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and Basal Arch Length in Orthodontic Patients: A
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Abstract

Introduction: Bolton tooth size discrepancy (TSD) is the disparity among the sizes of maxillary
and mandibular individual teeth. TSD can lead to problems at finishing stage of Orthodontic
treatment in terms of achievement of ideal occlusion. This study helped to explore the likely
relationship between various arch forms and clinically significant tooth-size discrepancy and to
compare the average basal arch length with that of the patients with significant Bolton tooth-
size discrepancy in Pakistani population. This knowledge would be beneficial in Orthodontic
treatment planning.

Material and Methods: A retrospective cross sectional study was carried out on archive
records of Margalla Institute of Health Sciences. A total of 291 records with significant Bolton
Discrepancy (TSD >2%) were screened. Sample size was calculated using Raosoft© Sample Size
Calculator that came out to be 166. However 256 dental casts (144 males & 112 females) met our
selection criteria and thus all were included. Basal arch length (BAL) and arch forms were also
determined for each case. BAL was categorized into three groups; excessive, average and
decreased. Arch forms were defined as squarish, tapering and ovoid.

Results: Statistically insignificant difference was found in the gender based comparison.
However, there were statistically significant differences between the mandibular average arch
length and increased arch length for Bolton’s Overall Ratio (BOR) (p = 0.01). The prevalence of
both (Bolton’s Anterior Ratio) BAR and BOR was significant in tapered arch form (p < 0.05)
Conclusions: Bolton TSD is more prevalent in tapered arch form. Further studies are
encouraged to find any racial/ ethnic differences. Average arch length and increased arch
length groups have statistically significant BOR difference.
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Introduction prevalence of TSD being 5-30% varying in

olton tooth size discrepancy (TSD) is the different populations.l . ‘
B disparity among the sizes of maxillary AN appropriate mandibulo-maxillary dental
and mandibular individual teeth.! Tooth  relationship is mandatory for achieving ideal

size discrepancy is not an uncommon finding ~ occlusion.

among Orthodontic patients, with the Many authors >5 have attempted to study the
normal mesio-distal tooth width in different

ethnic groups for normal occlusion, but so far,
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teeth and developed 2 ratios (anterior and
overall) for estimating TSD. It is an important
clinical evaluation method in treatment
planning.

Stability has always been considered an
important aspect of successful orthodontic
treatment. Several authors have found that
stability of results greatly depends on the
conservation of patient’s original arch form,
especially inter-cuspid and intermolar
distances.”10 Several classifications have been
proposed for the categorization of arch forms,
including the widely used classification of
Chuck, who in 1932 classified arch forms as
tapered, square and ovoid."! Arch form shows
racial predisposition, with Jordanians have
catenary arch form being most prevalent,!2
whereas, Saudi population has ovoid arch
form as being the most prevalent.!> However,
the most prevalent arch form in Pakistani
population is tapered, followed by ovoid and
square variety.4

The relationship between malocclusion,
gender and ethnicity with Bolton tooth size
discrepancy have all been investigated
thoroughly.1516 However, there’s very scanty
literature on the relation of arch form and
basal arch length with Bolton tooth size
discrepancy in  orthodontic  patients.’”
Khursheed M A et al,’? found that BOR is
dependent on arch length and thus has a
statistically significant difference for average
and increased arch length. However, sample
size in their study was small n=53, which
might have compromised reliability of their
results, hence further studies are encouraged.
This study aims to evaluate the co-relation (if
any) between the arch form, basal arch length
and Bolton tooth size discrepancy in Pakistani
population. The objectives of the study were
thus to enquire the likely relationship
between various arch forms and clinically
significant tooth-size discrepancy in Pakistani
orthodontic patients and to compare the
average basal arch length with that of the
patients with significant Bolton tooth-size
discrepancy.
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Material & Methods

Written informed consent was obtained
before acquiring the included participants'
records. A retrospective cross sectional study
was conducted on archive records of Margalla
Institute of Health Sciences, MIHS dated from
January, 2017 to January, 2023 after approval
from Ethical Review Committee. A total of
291 records with significant Overall Bolton
Tooth Size Discrepancy (BTSD >2%) were
screened. Sample size was calculated using
Raosoft© Sample Size Calculator that came
out to be 166. However 256 records met our
selection criteria and thus all were included.
Good-quality pre-treatment study casts of
patients reporting to the Orthodontics
Department of Margalla Institute of Health
Sciences with fully erupted 1st molar to 1st
molar in both arches for both genders,
without caries, extensive restorations or
severe crowding in any of the arches were
included in the study.

Orthodontic  casts  having  deciduous
tooth/teeth, presence of any missing (except
third molars) or supernumerary teeth etc.,
interproximal caries, restorations, tooth wear
or previous history of orthodontic treatment
were all excluded from the research.

Tooth size measurements (Mesio-Distal
Dimensions MDD) were carried out on dental
casts from 1st molar to 1st molar of opposite
side in each arch through a digital vernier
calliper at 0.01 mm reading accuracy (Fig 1)
and were analysed for Bolton anterior ratio
(BAR) and Bolton overall ratio (BOR).

sum of the MDD from 36 to 46 x 100
BOR =

sum of the MDD from 16 to 26

sum of the MDD from 33 to 43 x 100

BAR =
sum of the MDD from 13 to 23

This grouping had been done based on the
data values of Mean + 2 SD, > 2 SD and < 2
SD grouped in average, increased and
decreased group, respectively



Tapered, ovoid and square arch form
templates (3 M Unitek) were used to classify
each case, based on the arch form that
provide best fit to the eight clinical bracket
points ranging from the mandibular right first
premolar to left first premolar (Fig 2).

Fig.1 Arch length in both arches

(a) (b) (©

Fig.2 Tapered (a), square (b) and ovoid (c)
arch form templates (3 M Unitek)

20 casts were re-assessed after two weeks of
the initial measurement to calculate
measurement error.

Collected data was than analysed through
SPSS 20.0 with a probability level of 0.05
measured to be statistically significant.
Student t-test was employed to assess Gender
based and Arch form based difference in BAR
and BOR while analysis of variance
(ANOVA) was employed to assess arch
length based difference between the BAR and
BOR.

Results

Demographics for Gender based distribution
and dental arches (arch length and arch form)
have been shown in Table 1.

Statistically insignificant difference was found
in the gender based comparison of all the
measurements for the tooth size discrepancy.
BAR and BOR for both arches for different
arch lengths have been explained in Table 2
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Statistically significant differences have been
found between the mandibular excessive arch
length and average arch length in relation to
BOR (p = 0.01). BAR and BOR for different
arch forms have been explained in Table 3
Statistically = significant differences was
assessed between the tapered arch form in
relation to BOR as well as BAR (p = 0.01).

No. of
subjects ot

Male 198

Gender Female 158 256
Excessive 52

l:;fChh Average 98 256
8t Decreased 106
Ovoid 43

Arch form Tapered 178 256
Square 35

Table 1. Demographics: Gender and dental
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Table 2: Bolton Assessment in different arch length
groups assessed through ANOVA at p<0.05
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Table 3: Bolton Assessment in different arch
form groups. * p <0.05



Discussion
Bolton's tooth size discrepancy is a crucial
factor in Orthodontics that influences

treatment planning and outcomes. The
difference in tooth sizes should be known to
the Orthodontist.’” Obtaining the optimum

occlusion in  substantial = tooth  size
discrepancy cases is impossible.
Understanding and  addressing  this
discrepancy contribute to achieving a

harmonious and functional occlusion for
patients undergoing orthodontic treatment.
Even though there are various kinds of
measurement tools available, digital vernier
callipers were wused for all of the
measurements in this study. All the readings
were taken directly from the study cast as the
conventional plaster study models are
regarded as a significant part of orthodontic
records, and since their analysis are precise,
dependable and repeatable.18-20

It's important to note that there can be natural
variations in tooth size between genders, as
well as among different ethnic and racial
groups. These variations are not specifically
related to Bolton's discrepancy but may be
considered when evaluating overall dental
characteristics. In our study, the female
Bolton’s ratios were greater than in males for
BAR and BOR, however, no statistically
significant difference was found. This finding
was consistent with the previous studies.?-23
A systematic review conducted by Machado
et al* also confirms this relationship.
Furthermore, our study revealed that both
BOR and BAR are significantly more
prevalent in tapered arch form. This finding is
related to the study of Tajik I et al#, which
states that the order of prevalence of arch
forms in a Pakistani population is tapered,
followed by ovoid and square forms.
Orthodontic treatment planning involves
addressing not only the tooth size
discrepancy but also the associated arch
length concerns. In cases where there is a
deficiency in arch length due to smaller teeth,
orthodontic treatment may involve measures
to create additional space. This can include
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extraction of teeth, interproximal reduction
(IPR), or expansion of the dental arch.
Depending on the specific nature of the
Bolton discrepancy and its impact on arch
length, the orthodontist may choose to extract
teeth to address excess space or expand the
arch to address insufficient space. Al-Ansari
et al® conducted a study on an Indian
population demonstrating the affect of arch
length and width on Bolton’s ratio. Their
study showed a significant relationship
between arch length and Bolton’s discrepancy
which was similar to the results of our study.

Similar to any research, there are potential
inherent limitations. The inability to obtain
the desired sample size was one of the study's
limitations. Despite this limitation, this study
had the largest sample size compared to any
other study of its type. The findings' broad
application is further constrained by the
study's geographic constraints and sampling
of a single hospital.

Achieving proper arch length and tooth size
balance is crucial for a harmonious and
aesthetically pleasing smile. An imbalance
can affect the overall facial aesthetics and
patient satisfaction with the orthodontic
treatment outcome.

Conclusion

Carefully evaluating the tooth size ratio for
various arch length and arch form varieties
during orthodontic treatment is necessary.
There has to be more research on different
populations about arch length and arch
perimeter groups in connection to tooth size
ratio. The following conclusions can be taken
from our findings.

(1) The comparison of the sexes revealed no
appreciable differences.

(2) Both BAR and BOR was more prevalent in
tapered arch form.

(38) There was no discernible variation
between arch width groups for BOR and
BAR.

(4) Inrespect to BOR, statistically significant
variations between the average arch



length and the mandibular excessive arch
length was found.

Ethical Approval
The study was approved by the Institutional

Ethical

Review committee of Margalla

Institute of Health Sciences, Rawalpindi
(MIHS).

Disclaimer

No external funding.

Conflict of Interest

No conflict of interest

Authors” Contribution

UA: Principal author/corresponding author
YS: Assisted in sample collection and article
writing

MS: Supervisor

AUZ: Reviewer

KI: Reviewer

References

1.

2.

Proffit WR, Fields HW, Sarver DM. Contemporary
Orthodontics, 6th ed. St Louis: Mosby; 2018.

Togoo RA, Algahtani WA, Abdullah EK, Algahtani
AS, AlShahrani I, Zakirulla M, Alhotellah KA,
Mujam OH. Comparison of mesiodistal tooth width
in individuals from three ethnic groups in Southern
Saudi Arabia. Nigerian Journal of Clinical Practice.
2019 Apr 1;22(4):553-7.

Mageet AO, Fanas AS, Shaheen IK, Hadi KM,
Abdelmagied MH. Variations of the Mesiodistal
width of permanent teeth in a sample of patients
attending Ajman University Dental College.
Research Journal of Pharmacy and Technology.
2021;14(12):6565-72.

Jaiswal AK, Parajuli U, Bajracharya M, Singh B.
Mesio-distal crown width in permanent dentition
amongst adolescent population of Province II of
Nepal. Journal of Gandaki Medical College-Nepal.
2020 Jun 18;13(1):51-5.

Ivanova OP. Determination of individual mesio-
distal sizes of front teeth upper and lower jaw.
Helix-The Scientific Explorer| Peer Reviewed
Bimonthly  International Journal. 2019 Aug
31;9(04):5139-43.

Bolton WA. Disharmony in tooth size and its relation
to the analysis and treatment of malocclusion. Angle
Orthod 1958; 28: 113-30.

Daou R, Nassar R, Khoury E, Ghoubril J. Changes of
arch form at the end of orthodontic treatment, based

122

o

10.

11.

12.

13.

14.

15.

16.

17

18.

19.

20.

POJ 2023:15(2) 118-123

on the Ricketts pentamorphic arch forms. American
Journal of Orthodontics and  Dentofacial
Orthopedics. 2020 Dec 1;158(6):807-15.

Wang X, XiaL, Li], LiL, Yu F, Yuan L, Fang B, Ye N.
Accuracy of dental arch form in customized fixed
labial orthodontic appliances. American Journal of
Orthodontics and Dentofacial Orthopedics. 2022
Aug 1,162(2):173-81.

Millett D. The rationale for orthodontic retention:
piecing together the jigsaw. British Dental Journal.
2021 Jun;230(11):739-49.

Littlewood SJ, Dalci O, Dolce C, Holliday LS,
Naraghi S. Orthodontic retention: what's on the
horizon?. British Dental Journal. 2021
Jun;230(11):760-4.

Chuck GC. Ideal Arch form. Angle Orthod 1934; 4:
312-27.

Aljayousi M, Al-Khateeb S, Badran S, Alhaija EA.
Maxillary and mandibular dental arch forms in a
Jordanian population with normal occlusion. BMC
oral health. 2021 Dec;21:1-8.

Elattar HM, Alsulami A, Alharbi K, Al-Yamani L,
Gary L. Comparision of commrcially available
archwires with normal dental arch in a group of
Saudi population. Egyptian Dental Journal. 2020 Jul
1,66(3-July (Orthodontics, Pediatric & Preventive
Dentistry)):1413-21.

Shafique HZ, Zaheer R, Jan A, Fazal A. Comparison
of tooth widths, arch widths and arch lengths in
class-I normal dentition to Class-I and II crowded
dentitions. Pakistan Journal of Medical Sciences.
2021 Mar;37(2):345.

Algahtani H. A study to estimate tooth size
discrepancy values specific to Saudi orthodontic
patients: A systematic review and meta-analysis. The
Saudi Dental Journal. 2023 Mar 21.

Jabri MA, Wu S, Zhang Y, Ma ], Wang L. A Review
on Comparison of Tooth Size Discrepancies among
Angle's Class I, II, and III Malocclusion: Is There a
Significance? The Journal of Contemporary Dental
Practice. 2019 Apr 1;20(8):994-9.

. Alam MK, Shahid F, Purmal K, Ahmad B, Khamis

MF. 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. 2014 Nov; 72(8):1047-53.

Amuk NG, Karsli E, Kurt G. Comparison of dental
measurements between conventional plaster models,
digital models obtained by impression scanning and
plaster model scanning. International Orthodontics.
2019 Mar 1;17(1):151-8.

Verma RK, Singh SP, Verma S, Kumar V, Bhupali
NR, Arora S. Comparison of reliability, validity, and
accuracy of linear measurements made on pre-and
posttreatment  digital study models with
conventional plaster study models. Journal of
orthodontic science. 2019;8.

Ellakany P, Al-Harbi F, El Tantawi M, Mohsen C.
Evaluation of the accuracy of digital and 3D-printed



21.

22.

casts compared with conventional stone casts. The

Journal of Prosthetic Dentistry. 2022 Mar

1;127(3):438-44.
Trishala A, Kumar MN. Prevalence of Bolton's
Discrepancy in Patients. Journal of Pharmaceutical
Sciences and Research. 2021 Mar 1;13(3):174-8.
Alshahrani AA, Alshahrani I, Addas MK, Shaik S,
Binhomran FM, AlQahtani ]. The tooth size
discrepancy among orthodontic patients and
normal occlusion individuals from Saudi Arabia: A
three-dimensional scan analysis of diagnostic casts.
Contemporary Clinical Dentistry. 2020
Apr;11(2):141.

123

23.

24.

25.

POJ 2023:15(2) 118-123

Discrepancy BI, Dismorphism S. Frequency of
Bolton Tooth-size Discrepancy among Saudi
Orthodontic ~ Subjects and  Relevance in
Concordance with Gender Predilection. World.
2019 Jan;10(1):23-8.

Machado V, Botelho ], Mascarenhas P, Mendes J],
Delgado A. A systematic review and meta-analysis
on Bolton’s ratios: Normal occlusion and
malocclusion. Journal of Orthodontics. 2020
Mar;47(1):7-29.

Al-Ansari NB, Ameer SA, Nahidh M. Do dental
arches lengths, widths and perimeters affect
Bolton’s ratios? Indian Journal of Public Health.
2019 May;10(5):1289.



