al. 2021). These measurements help
in diagnosis, predicting the risk of crowding for children and indicate the various treatment modalities.
Among these important measurements, the sum of
mesiodistal width of both maxillary and mandibular
teeth, determination of Bolton’s ratios, space available, space required, arch width, length, and perimeter
(Selmani and Gjorgova 2015; Yang et al. 2019).
It is claimed that arch length and width are correlated to arch perimeter in both the mandibular and
maxillary arches, which subsequently affect the risk
of crowding among children and adolescents (AlKhatieeb et al. 2012; Al-ansari et al. 2019).
Appropriate arch form is crucial to achieve functional, stable and esthetically pleasing dentition, and
different factors have been stated to affect the arch
form, like the ethnic factor, growth of bone, eruption
of teeth, different types of malocclusion, habits and
pressure of oral musculature. At the same time, arch
form is considered an important criterion for ideal
occlusion (Kook et al. 2004). Since then, researchers
had emphasized the importance of determining the
prevalence of the different arch forms among different
populations.
Few studies were performed among Egyptian children to provide base line records for the arch dimensions and arch form. Therefore, the aim of the current
study was to analyze dental arch dimensions in a group
of Egyptian children and adolescents with normal
occlusion in primary, mixed, and permanent dentitions as well as detection of the most common forms
of the dental arches among Egyptian children and
adolescents.
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Methods
Ethical approval

The study was approved by the Medical Research Ethics
committee of the NationalResearch Centre of Egypt in
accordance with the principles of declaration ofHelsinki
and the ethical approval number was 16-343. All children
who participatedin the current study, their guardians
signed an informed consent.
Study sample

The current study was performed as a part of the project of Orthodontic and Pediatric Dentistry Department,
National Research Centre—Egypt. Clinical diagnosis was
performed as well as impressions for school children
aged 4–14 years at Al-Fayoum Governorate.
The sample size was calculated based upon results of
the study performed by El-Yazeed and Abou-Zeid (2013).
Casts for all children included in the project were examined and evaluated according to the following inclusion
and exclusion criteria to select the best casts that suit the
current study.
Inclusion criteria
• Class I molar relationships (in casts with mixed or
permanent dentition)
• Well-aligned teeth in upper and lower dental arches
• Symmetrical casts
Exclusion criteria
• Presence of any fractured tooth or badly decayed
tooth
• Presence of congenital defects or deformed teeth.
• Presence of any fixed prosthetic appliance
• Presence of cleft lip or palate
• Presence of supernumerary, missed, linguo-versed,
bucco-versed, or transposed teeth
• Casts with air bubbles, cracked or fractured casts
• Presence of crossbite or scissors bite
• Presence of anomaly in size or shape of teeth
• Presence of interproximal caries or restorations that
can affect the measurements.
The casts were classified according to the dentition
stage into one of the following three categories.
• Deciduous dentition (all deciduous teeth were fully
erupted), n = 72 pair of casts
• Mixed dentition (all permanent incisors and first
molars fully erupted, presence of deciduous canines
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and molars, ongoing eruption of permanent canines
and/or premolars), n = 156 pair of casts
• Permanent dentition (all permanent teeth fully
erupted with exception of third molars), n = 84 pair
of casts
Measurements of dental arch dimensions

The casts were traced using TracerNet (Nile Delta software, version II) after capturing photographs of the casts
and importing them to the software. The calibration of
the casts was performed in both horizontal and vertical dimensions using a millimeter ruler. The magnification of the ruler in the two axis was measured, and the
casts’ magnification was calculated. Maximum accuracy
was achieved when the two scales were perpendicular.
The points needed for every measurement were marked
by two well-trained operators and the software automatically determined the measurements in millimeters, and
the average of the two readings was considered.
The total arch length (TAL) was calculated by measuring the vertical distance from the incisal point perpendicular to a line joining the mesiolingual cusp tips of
maxillary first permanent molars and the mesiobuccal
cusp tips of mandibular molars (Fig. 1).
The anterior arch length (AAL) was evaluated through
the perpendicular distance from the line which connects
the central incisors up to the canine’s line.

Page 3 of 8

Posterior arch length (PAL) was calculated through the
difference between the total arch length and the anterior
segment length of the arch.
Intercanine width (ICW) was determined by measuring
the distance between the cusp tips of the right and left
canines.
Inter-first-molar width was evaluated by the distance
between the central sulcus of the right and left first
molars (Azlan et al. 2019).
Arch perimeter (AP) was calculated by measuring the
distance between the mesiobuccal cusp tip of the first
molar on one side passing through cusps tips and incisal
edges to its corresponding on the other side (Louly et al.
2011, Kareem et al. 2011, Alam et al. 2014, and Shahid
et al. 2015).
Each dental cast was classified into ovoid, square, or
tapered form by superimposing the three templates and
then choosing the one that best fit the clinical points and
the contact points on the cast.
Statistical analysis

Data were analyzed using IBM SPSS version 18.0 (IBM
Corporation, New York, USA). Simple descriptive statistics were used to define the characteristics of the study
variables through a form of counts and percentages
for the categorical and nominal variables; continuous
variables were presented by mean and standard deviations. Independent sample t-test was used to determine
any statistically significant differences between males and

Fig. 1 Measurement of arch dimensions using TracerNet, a showing total arch length, b intercanine width, c inter-first-molar width
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females for each measurement, value of p < 0.05 was considered the level of significance.

Results
Patients whose casts fulfilled the previously mentioned
inclusion and exclusion criteria were included in the current study, to analyze dental arch dimensions in children
and adolescents with normal occlusion in primary, mixed
and permanent dentitions as well as detection of the
most common forms of dental arches among Egyptian
children.
Results showed that total lower and upper arch lengths
showed increase during transition from mixed to permanent dentition. The increase in total lower arch length
was from (29.19) in mixed dentition to (30.42) in permanent dentition. Likewise, the maxillary total arch length
showed an increase from (32.86) in mixed dentition to
(35.74) in permanent dentition (Table 1).
A small increase in lower anterior arch length was
recorded during transition from primary (4.63) to mixed
dentition (4.70), while reduction of upper anterior arch
length was observed during transition from primary
(8.35) to mixed dentitions (7.92). Then, an increase in
anterior arch length was observed in both arches from
mixed to permanent dentitions (from 4.70 to 5.42 for
mandible and from7.92 to 9.90 for maxilla) (Table 1).
A small increase in mandibular intercanine width
was observed during transition from primary dentition
(23.38) to mixed dentition (24.98), and then, marked
increase was noticed during transition to permanent
dentition (28.01), while for maxillary intercanine width,
the increase in upper intercanine width readings was
minimal from primary (30.70) to mixed dentition (30.88)
but marked increase was observed during transition to
the permanent dentition (35.18).
As regarding the intermolar width, it showed an
increase from mixed to permanent dentitions in both
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Table 2 Mean, standard deviation of upper and lower
intercanine width and inter-first-molar width in primary, mixed,
and permanent dentitions
Deciduous Mixed Permanent
Upper intercanine width

Mean 30.70
SD

30.88

35.18

2.40

2.32

2.22

Lower intercanine width

Mean 23.38

24.98

28.01

2.28

1.88

2.43

Upper inter-first-molar
width

Mean

–

43.61

46.95

SD

–

3.71

3.13

–

39.20

42.74

–

3.04

2.74

SD

Lower inter-first-molar width Mean
SD

arches (from 43.61 to 46.95 for maxillary arch and from
39.20 to 42.74 for mandibular arch) (Table 2).
Regarding arch perimeter in both mandible and maxilla, an increase in arch perimeter was observed through
transition from primary to mixed then permanent dentitions. In the maxillary arch, arch perimeter increased
from 72.79 in primary dentition to 88.29 in mixed dentition and it reached 97.81in permanent dentition. While
in mandibular arch, arch perimeter increased from 81.19
in deciduous dentition to 92.54 in mixed dentition, and
then, it markedly increased to 104.74 in permanent dentition (Table 3).
Difference between the two genders for all dental arch
dimensions measured revealed that males had higher values than females for all arch parameters but these differences were only significant for lower intercanine width (p
< 0.05) (Table 4).
Regarding dental arch form, it was found that three
forms were predominating among the Egyptian population, these forms are as follows: ovoid, square and
tapered arch forms, while statistical analysis showed that
the ovoid form (58%) and square form (29%) were more
prevalent than tapered arch form (13%) (Fig. 2).

Table 1 Mean and standard deviation of total arch length and
anterior arch length in upper and lower arches in deciduous,
mixed, and permanent dentitions
Deciduous
Upper TAL
Lower TAL
Upper AAL
Lower AAL

Mixed

Permanent

Mean

–

32.86

35.74

SD

–

7.97

12.87

Mean

–

29.19

30.42

SD

–

6.88

9.76

Mean

8.35

7.92

9.90

SD

3.62

2.31

5.00

Mean

4.63

4.70

5.42

SD

1.90

1.75

2.17

Table 3 Mean, standard deviation of arch perimeter in upper
and lower arches in primary, mixed, and permanent dentitions
Deciduous Mixed Permanent
Upper arch perimeter (AP) Mean 81.19
SD
Lower arch perimeter (AP)

92.54

104.74

11.78

10.51

22.61

Mean 72.79

88.29

97.81

SD

10.33

20.41

15.57
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Table 4 Showing t test for equality of Means for the two
genders
t

df

P

Lower ICW

2.052

76

0.044

Upper ICW

1.626

74

0.108

Lower inter-first-molar width

1.610

55

0.113

Upper inter-first-molar width

1.260

51

0.213

Lower TAL

1.384

55

0.172

Upper TAL

1.303

28.882

0.203

Upper AAL

0.403

71

0.688

Lower AAL

1.023

70

0.310

Lower AP

1.039

77

0.302

Upper AP

0.736

77

0.464

Bold value indicates statistically significant difference between males and
females in lower ICW

Discussion
The current study was performed among Egyptian children and adolescents, to analyze the dimensions and
form of the dental arches of Egyptian children with normal occlusion, through different dentition stages, to
be used in further diagnosis and treatment planning of
Egyptian children.
The study sample included dental casts for children
their age ranged from 4 to 14 years, to be able to perform
the required measurements upon primary dentition,
mixed dentition as well as permanent dentition, to represent different stages of growth and development.
Casts with missing, rotated or malformed teeth were
excluded from the current study as well as casts with air
bubbles especially at the area of the cusp tips, as these
factors would interfere with placement of the reference
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points that were used for performing arch dimensions
(Othman et al. 2012).
Scant studies were carried out to determine the average dental arch dimensions and arch forms for Egyptian
children with normal occlusion among different cities in
Egypt, like Giza (El-Yazeed and Abou-Zeid 2013), Mansoura (Shamaa 2019), Fayoum (Salam et al. 2022), and
another one was performed in Upper Egypt (Labib et al.
2003).
On the other hand, few studies compared between
Egyptian population and other populations, e.g., Bayoumi et al. (2011) compared between Egyptian and
North American white populations in arch form, while
Younis (1984) studied the differences in arch dimensions
between Egyptian and Saudi populations.
Results of the current study demonstrated that intercanine width showed slight increase during transition
from primary to mixed dentition in the upper and lower
arches, while marked increase was noticed in the upper
and lower ICW (from 30.88 to 35.18 and from 24.98 to
28.01, respectively) and IMW (from 43.61 to 46.95 and
from 39.20 to 42.74, respectively) during transition from
mixed to permanent dentition. These findings agreed
with Hassanali and Odhiambo (2000), Sangwan et al.
(2011) and Ribeiro et al. (2012).
This can be explained by the eruption of the permanent
canines and second permanent molar, so that eruption of
permanent teeth is accompanied by change in the arch
size, dimensions of the arch and direction of growth of
the alveolar process as well as alignment of teeth (Ghamidi et al. 2020).
At the same time, these results partially contradict
with Louly (2011) who studied the changes in the arch

Fig. 2 Bar chart showing prevalence of ovoid, square and tapered arch forms among Egyptian children and adolescents

Sharaf et al. Bulletin of the National Research Centre

(2022) 46:201

dimensions among Brazilian children. Results of the Brazilian population showed decrease in intercanine width
in the lower arch during transition from mixed to permanent dentition, and this contradiction can be due to
ethnic and genetic differences which affect the pattern of
growth and shape of the arch.
Results revealed statistically significant difference in
the lower intercanine width between males and females
(p = 0.044) through different dentitions; these results
agreed with Salam et al. (2022) who used the Cone Beam
Computed Tomography (CBCT) for assessment of the
arch dimensions; this agreement in the results can be
because both studies were performed among Egyptian
population, so there was no racial or genetic differences
among the study samples.
In the current study, the TAL increased during transition from mixed to permanent dentition in the upper
and lower arches (from 32.86 to 35.74 and from 29.19 to
30.42, respectively), and it was noticed that the average
increase in the TAL during transition between dentitions
was more in upper arch than in the lower. These results
were in agreement with Bishara et al. (1998), who found
that the increase in the maxillary arch length was much
more than the increase that occurred in the mandibular
arch length, during transition from mixed to permanent
dentition and that was justified by the author by continuous increase in the maxillary arch length till the age of
13 years while the lower arch length didn’t increase after
the age of 8 years.
Results of the current study were in partial agreement
with Louly et al. (2011) who found that, among Brazilian
children, the maxillary total arch length increased from
the age of 9 years to the age of 12 years, and this increase
in the TAL was justified by the eruption of the maxillary
permanent canines. However, results of the same study
recorded a small non-significant decrease in mandibular
TAL from the age of 9 years to the age of 12 years, which
is contradicting with results of the current study, which
found non-significant increase in the lower TAL during transition from mixed to permanent dentition, and
the contradiction in this point can be due to differences
in the reference points used to measure the arch dimensions and different age group of the patients included in
the two studies.
Arch perimeter increased in both maxillary and mandibular arches during transition from primary to mixed
and then to permanent dentition, due to growth and
development of the maxillary and mandibular arches and
alveolar process during transition between dentitions, as
well as eruption of the maxillary first permanent molars
in a distobuccal direction (Ghamidi et al. 2020).
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Understanding the changes that occur in the dental
arches during transition from primary to mixed and ending with the permanent dentition is quite important for
the pedodontists and orthodontists, to be able to select
the suitable treatment plan for the patient that maintain
stable occlusion and proper alignment of teeth. At the
same time, the clinician should be aware of the changes
that occur in the arch length, width and perimeter to be
able to explain to the parents of the child the most suitable treatment plan and the possible changes that can
occur during treatment due to growth and development
of the dental arches (Kareem F. 2011).
It is clear that differences in racial origins, as well as
differences in environmental factors, can explain the statistically significant differences in the dimensions of the
dental arches in children from different continents with
distinct genetics and diverse living conditions (Othman
et al. 2012; Barman et al. 2021).
Regarding the arch form, it was found that anterior
arch length together with intercanine width (ICW) play
an important role in determining the arch form, as these
measurements shape the anterior part of the arch, thus
affect the form of the arch (Bayome et al. 2011; Aljayousi
et al. 2021).
The ovoid arch form was found to be the most predominant among Egyptian Children and adolescence,
and these results were in accordance with Mageet et al.
(2018), who found that, among the Sudanese population, the ovoid form of the arch was the most common.
While these results contradict with Labib et al. (2003),
who found that the most common arch forms for the
upper arch were the wide and pointed forms while in
the lower arch the wide form was predominating, this
can be explained by using different classification for the
arch forms which differ from the one used in the current
study.
At the same time, results of the current study contradict with Kook et al. (2004), who found that the square
arch form was more common among the Korean population while the tapered arch form was predominant
among the North American white population, and these
differences confirm the concept that arch measurements
and form are affected by the race and variable environmental factors (Prasad et al. 2013).

Conclusions
Dental arch measurements of Egyptian children and adolescents can be used as a guide for treatment planning
of Egyptian children and can be used in further studies
for comparison of the arch dimensions of the Egyptian
children with other populations. It was found that during
transition from primary to mixed and then to permanent
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dentition, the arch measurements (intercanine, intermolar, arch length and arch perimeter) increased in both
maxillary and mandibular arches and there was non-significant difference in these measurements between males
and females, except in the lower inter canine width.
Regarding the arch form, the ovoid arch form was the
most common among the Egyptian population followed
by the square while the tapered arch form was the least
common one.
Abbreviations
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ICW: Intercanine width; AP: Arch perimeter.
Acknowledgements
Not applicable.
Authors contributions
RS and ER were responsible taking impressions for the patients and pouring
the dental casts, and GS and MA traced the casts using TracerNet (Nile Delta
software) after capturing photographs of the casts and importing them to the
software. All authors contributed to writing, reviewing, and approving the final
manuscript.
Funding
The research is funded by the authors only.
Availability of data and materials
All the data included in the current study are available in the article.

Declaration
Ethics approval and consent to participate
The study was approved by the Medical Research Ethics committee of the
National Research Centre of Egypt and the approval number is 16–343.
Parents of all the patients who participated in the current study, signed an
informed consent that they accept participating in the study and publication
of the results.
Consent for publication
All the participant in the current study signed a consent that they accept
publication of the results of the study.
Competing interests
The authors declare no competing interests.
Author details
1
Orthodontic and Pediatric Dentistry Department, National Research Centre,
Cairo, Egypt. 2 Orthodontic and Pediatric Dentistry Department, National
Research Centre, Affiliated to Nahda University, Beni Suef, Egypt. 3 Head
of Orthodontic and Pediatric Dentistry Department, National Research Centre,
Cairo, Egypt.
Received: 25 May 2022 Accepted: 26 June 2022

References
Alam MK, Shahid F, Purmal K, Ahmad B, Khamis MF (2014) Bolton tooth size
ratio and its relation with arch widths, arch length and arch perimeter: a
cone beam computed tomography (CBCT) study. Acta Odontol Scand.
72(8):1047–53. https://doi.org/10.3109/00016357.2014.946967
Al-Ansari NB, Abdul Ameer SA, Nahidh M (2019) A new method for prediction
of dental arch perimeter. Clin Cosmet Investig Dent. 11:393–397. https://
doi.org/10.2147/CCIDE.S234851.PMID:31908539;PMCID:PMC6927486

Page 7 of 8

Aljayousi M, Al-Khateeb S, Badran S, Alhaija ESA. (2021) Maxillary and man‑
dibular dental arch forms in a Jordanian population with normal occlu‑
sion. BMC Oral Health. 21(1):105. doi: https://doi.org/10.1186/s12903-
021-01461-y. Erratum in: BMC Oral Health. 2021 Mar 23;21(1):151. PMID:
33750357; PMCID: PMC7941956.
Al-Khatieeb M, Nissan M, Al-Janabi F (2012) A new calibration procedure for
expectation of arch length. J Bagh College Dentistry 24(1):120–126
Azlan A, Endah M, Evangelina I (2019) A gender-based comparison of intermo‑
lar width conducted at Padjajaran University Dental Hospital, Bandung,
Indonesia. Dent J (majalah Kedokteran Gigi) 52(4):168–171
Barman A, Sidhu M, Grover S, Dogra N, Dabas A (2021) Evaluation of dental
arch forms of Indo-Aryan and Mongoloid ethnicity using 3D models and
its correlation with preformed archwires: a cross-sectional study. J Int Oral
Health 13:29. https://doi.org/10.4103/jioh.jioh_203_20
Bayome M, Sameshima GT, Kim Y, Nojima K, Baek SH, Kook YA (2011) Compari‑
son of arch forms between Egyptian and North American white popula‑
tions. Am J Orthod Dentofacial Orthop. 139(3):e245-52. https://doi.org/
10.1016/j.ajodo.2009.11.012
Bishara SE, Jakobsen JR, Treder J, Nowak A (1998) Arch length changes from 6
weeks to 45 years. Angle Orthod. 68(1):69–74
Carter GA, McNamara JA Jr (1998) Longitudinal dental arch changes in adults.
Am J Orthod Dentofacial Orthop. 114(1):88–99
El-Yazeed M, Abou-Zeid WA (2013) Geometric dental arch dimensions in
mixed dentition period of Egyptian children. Life Sci J 10:3214–3221
Ghadimi S, Tosifian M, Baghalian A, Seraj B (2020) The effect of eruption first
permanent tooth on dental arch dimension. Iran J Orthodont. https://doi.
org/10.5812/ijo.99738
Hassanali J, Odhiambo JW (2000) Analysis of dental casts of 6–8- and 12-yearold Kenyan children. Eur J Orthod. 22(2):135–42. https://doi.org/10.1093/
ejo/22.2.135
Kareem F, Rasheed A, Mahmood T (2011) Dental arch perimeter and dimen‑
sions in Kurdish sample aged 14–25 years with class I and class II maloc‑
clusion. Tikrit J Dent Sci 1:51–59
Kook YA, Nojima K, Moon HB, McLaughlin RP, Sinclair PM (2004) Comparison
of arch forms between Korean and North American white populations.
Am J Orthod Dentofacial Orthop. 126(6):680–6. https://doi.org/10.1016/j.
ajodo.2003.10.038
Labib A, Refai W, Esawy B (2003) Establishment of arch forms for upper Egypt
population. Egypt Orthodont J https://doi.org/10.21608/eos.2009.78807.
Lavelle CL, Foster TD, Flinn RM (1971) Dental arches in various ethnic groups.
Angle Orthod. 41(4):293–9
Louly F, Nouer PR, Janson G, Pinzan A (2011) Dental arch dimensions in the
mixed dentition: a study of Brazilian children from 9 to 12 years of age. J
Appl Oral Sci. 19(2):169–74
Mageet A (2018) Dental Arch dimensions and form in a sudanese sample. J
Contemp Dent Pract. https://doi.org/10.5005/jp-journals-10024-2410
Othman SA, Xinwei ES, Lim SY, Jamaludin M, Mohamed NH, Yusof ZY, Shoaib
LA, Nik Hussein NN (2012) Comparison of arch form between ethnic
Malays and Malaysian Aborigines in Peninsular Malaysia. Korean J Orthod.
42(1):47–54. https://doi.org/10.4041/kjod.2012.42.1.47
Prasad M, Kannampallil ST, Talapaneni AK, George SA, Shetty SK (2013) Evalu‑
ation of arch width variations among different skeletal patterns in South
Indian population. J Nat Sci Biol Med. 4(1):94–102. https://doi.org/10.
4103/0976-9668.107267
Rajbhoj AA, Parchake P, Begnoni G, Willems G, CadenasdeLlano-Pérula M
(2021) Dental changes in humans with untreated normal occlusion
throughout lifetime: a systematic scoping review. Am J Orthod Dentofa‑
cial Orthop. 160(3):340–362. https://doi.org/10.1016/j.ajodo.2021.02.014
Ribeiro J, Ambrosio A, Santos-Pinto A, Shimizu I, Shimizu R (2012) Evaluation of
transverse changes in the dental arches according to growth pattern: a
longitudinal study. Dental Press J Orthodont 17:66–73. https://doi.org/10.
1590/S2176-94512012000100010
Sangwan S, Chawla HS, Goyal A, Gauba K, Mohanty U (2011) Progressive
changes in arch width from primary to early mixed dentition period: a
longitudinal study. J Indian Soc Pedod Prev Dent. 29(1):14–9. https://doi.
org/10.4103/0970-4388.79915
Selmani M, Gjorgova J (2015) Relationship among lower arch length, arch
width and arch perimeter in crowding and non-crowding groups. Balkan
J Dental Med 19:8–12. https://doi.org/10.1515/bjdm-2015-0027

Sharaf et al. Bulletin of the National Research Centre

(2022) 46:201

Shamaa MS (2019) Comparison between class II division 1 and 2 malocclu‑
sions and normal occlusion regarding tooth size discrepancy and arch
dimensions using digital models. Egypt Dental J 65(2):899–908
Shafique HZ, Zaheer R, Jan A, Fazal A (2021) Comparison of tooth widths,
arch widths and arch lengths in class-I normal dentition to Class-I and II
crowded dentitions. Pak J Med Sci 37(2):345–350
Shahid F, Alam MK, Khamis MF (2015) Maxillary and mandibular anterior crown
width/height ratio and its relation to various arch perimeters, arch length,
and arch width groups. Eur J Dent Oct-Dec 9(4):490–499. https://doi.org/
10.4103/1305-7456.172620
Smitha S, Nagar P, Abinaya R, Janani J (2020) Comparing the arch forms
between mongoloid race and dravidian race in 11–14-year-old Children.
Int J Clin Pediatr Dent 13(Suppl 1):S26–S28. https://doi.org/10.5005/jp-
journals-10005-1836.PMID:34434010;PMCID:PMC8359892
Salam E, El-feky H, Khalifa A (2022) Assessment of arch length prediction based
on CBCT measurements of inter-canine width in Egyptian population
sample, a retrospective study. Egypt Dental J 68(1):433–443
Slaj M, Jezina MA, Lauc T, Rajić-Mestrović S, Miksić M (2003) Longitudinal den‑
tal arch changes in the mixed dentition. Angle Orthod. 73(5):509–14
Thilander B (2009) Dentoalveolar development in subjects with normal
occlusion. A longitudinal study between the ages of 5 and 31 years. Eur J
Orthod. 31(2):109–20. https://doi.org/10.1093/ejo/cjn124
Yang D, Liang S, Zhang K, Gao W, Bai Y (2019) Evaluation of growth and devel‑
opment of late mixed dentition upper dental arch with normal occlusion
using 3-dimensional digital models. J Healthc Eng. 2019:4191848. https://
doi.org/10.1155/2019/4191848
Younes SA (1984) Maxillary arch dimensions in Saudi and Egyptian population
sample. Am J Orthod. 85(1):83–8. https://doi.org/10.1016/0002-9416(84)
90126-x

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Page 8 of 8

