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Mestizo Anterior Teeth's Proportions

Proporciones de los Dientes Anteriores en una Poblacibn Mestiza
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SUMMARY: Teeth proportions relate to beauty and harmony but aesthetic dental ideal proportion models show inconsistent results.
Golden Proportion’s, Preston’s, Fayyad's, Snow's, and Ward’s models where characterized for best fit in a Colombian mestizo population
anterior teeth. Models of teeth’s beauty proportions (Golden Proportion’s, Preston’s, Fayyad's, Snow’s, and Ward’) are analyzed for best fit
in a mestizo (mixed race) Colombian population and variables as sex, aesthetic balance or history of previous orthodontic treatments were
also analyzed for their probable impact on the distribution of the dental proportions. It was used standardized photographs of anterior teeth
on 351 individuals of both sexes with complete erupted and healthy teeth. The measurements were done by calibrated computer software
(error of 0.05 mm). A Chi squared test was used to check whether sex, aesthetic balance and previous orthodontic treatment had an impact on
the distribution of the dental proportions. Also a nonparametric Wilcoxon test was used to analysis the null hypothesis. A cluster analysis
using k means was carried out to search for subgroups, which better explain the distribution of anterior dental proportions in the sample. For
the considered results the null hypothesis of the mean equaling to the Golden Proportion was rejected (Wilcoxon test p value <0.001). For the
whole population, the Chi squared test did not reject the null hypothesis of equal proportions among the groups with respect to the sex (p
value= 0.56), aesthetic balance (p value= 0.98) and history of previous orthodontic treatments (p value= 0.67) variables. For the aesthetically
balanced individuals, the Chi squared test also failed to reject the null hypothesis of equal proportions among the groups with respect to the
sex (p value=0.63) and history of previous orthodontic treatments (p value= 0.93) variables. Two Gaussian distributions were found for RED
models fitting well in 58 % for RED 70 % (0.7 SD 0.03) and 42 % for RED 75 (0.75 SD 0.025). From the cluster analysis using k means, two
groups were identified in the whole sample. No universal model can describe the whole population but is possible to find a set of models for
the different population subgroups. Aesthetically ideals are open to interpretation. Clinical aesthetically standards for ideal teeth proportions
are open to interpretation in a mestizo (mixed raced) population.
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INTRODUCTION

For the dental professional, achieving teeth harmorgxplain a universal beauty for teeth proportions. Without
could be difficult due to this goal being directly related teonsidering the variation of this measure and accepting them
a suitable and symmetrical dental proportion. This topic &s an absolute model is a probable straightforward bet (Parnia
of human concern since Egyptians and posteriorly witt al, 2010). Inconsistent results could be endorsed to the
Euclid and Plato 1.618:1 golden proportion (GP) or divinketerogeneous population trait factor with dissimilar
proportion (Greek letter phig]). Mathematically and phenotypes related to size and form of teeth and maxillary
geometrically this number relates the ideal balance betwawades. Mixed race populations like Colombian mestizo one
two different body parts and originally tried to explairancestrally originates from an unbalanced mixture of
beauty and harmony in the art and also nature growidgnerindian, Afro descendant and European people like
patterns. others already measured (de Castral., 2006).

Nowadays, aesthetic dental variables like proportion, Lombardi was the first to relate the relative width of
symmetry, harmony and dominance (dependent from tedtiontal teeth (regressive anteroposterior visual width).
size, form and position), have been reexamined by sevefiabmbardi, 1973). With this in mind, the maxillary dental
researchers that have proposed models in an attemp#tohes observed from an anterior position generates a
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stereoscopic visual effect of apparent dimensions that create  Exclusion criteria were: diastemas, congenital
an anteroposterior vestibular perspective of surface shrinkinhsence, malformation or supernumerary teeth, crown
that accomplish a 1.618:1 in a regressive proportion. GRimage, prosthetic treatment (crowns, resins and veneers).
could fit mathematically but its application on teeth is
difficult. Under greater scrutiny GP as an absolute measure  Photographic standardization: the operator used an
is naive when morphometric of any structure should consid&3 Canon camera (12 megapixels) with 100 mm Canon
variation (Ricketts, 1982; Forstet al, 2013; Murthy & macro and a Sigma ring flash. In the sagittal plane camera
Ramani, 2008; Mahshidt al, 2004; Meshramkaet al, lens focus was centered with teeth middle line. Transversal
2013; Umeret al, 2010; Huangt al, 2012; Condort al, paralleling plane was obtained matching the horizontal lens
2013; Becerra Santes al, 2015; Gilleret al, 1994). grid with the intercanine plane. Macro was used in manual
mode and in proportion 1:2 that keeps invariable light,
GP as a mathematical reason represent for a mirgistance focus register and teeth comparison between
structure a 62 % of a major one. Applying this to anteriorolunteers. To obtain campus depth focus the higher
teeth the lateral gauge central’s 62 % and so canine the latephragm was used.
ral 62 % (Sulaimaet al, 2010; Hasanreisogét al, 2005).
Together, from central to canine the proportion must be Teeth measurements were obtained (by one operator)
1.6:1:0.6 (Ricketts). This ratio has also failed in craniofacialith PhotoShop rule (Adobe Photoshop CS6; Adobe Systems
measures like interpupilar, intercantal, interalarinc., San Jose, Calif.). PhotoShop rule was configured using
intercigomatic to teeth’s GP (Gometsal,, 2006; Mizumoto a 10 mm Mitutoyo’s caliper image in same proportion (2:1)
et al, 2009; Al-Marzoket al, 2013; Isaet al, 2010). of the teeth photos. Image measuring precision was
Moreover, some surveys to computer modified anterior teetbbnfirmed using some volunteers” dental stone models as
photos have not clear agreement (Rosenstiel.,, 2000; controls of the same measures with a centesimal error found
Wolfart et al.,, 2006; Keret al, 2008; Coopeet al, 2012). of 0.05 mm. Subsequently, six visual lengths of each ante-
rior upper tooth (A13,A12,A11,A21,A22, A23) were taken
Several researchers have explored ideal proportiontsy registering the widest incised middle zone of each teeth
models that can be resumed as GP’s, Preston’s, Fayyapé&rpendicular to the major teeth axis (Fig. 1). Data were
Snow’s, and Ward’s ones. Ward suggested a varietgcorded on Excel (Excel; Microsoft Corp, Redmond, Wash.)
“Recurring Esthetic Dental” or RED as 70 %, 75 %, 80 %nd analyzed in R statistical software.
different to 62 % of the GP (Ricketts; Preston, 1993; Snow,
1999; Ali Fayyackt al, 2006; Ward, 2007). With the aim of Dental proportion quantification . For all the participants
characterizing and finding the models that best fit thine proportions A22/A21, A23/A22, A12/Al11, A13/A12
proportions of anterior teeth in a Colombian mestizavere computed. A Chi squared test was used to test whether
population, they were estimated and compared. A clustime following factors had an impact on the distribution of
analysis was also performed on the dental proportionstime dental proportions: sex, aesthetic balance and previous
this population to finally conclude that no universal modaedrthodontic treatment. We computed the fraction of
exist that can describe the whole population but that it jgoportions lying in the range 0.55 to 0.64. A nonparametric
possible to find a set of models for the different populatiowilcoxon test was used to test the null hypothesis that
subgroups. The implications of this in the practice angroportions were distributed with mean 0.62.
discussed in the conclusions of this report.
Fitting of different dental models. The following models
were used to describe dental proportions in the sample: GP,
MATERIAL AND METHOD Fayyad, Snow, Preston, Ward (RED 70 % — 75 % — 80 %), a
general RED one. For the GP, Fayyad, Snow, Preston and
RED (70 % — 75 % — 80 %) it was proceeded as follows: for
Population and dental measurementsStandardized each individual the width of each tooth was predicted using
photographs of anterior teeth were taken by one operatoralhthe models; for each tooth it was obtained the prediction
351 individuals of both sexes with complete erupted aretror as the difference between the model prediction and the
healthy teeth. The Ethics Committee of the Universidad @etual measure. For example, for the GP model, for each
Antioquia approved the research. Patient consent wsisbject in the sample it was computed A12 as 0.62*A11 and
obtained before taking the photographs. Photos were tak&h3 as 0.62*A12, and so on (Fig. 2). A standard t test was
with lip retractor (PTJ Intl Co, Houdemont, France) in seatagsed to test the null hypothesis that the prediction error was
position and occipital support keeping the Frankfort plardistributed with zero mean. It was also plot the corresponding
parallel to the floor. histograms for each model and each tooth (Figs. 3-6).
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a.  Golden proportion. According to this model: A12=0.62xA11, A13=0.62xA12, A22=0.62xA21 and A22=0.62xA23.

b.  Fayyad. According to this model: A11=0.23xIC,, A21=0.23xIC,, A12=0.15xIC,, A22=0.15xIC,, A13= 0.12xIC,
and A23= 0.12xIC, with IC,= AI3+AI2+All+Al2+A22+A23.

c.  Snow. According to this model: A/1=0.25xIC,, A21=0.25xIC,, A12= 0.15xIC,, A22= 0.15xIC,, Al13= 0,10xIC,
and A23=0,10xIC,.

d.  Preston. According to this model: A12=0.66xA11, A13=0.66xA12, A22=0,84xA21 and A22=0,84xA23.

e.  Ward-RED px100%. According to this model: A12= pxA11, A13 =pxA12, A22= pxA21 and A22= pxA23.

Fig. 2. Supplementary Data — Models of dental proportion S1.

2 5%
Fig. 1. Colombian mestizo’s aesthetically balanced smile with
proportions with pleasing symmetry and dominance.

General RED model A general RED model was derived =1C_d/(A11 +A21)=(1 +p + p"2)

from the expression ICd= (A1l + A21) x (1 + p + p2) ,

where ICd represents the intercanine distance and p is a  For each subject we computed p as the positive

proportion parameter. For RED-70, RED-75 and RED-88olution of the second order equation 0=[L— +p + p"2.

models the proportion parameter p takes the values of 0.The value of the average dental proportion parameter p was
0.75 and 0.80, respectively. This parameter p can m®mputed for each individual and it was tested whether or

interpreted as the average dental proportion for a single inet the distribution of this parameter in the sample could

dividual. It was thus define the quantity as: be described by a Gaussian distribution or a mixture of
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Fig. 3. Histograms of the prediction error for Golden Proportion model.
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Fig. 4. Histograms of the prediction error for Fayyad model.
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Fig. 5.Histograms of the prediction error for Snow model.
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Gaussiardistributions. This was carried out
using the expectation maximization algorithm
(EM) and the Aikake’s information criterion

(AIC) was used to define the number of
Gaussians in the mixture.

Cluster analysis A cluster analysis using k
means was carried out to search for subgroups
within the sample, which better explains the
distribution of anterior dental proportions in the
sample. In a first step, it was aimed at identifying
sub groups in the whole sample and in a second
step, we searched for groups within the
aesthetically balanced subjects. Chi squared test
was used to test whether some of the considered
variables (sex, aesthetic balance or history of
previous orthodontic treatments) had an effect on
the formation of the groups. All the statistical
analysis was performed using the R software.

RESULTS

Sample consisted in male (202) and
female (149). Age range was 18—40 (SD=4.59).
About 38 % of the individuals had a history of
previous orthodontic treatments, and 34 % of
the individuals were classified by the same
expert as aesthetically balanced. Among the
individuals with a history of previous
orthodontic treatments, 46 % were classed as
aesthetically balanced whereas only 26 % of the
individuals without history of previous
orthodontic treatments were classed as
aesthetically balanced (Chi squared test p value
<0.001).

The descriptive statistics for the anterior
dental proportions are presented (Table I). It also
presents the p values of the Wilcoxon test testing
the null hypothesis that there is no difference
(in the mean) among groups defined by the
corresponding variable (sex, aesthetic balance
and history of orthodontic treatment) and it also
shows the percentage of anterior dental
proportions lying within the range 0.55-0.64.

For the considered proportions the null
hypothesis of the mean equaling to the GP was
rejected (Wilcoxon test p value <0.001). Errors
and standard deviations of the predictions of the
different models are related (Table II).
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AA12 AA22 A mixture of two Gaussian distributions
for the parameter p of the general Ward-RED
~ = model was fit to our sample. Figure 7 presents
the histogram of the parameter p as well as the
nonparametric fit of this histogram and the two
Gaussian densities of the mixture. The
parameters of the mixture were mean= 0.7 and
SD= 0.03, for the first Gaussian (which
represents 58 % of population) and mean= 0.75
and SD= 0.025 for the second Gaussian (which
represents 42 % of population). The mean and
Actual-Model predicted [mm] Actual-Model predicted [mm] standard deviation for the error predictions for
this model are also shown (Table Il, Mixture of
WR).
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From the cluster analysis using k means,
two groups were identified in the whole sample.
. The centers of both groups and the standard
_ deviation of each anterior dental proportion are
o o presented (Table I1l). Regarding the aesthetically
° ° balanced individuals, two groups were also
] identified (Table 1V). For the whole population,
[ : : i | the Chi squared test did not reject the null
hypothesis of equal proportions among the
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groups with respect to the sex (p value= 0.56),
Actual-Model predicted [mm] Actual-Model predicted [mm] aesthetic balance (p value= 0.98) and history of
Fig. 6. Histograms of the prediction error for Preston model. previous orthodontic treatments (p value= 0.67)

variables. For the aesthetically balanced
- - . . . individuals, the Chi squared test also failed to
Table I. Descriptive statistics of the population anterior dental proportions. *; d

value of the Wilcoxon test of the null hypothesis that there is no differen%%ect the null hypoth§S|s of equal proportions
ong the groups with respect to the sex (p

among groups defined by the corresponding variable; Aesth. Bal.: aestheti¥d

lance; Hist. Orth.: history of previous orthodontic treatments. value= 0.63) and history of previous orthodontic
A22/A21 A23/A22 A12/A11 Al13/A12 treatments (p value= 093) variables. FigUreS 8

Min. 047 0.45 0.45 0.47 and 9 present the scatter plots of the dental

Median 0.68 0.82 0.69 0.81 proportions and illustrate the distribution of the

Mean 0.68 0.82 0.69 0.82 groups in the whole sample and in the

Max. 0.72 0.89 0.73 1.63 aesthetically balanced individual.

SD 0.06 0.13 0.06 0.14

Sex (p value)* 0.41 0.29 0.07 0.75

Aesth. Bal. (p value)* 0.87 0.48 0.20 0.22

Hist. Orth. (p value)* 0.06 0.95 0.00 0.56

% (0.55-0.64) 25.64 5.41 17.66 6.8

Table Il. Mean errors and standard deviations (both in mm) for the predicted measurements of the different models. *: the p value
of the Wilcoxon test testing if the errors have mean equal to zero was <0.01; WR: Ward-Red.

Model A13 Al2 All A21 A22 A23

GP 1.14% (0.73) 0.59* (0.56) 0.48* (0.54) 1.11* (0.68)
Fayyad 0.21% (0.57) 0.18% (0.48)  -021*(0.40)  -0.27* (0.36) 0.02 (0.45) 0.07* (055)
Snow 0.98* (0.57) 0.18% (0.48)  -098*(0.41)  -1.05% (0.38) 0.02 (0.45) 0.85* (0.55)
Preston 20.18%(0.82)  0.24* (0.58) 0.13* (0.54)  -0.18%(0.75)
WR-70 % 0.67* (0.76)  -0.11* (0.57) 2022%(0.55)  0.64* (0.71)
WR-75 % 0.36* (0.78)  -0.54* (0.58) 2065%(0.55)  0.35%(0.72)
WR-80 % 0.06 (0.80) -0.99* (0.59) -1.08* (0.56) 0.06 (0.74)
Mixture of WR 0.54* (0.75)  -0.28* (0.51) -038*(0.47)  0.52* (0.70)
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Table Ill. Results of the clustering analysis in whole sample. XX (YY): Center the cluster
(group standard deviation).

A22/A21 A23/A22 A12/A11 A13/A12
Group 1 (59 %) 0.70 (0.06) 0.74 (0.09) 0.71 (0.05) 0.74 (0.09)
Group 2 (41 %) 0.64 (0.06) 0.92(0.11) 0.65 (0.06) 0.94 (0.13)

Table IV. Results of the clustering analysis in the subset of aesthetically balanced subjects.
XX (YY): Center the cluster (group standard deviation).

A22/A21 A23/A22 A12/A11 A13/A12
Group 1 (58 %) 0.69 (0.05) 0.74 (0.07) 0.70 (0.05) 0.76 (0.08)
Group 2 (42 %) 0.65 (0.05) 0.90 (0.08) 0.66 (0.06) 0.93 (0.09)

Distribuion of p

D]

Fig. 7. Histogram of the distribution of the p parameter
estimation. The dash line is a nonparametric fit of the
whole population. The red line is a Gaussian density
(mean= 0.7 and SD= 0.03), which describes 58 % of

% of the sample.

the whole sample.

the sample, and the green line is a Gaussian density
(mean=0.75 and SD= 0.025), which represents the 42
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Results from the cluster analysis (aesth. bal.)
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Fig. 9. Scatter plot of the
groups for the aesthetically
balanced individuals.
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DISCUSION

Five proposed models were fit with ideal dentabf 25-15-10 %. Ali Fayyaét al in a Jordan population
proportions to a Mestizo Colombian sample with best fit ifound a distinctive one (23-15-12 %), with a proportion
Preston model (Fig. 6) for lateral/central and canine/lateral53:1:0.8 been agreed with Hasanreiscgfiial Other
proportion with 0.68 and 0.82 respectively compared witBxample of this variability is presented by Foster gtth
Preston models 0.66 and 0.84. Similarly, RED models showE@ingarian population with 1.6:1:0.85. Murthy & Ramani,
some population fitting well in RED 70 % and 75 % in twdVlashidet al, Meshramkaet al, Becerra Santcat al, and
groups of our sample: 58 % adjusting for RED 70 (0.7 SBuillenet al failed to find a solid relationship between GP
0.03) and 42 % adjusting for RED 75 (0.75 SD 0.025), shovand size of anterior in teeth in Indian, Iranians, Colombians
in Figure 7. These heterogonous results that fit, in an spaad North Americans. With this in mind, there appears to be
form, for two models is not surprising due to close range clear need of proportion adjustment in each ethnic group.
between all purposed models, also for the mixed raced
population found in Colombia. In Figures 3—6 shows the worst No association was found between the proportions
models for this sample (GP’s, Fayyad's and Snow’s ones)and variables related to best or ideal aesthetic balance,

previous orthodontic treatments, side or sex. Side variable

In several populations researchers have shown this paired sample suggest a good symmetry balance
contrasting results. Preston found a proportion 0.62-0.66tween left and right proportions. Related to sex the pro-
(central-lateral) and 0.84 (lateral-canine) and narrower tediable sexual dimorphism factor influencing discrepancies
if applying GP. He demonstrated that only 17 % of GP wei@ sex were not found in this research agreeing with Sulaiman
observed in central-lateral correlation. Equally, Sulaietan et al, Umeret al, and others (Huargg al). Sex dimorphism
al. found near values correspondingly (0.7 and 0.82) differefitust be understood in a morphometric measurement but not
to 0.62 in Malay. Ward suggested RED 70 %, 75 % and 80a proportion feature that discloses that in an aesthetic point
% proportions with a central to canine percentage distributioii view teeth size do not influence beauty.
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Almost one third of the whole population (34 %) Wa%AM'REZ, L. M.; OSPINA, J. D. & BALLESTEROS,
classified as aesthetically balanced. Orthodontic therapiese. proporciones de los dientes anteriores en una poblacion
were registered in the 38 % of the whole sample and withiRestizalnt. J. Morphol., 34(1p23-231, 2016.

this almost half (46 %) accomplish aesthetic balance in

contrast to 26 % with aesthetic balance found in individuals RESUMEN: Las proporciones de los dientes se re-
without history of previous orthodontic therapy (Chi squarefieren a su belleza y armonia, pero los modelos de proporcio-
test p value <0.001). In the same direction the results cannet dentales estéticas ideales muestran resultados inconsis-
found association between volunteers with previousntes. La proporcion Aureay los modelos de Preston, Fayyad,
orthodontic treatment and ideal proportions. Apparently, tHgnow, y Ward fueron ajustados para caracterizar los dientes
above suggests a controversial orthodontic treatment g8l una poblacion colombiana mestiza. Modelos de propor-
against therapy for the attainment of aesthetic balance imp&é@nes de belleza de dientes (Proporcion Aurea, Modelos de
However, orthodontic treatment is considered a dichotonfyfeston, Fayyad, Snow y Ward) se analizaron para lograr al-
variable with questionable reliability due to the loss ofanZar el mejor ajuste en una poblacion colombiana mestiza

detailed information about therapy length, quality, difficult)ﬂmeZCIa de_ _raz_as), y ,ta_mblen s€ an_allzaron las v_anables de
grade and maintenance. sexo, equilibrio estético e historia de tratamientos de

ortodoncia previos para evaluar su probable impacto sobre la

In relation to ideal probortions we aaree with Murth distribucion de las proporciones dentales consideradas. Fue-
prop 9 Yon utilizadas fotografias estandarizadas de dientes anterio-

& Ramanl, that th'_s cqncept can be applied if propgrtlo%s de 351 individuos de ambos sexos con dientes completa-
f"‘re adjusted, conS|der|qg the ethnicity of the population aﬂ‘}jente erupcionados y sanos. Las mediciones fueron realiza-
ideal models of proportions are not advisable for a geneggls con programas informéticos calibrados (error de 0,05 mm).
application. Mashict al suggest a cultural perception ofse ytjliz¢ la prueba Chi Cuadrado para comprobar si el sexo,
beauty for teeth balance due to ideal beauty is not an absolitequilibrio estético y el tratamiento ortodéncico previo tu-
pattern. With this in mind and according to Con@brl, vieron un impacto en la distribucion de las proporciones den-
GP guidelines could only be applied to the lateral/centradles. También se utiliz6 la prueba no paramétrica de Wilcoxon
proportion (0.618) and proposed other proportions (0.58 apdra el andlisis de la hip6tesis nula. Un analisis de conglome-
0.89) for the caninecentral and canine/lateral proportiomados, utilizando la media k, se llevd a cabo para buscar
respectively. subgrupos, que explicaron mejor la distribucion de propor-
ciones dentales anteriores en la muestra. Para que los resulta-
Dental harmony doesn’t work alone and demands@®s fueran considerados, la hipotesis nula de la media que
whole heterogeneous composition involving cranium (siZ4uivale a la proporcion aurea fue rechazada (Prueba de
and form), cranio-maxilo-mandibular proportions (maxillary/Vilcoxon, valor p <0,001). Para toda la poblacion, la prueba
transversal dimension), lips (size, form, smile line), healtf§¢ Chi Cuadrado no rechaz la hipétesis nula de proporcio-
gums and finally teeth (size, form, proportion, middle line}]€S iguales entre los grupos con respecto al sexo (valor de p=

. . 6), equilibrio estético (valor de p= 0,98) y la historia de
considering age which all create harmony, balance aﬁ%s}?%ie?]tos de ortodoncga previosp( vanr)dg p=0,67). Para
| ,67).

beauty. These on the other hand, can also be associated Y L " i
. . - os Individuos estéticamente balanceados, la prueba de Chi

unpleasant visual tension and ugliness. Cuadrado tampoco6 rechazé la hipétesis nula de proporciones

iguales entre los grupos con respecto a las variables de sexo
(valor p=0,63) y la historia de los tratamientos de ortodoncia
anteriores (valor p=0,93). Se encontraron dos distribuciones

gaussianas para los modelos RED que encajaron bien en el
58% para RED 70 % (0,7 DE 0,03) y el 42 % para RED 75
1. Preston model best fit Colombian mestizo sample. (0,75 DE 0,025). Con respecto al analisis de los conglomera-
2. RED model 70 % and 75 % are adjusted in 58 % and 43s a través de las medias k, se identificaron dos grupos en
% of the sample respectively. toda la muestra. No hay un modelo universal que pueda des-
3. Aesthetically ideals are open to interpretation. cribir toda la poblacién, pero es posible encontrar un conjun-
to de modelos para los diferentes subgrupos de poblacion.

Los ideales estéticamente estan abiertos a interpretacion. Las
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