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RESUMEN
El objetivo de este estudio fue determinar las diferencias en
longitud de arco, distancia intercanina, interpremolar, intermolar
y la forma de arco entre discrepancias dentales (apiñamiento y
espaciamiento), en una muestra de modelos dentales de la
población afrocolombiana de San Basilio de Palenque. Se realizó
un estudio analítico transversal, en una muestra por conveniencia
de 63 sujetos con un rango de edad entre 11 y 57 años, de origen
afrocolombiano, quienes tuvieron dentición completa de primer
molar a primer molar, sin caries extensas, ni restauraciones; se
excluyeron los modelos con defectos por el vaciado. Se analizaron
las diferencias entre las variables de los maxilares (superior e
inferior) con las discrepancias dentales. Se utilizaron modelos de
yeso que fueron digitalizados con el escánerTRIOS3 Mono con
una exactitud de (6.9 ± 0.9 µm) y una precisión de (4.5 ± 0.9 µm)y
analizados con el software Orthonalyzer. Los análisis estadísticos

se llevaron a cabo utilizando el software SPSS (Versión 20 para
Windows) y Real Statistics. Se encontró una discrepancia de
espaciamiento de un 68,25% para el arco superior y 66,66% en
el arco inferior; y una discrepancia de apiñamiento en el arco
superior de 19,04% e inferior de 20,63% y una relación adecuada
de 12,69% para los dos arcos. No se encontraron diferencias
estadísticamente significativas (p>0.05) en los parámetros de
arco a excepción de la distancia interpremolar del arco inferior.
La forma de arco más frecuente en la población fue ovalada tanto
en el arco superior con un 76,19% como en el arco inferior con
un 71,42%. En cuanto al tamaño dental, se presentó mayor
tamaño en los hombres que en las mujeres, pero este no fue
estadísticamente significativo.

Palabras clave: arcada dental, maloclusión, distema; corona
dental; maxilar superior.

INTRODUCTION
Jaws undergo a number of changes during growth
and development, beginning with the embryo stage
and continuing through the development of

deciduous and permanent dentition1. In 2015,
Mauad et al.2 reported that the greatest changes in
size and shape of the jaws occur at two important
times during growth and development: the first
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during the deciduous dentition period (approximately
3­6 years of age) and the second during the eruption
of permanent dentition and until it is functional.
These changes involve the size and shape of dental
arches and continue to occur until the growth stage
has been completed3. Jaws change in size and shape
as a result of multiple factors, including bone
remodeling, position of teeth, sutural expansion of
the upper jaw, nutrition, environment and genetics,
among others4­6.
Adequate growth should lead to proper occlusion
between jaws, although in this regard, tooth size
should also be taken into account7. Tooth size
should correlate appropriately with the size of the
bony bases, since any discrepancy between them
could cause crowding or spacing8, with impacted,
rotated, displaced or excessively spaced teeth9. The
causes of discrepancy are not yet absolutely clear.
They have been related to different etiologies, such
as reduction in arch size, tooth size, and relationship
between tooth size and number of teeth10.
The association between dental crowding and tooth
and arch size have been studied previously. Howe et
al.11 reported that crowding was associated to smaller
dental arches rather than to larger teeth. Mills12

reported a significant correlation between crowding
and arch width. Radznic13 established that arch 
length is highly correlated to crowding. Tooth­size
discrepancy can also cause crowding or spacing, and
tooth mesiodistal width is considered a primary
etiological factor in spacing anomalies causing
malocclusion14. Barrett15 showed that tooth position
in the dental arch can be determined considering
tooth size and amount of space available for teeth in
the dental arch. Fastlicht16 reported two factors
responsible for dental crowding: larger tooth
mesiodistal dimensions and smaller dental arch sizes. 
In 2018, Haidi et al.17 conducted a study on a Saudi
population, finding that tapered dental arches were
prevalent, with males having larger arches than
females, and discrepancy in tooth size in the
anterior segment. In 2000, Burris18 reported that
American blacks had square dental arches, and that
they were larger than in whites. There is little
information available on the shape and size of
dental arches in Colombian populations. Different
facial features may influence dental arch shape and
be related to the bony bases19. In 2016, Rodríguez
et al.20 conducted a study on Colombians of three
ethnic descents, including a sample of Afro­

Colombian population from Puerto Tejada, Cauca,
on dental arch shape and size, finding that the oval
is the most frequent in all ethnic groups for both
jaws. Inter­canine distance varied among arch
shapes, with significant difference in the upper arch,
particularly in triangular arches. No significant
difference was found between upper and lower arch
shape.
Populational studies have shown that there is a 
wide range of tooth sizes17; e.g., American blacks
have significantly larger dental crown size than
American whites21, though they have been reported
to have more spacing on the arches22. Other studies
have shown variations in crowding and spacing in
different ethnic groups. Spacing prevalence ranges
from 6% to 50%, and crowding ranges from 5% to
80% in different populations23­25.
The population in Colombia is considered mestizo,
as a result of a mixture of three large populations:
indigenous, African and European, which began 
at the time of the conquest with the arrival of
Europeans, mostly Spaniards, who brought with
them African slaves26. Currently there are relatively
isolated Afro­Colombian populations, such as the
people of San Basilio de Palenque, who have kept
alive many of their customs, as well as maintaining
their genetics. Genetic studies on the population of
San Basilio de Palenque show a high African
component, with haplogroup E1b1a­M2 from
eastern Africa, indicating that these people probably
have unaltered African heritage26­28. The aim of 
the current study was to determine differences in
arch length; inter­canine, inter­premolar and inter­
molar distances, and arch shape between dental
discrepancies (crowding and spacing) in a sample
of dental casts from the Afro­Colombian population
of San Basilio de Palenque. Although Afro­descendant
communities have been reported to have larger teeth
than other populational groups, they also have a
high frequency of diastemas, so it is assumed that
this tooth size­arch length discrepancy may be due
to greater arch length and inter­canine, inter­
premolar and inter­molar distances.

MATERIALS AND METHODS
An analytical, cross­sectional study was performed
on a sample of 63 casts from 32 males and 30
females, aged 11 to 57 years, of Afro­Colombian
origin, from the town of San Basilio de Palenque,
Mahates Bolívar district, Colombia, who signed
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informed assent and consent. Casts were taken on
subjects who had complete permanent dentition
from first molar to first molar, upper and lower,
without previous orthodontic treatment, without
extensive caries, restorations or rehabilitations on
the mesial and distal surfaces. Casts with impression
defects, loss or fracturing, which prevented variables
from being recorded, were excluded. This study was
approved by the University ethics committee.
A TRIOS 3 Mono scanner was used to digitalize the
plaster casts with exactness 6.9 ± 0.9 µm and
precision 4.5 ± 0.9 µm. Orthonalyzer software was
used to view the casts in 3D for analysis. First, the
casts were formatted and canine tips, vestibular
cusps for first and second molars, and mesiovesti ­
bular cusp of first upper and lower molars were
located in order to measure the following distances:

maxillary and mandibular inter­canine distance,
distance between maxillary and mandibular first
premolars, distance between maxillary and mandi ­
bular second premolars, maxillary and mandibular
intermolar distance (Fig. 1). Maxillary and mandi ­
bular arch length was evaluated by measuring the
distance between the vestibular surfaces of upper
central incisors and another tangent line connecting
the most distal points of the second premolars 
(Fig. 2). Arch shape was determined by superimposing
square, oval and triangular arch shapes in occlusal
view on the 3D cast, both upper and lower, and
considering the shape most similar to the cast
analyzed (Fig. 3). 
Dental arch discrepancy (crowding and spacing) was
considered as the difference between arch perimeter
and the sum of mesiodistal diameters from distal face
of the second premolar to the distal face of the
contralateral tooth, on both upper and lower arches.
Arch perimeter (basal region available in the arch)
was determined by adding the length segments of
maxillary and mandibular arch (A1 B1 C1 D1) where
A1 is the distance between the distal surface of the
second right premolar to the mesial surface of the
canine on the same side, B1 is the distance between
the mesial surface of the right canine to the midline,
C1 is the distance from the midline to the mesial
surface of the left canine, D1 is the distance from the
mesial surface of the left canine to the distal surface
of the second premolar on the same side. The sample
was classified into 3 groups: crowding (values less
than ­1 mm), spacing (values higher than 1 mm) and
normal (values from ­0.9 mm to 0.9 mm).
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Fig. 1: Measurement of transversal distance between homologous
teeth on digital maxillary cast.

Fig. 2: Measurement of arch length on digital mandibular cast. Fig. 3: Determination of arch shape on maxillary digital cast.



Statistical analysis was performed using SPSS
software (Version 20 for Windows) and RealStatistics.
All measurements were taken by a single observer,
trained in taking measurements. To determine intra­
rater error, measurements were taken 15 days apart for
19% of the sample, and Bland Altmand graphs29 and
Dahlberg and Houston statistics30 were applied.

RESULTS
The results of the paired T­test for each variable
show that there was no difference in the average of
the measurements taken by a single rater (p>0.05),
accepting H0 for equal means. The Dalhberg values
for each variable (0.30 mm, 0.40 mm, 0.28 mm,
0.40 mm, 0.39 mm, 0.30 mm, 0.30 mm) show
control of the systematic random error for one rater. 
In the upper arch, mean distances between canines,
between premolars (first and second), between
molars and arch length were greater in males than
females; nevertheless, there was no significant
difference (p<0.05) between any of the variables in
upper and lower arches (Tables 1 and 2).

No significant difference was found between sexes
for upper and lower tooth size (p>0.05) although
measurements were greater for males than females
(p<0.05) (Tables 3 and 4).
In the upper arch, spacing discrepancy was present
in 68.25% of the sample, crowding in 19.04%, and
normal ratio in 12.69%. For lower arch, there was
spacing in 66.66%, crowding in 20.63% and normal
ratio in 12.69%.
For upper arches, in subjects with spacing, 74.41%
of the arches were oval, 18.59% were square and
6.97% were triangular. In subjects with crowding,
75.0% of the arches were oval, 25.0% were
triangular and none square. In subjects with normal
arch ratio, 87.54% of the arches were oval and
12.45% triangular (Table 5). 
For lower arches, in subjects with spacing, 73.80% of
the arches were oval, 14.28% square and 11.89%
triangular. In subjects with crowding, 61.51% of the
arches were oval, 30.73% triangular and 7.65% square.
In subjects with normal ratio, 75.01% of the arches
were oval and 24.98% were triangular (Table 6).
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Table 1: Comparison of upper arch variables for both sexes.

UPPER ARCH

Female Male

Mean SD Min Max Mean SD Min Min p

Inter-canine distance 36.53 3.37 30.07 44.01 35.66 2.64 29.25 38.15 0.27

Distance between 1st premolars 44.86 3.24 37.94 52.11 44.00 2.70 36.36 48 0.25

Distance between 2nd premolars 49.79 3.53 42.63 57.15 49.01 2.52 42.02 53.67 0.31

Distance between 1st Molars 54.69 3.37 46.91 62.09 53.81 3.34 42.1 59.01 0.30

Arch length 27.42 2.95 21.19 32.61 27.18 2.24 23.09 31.7 0.72

*significance p<0.05

Table 2: Comparison of lower arch variables for both sexes.

LOWER ARCH

Female Male

Mean SD Min Max Mean SD Min Min p

Inter-canine distance 28.53 2.69 23.92 38.15 27.65 2.7 21.19 32.96 0.20

Distance between 1st premolars  36.35 2.32 31.66 41.99 36.36 0.29 32.26 41.26 0.98

Distance between 2nd premolars 42.44 3.08 36.54 49.51 41.41 3.5 28.62 47.94 0.22

Distance between 1st Molars 48.24 3.64 42.89 61.89 47.23 3.2 41.33 53.81 0.25

Arch length 24.01 2.99 30.97 17.16 23.94 2.48 18.82 30.22 0.92

*significance p<0.05



Tables 7 and 8 show means and SD for the different
variables in the three groups (spacing, crowding and
normal ratio) in upper and lower arches. The means
for all variables were higher in the spacing group,
except upper arch length, although there was no
significant difference in the variables between
groups (p>0.05). 
To explore the groups internally, the categories
spacing and crowding were divided. Crowding was

considered moderate­to­severe in subjects with a
difference greater than ­4 mm in available space /
required space ratio; and spacing was considered
moderate­to­severe in subjects with a positive
difference of + 4 mm for this ratio. Comparison of
the moderate­to­severe crowding and moderate­to­
severe spacing groups showed significant differences
(p<0.05) in the distances between first and second
premolar for both arches (Tables 9 and 10). 
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Table 3: Comparison of upper tooth sizes per sex.

1st Molar 2nd Premolar 1st Premolar Canine Lateral Central

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

MALE 10.25 0.76 7.20 0.92 7.26 0.65 7.65 0.78 6.54 0.81 8.41 0.71

FEMALE 10.35 0.82 6.77 0.67 7.13 0.65 7.50 0.56 6.33 0.85 8.30 0.71

P 0.62 0.25 0.41 0.34 0.30 0.55

*significance p<0.05

Table 4: Comparison of lower tooth sizes per sex.

1st Molar 2nd Premolar 1st Premolar Canine Lateral Central

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

MALE 11.02 0.83 7.41 1.08 7.16 0.69 6.69 0.69 5.77 0.65 5.18 0.51

FEMALE 11.06 0.97 7.28 0.66 7.18 0.62 6.51 0.65 5.67 0.61 5.07 0.59

P 0.88 0.58 0.96 0.42 0.60 0.59

*significance p<0.05

Table 5: Discrepancy ratio and arch shape in upper 
arch.

Discrepancy Arch Shape

Oval Square Triangular 

Spacing 32 74.41% 8 18.59% 3 6.97%

Crowding  9 75.0% 0 0% 3 25.0%

Normal 7 87.54% 0 0% 1 12.45%

Table 6: Discrepancy ratio and arch shape in lower 
arch.

Discrepancy Arch Shape

Oval Square Triangular 

Spacing 31 73.80% 6 14.28% 5 11.89%

Crowding  8 61.51% 1 7.65% 4 30.73%

Normal 6 75.01% 0 0% 2 24.98%

Table 7: Descriptive analysis of Spacing, Crowding and Normal in upper arch.

Spacing Crowding Normal

Mean SD Mean SD Mean SD P

Inter-canine distance 36.45 0.41 35.28 0.87 35.35 1.55 0.12

Distance between 1st premolars  44.85 0.39 43.30 0.97 43.69 1.46 0.07

Distance between 2nd premolars 49.79 0.41 48.59 0.88 48.41 1.59 0.11

Distance between  molars 54.76 0.40 54.02 0.89 53.05 1.53 0.23

Arch length 27.05 0.42 27.82 0.47 27.8 0.89 0.11

*significance p<0.05



DISCUSSION
The aim of this study was to determine differences
in arch length; inter­canine, inter­premolar and inter­
molar distances, and arch shape among subjects with
crowding and spacing dental discrepancies, in an
Afro­descendant population, in which there is
usually larger tooth­size and frequent presence of
diastemas. 
In the Afro­Colombian population study sample, we
found a greater frequency of spacing discrepancy

(68.25% for upper arch and 66.66% for lower arch).
These results are similar to those reported by
Burris18 for a black American population, in whom
greater presence of spacing was found. 
In this population, the frequency of spacing was
high, but no significant difference was found in arch
parameters between groups (crowding and spacing).
However, because orthodontics traditionally
classifies discrepancies as severe, moderate and
mild, the sample was divided accordingly. Signi ­
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Table 8: Descriptive analysis of Spacing, Crowding and Normal in lower arch.

Spacing Crowding Normal

Mean SD Mean SD Mean SD

Inter-canine distance 27.92 0.38 27.49 0.58 28.77 0.83

Distance between 1st premolars  36.42 0.37 35.45 0.49 37.51 0.73

Distance between 2nd premolars 42.29 0.44 40.39 0.66 43.84 0.79

Distance between molars 47.65 0.45 45.95 0.73 49.11 0.96

Arch length 24.07 0.45 23.99 0.41 23.43 1.09

Source: Author

Table 9: Difference between severe crowding and severe spacing in upper arch.

Severe Crowding Severe Spacing

Mean SD Mean SD p (T<=t) one p (T<=t) two
tailed tailed

Inter-canine distance 35.05 5.09 36.93 6.63 0.10 0.20

Distance between 1st premolars  43.10 11.89 45.55 6.96 0.12 0.24

Distance between 2nd premolars 48.27 18.28 50.21 7.25 0.22 0.44

Distance between molars 51.82 43.70 55.11 7.23 0.19 0.39

Arch length 27.71 6.19 27.69 8.08 0.49 0.98

*significance p<0.05

Table 10: Difference between severe crowding and severe spacing in lower arch.

Severe Crowding Severe Spacing

Mean SD Mean SD p (T<=t) one p (T<=t) two
tailed tailed

Inter-canine distance 26.46 1.93 28.08 2.71 0.13 0.27

Distance between 1st premolars  34.75 1.04 36.98 2.21 0.019* 0.03*

Distance between 2nd premolars 40.52 1.05 42.69 2.58 0.019* 0.03*

Distance between molars 44.97 2.65 48.19 3.93 0.07 0.15

Arch length 23.05 1.42 24.03 3.14 0.18 0.37

*significance p<0.05



ficant differences between inter­premolar distances
were found between the extremes – severe crowding
compared to severe spacing. This is in agreement
with a study on a Pakistani population by Faruqui31.
However, our results differ from other studies in
which the difference was greater for inter­canine and
inter­molar distances17,20. These results should be
considered with caution, due to the small sample size.
The most frequent arch shape in the study popula ­
tion was “oval”, both for upper arch (78.98%) and
lower arch (70.10%). These results are in agreement
with Bedoya­Rodríguez et al.20, who found a
frequency of 78.6% oval for upper arch and 74.3%
for lower arch in an Afro­descendant population in
the Cauca Department, Colombia. However, our
results differ from those reported by Burris18 in
American blacks, in whom the most frequent arch
shape was square. These results may be a consequence
of allometries in the growth and development
processes in North American and Latin American
populations.
Comparison between sexes showed no significant
difference in study variables. Therefore, no distinc ­
tion is made according to sex, and the sample is
taken as a single group, in contrast to other studies
that found significantly larger measurements in
males than in females for all variables6,18. 
Dental crowding and spacing are known to be the
outcome of several etiological factors in permanent
dentition. However, discrepancy in the mesiodistal
size of upper and lower teeth is considered to be a
determining factor12,14. Although there is no statis ­
tically significant difference in tooth size between
sexes, teeth were slightly larger in males than in
females, whereas transverse arch measurements were
greater in females. For orthodontic diagnosis, the
amount of space deficiency or excess in the arch is
usually established according to the mesiodistal size
of teeth and the perimeter of the arches 32­34. Some
studies suggest that other factors, such as tooth shape,
bony base shape, arch length and arch transversal
width play an important part in special discrepancies
and have implications in the diagnosis and treatment
plan5,6,17,18.
Crowding is also caused by dental compensation to
problems of arch­length discrepancy. The current
study did not consider this variable because profile
radiographs were not available. It is therefore
recommended to use craniofacial radiographs in
future studies in order to relate malocclusions to

dental discrepancies, considering that this popu ­
lation tends to have biprotrusion35. 
Inclination of tooth long axes may be one of the
reasons for spacing. Maxillary teeth, particularly
incisors, tend to be more inclined over the basal arch,
as mentioned by Moorrees8 in a study finding that
the teeth in the mandibular arch had considerable
inclination with respect to the occlusal plane and
therefore the maxillary dental arch presented a larger
circumference than the bony base arch.
A possible cause of dental discrepancy (spacing and
crowding) in the study sample may be alterations in
tooth size, considering that diagnostic exploration
found low Bolton’s index in 34.9% of this
population14.
One of the limitations in this study is the lack of
standardization in transverse arch measurements.
Some authors use palatine and lingual cusps as
reference points8, others measure from the distal
fossae in premolars to the central fossa in molars29,36

and still others consider vestibular cusps, as we did
in the current study17,18. Nevertheless, the study
sample is not consistent with the representation of
the Afro­Colombian population, in addition to
which oral status made it difficult to meet the
exclusion criteria because the population is highly
susceptible to dental caries and edentulism37. 
One of the problems in odontometric studies is the
low reproducibility of measurements. In this study,
error was controlled by ensuring that the rater was
sufficiently trained to achieve consistent results.
Analyses for orthodontic diagnosis should take into
account that if standards from other populations are
used, tooth size may vary as a result of sexual
dimorphism, greater ethnic influence or specific
kinds of malocclusion33. It is therefore essential to
evaluate the patient individually rather than
according to measurements or analyses performed
on other populations.
The current study found no significant differences
for arch parameters (arch length, arch shape, 
inter­canine distance, inter­premolar distance, inter­
molar distance, arch perimeter, tooth size) of dental
discrepancies (crowding and spacing). Greater
spacing discrepancy was found for both arches.
Moreover, no significant differences were found for
the variables (arch length, arch shape, inter­canine
distance, inter­premolar distance, inter­molar
distance, arch perimeter, tooth size) between males
and females. The most frequent arch shape was
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oval. For subjects with spacing, the upper arch was
oval in 74.41% and the lower arch was oval in
73.80%. For subjects with crowding, the upper arch
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inclination and the individual skeletal component.
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