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A comparison of the dental age
estimation methods of Phillips
and Proffit in a sample of South

African children.
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SUMMARY

Introduction: Dental age is an indicator of the physiological maturity
of growing children. Different methods for estimating the dental
age in contrast to the chronological age have been proposed.

Aims and objectives

The aim of this retrospective study was to compare the accuracy
of the Phillips and the Proffit methods in estimating the dental age
in a mixed sample of South African children.

Methods

A random selection was completed of 100 panoramic radiographs
of patients with known chronological ages, ranging between 6
and 11 years. Dental age for each radiograph was estimated using
both the Phillips and the Proffit methods.

Results

The Phillips method underestimated the age of combined sample
by four months (statistically significant p =0.03), whilst the age of
the boys sample was underestimated by six months (statistically
significant p <0.0001). For the girls’ sample, the Proffit method
underestimated the age by only two days (not statistically
significant p =0.97). Proffit’s method underestimated the age of
the boys by two months (not statistically significant (p= 0.15).

Conclusion

Even though it has not previously been validated, Proffit's
description of dental development has been shown to be accurate
in estimating the dental age.

INTRODUCTION AND LITERATURE REVIEW
Dental age (DA) is defined as “the morphological state of an
individual’s dentition without reference to their actual age”.! When
compared with somatic, skeletal and sexual ages, DA was found
to be less variable in assessing the chronological age.?

The most common DA estimation methods are the Moorrees,
Fanning and Hunt method, the Demirjian, Goldstein and Tanner
method and the Gustafson and Koch chart.>* These methods
were based on specific populations i.e. the reference population
which has its own ethnic complexity and background.® Therefore,
using these methods in other populations will always carry the risk
of inaccuracy. To overcome the risk, population-specific tables
were suggested to match the diversity of each population.®-"°
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Examples include the specific tables which were generated for
each population in the following countries: Southern Finland,
India, Korea, Saudi Arabia, Pakistan and South Africa.®'%"® These
specific tables were tested in their own reference populations and
found to be more accurate than standard methods.

The Phillips tables are population-specific tables which were
designed to match the diversity of the South African population.
Phillips’ tables were published in 2009 and consisted of three
tables (Tygerberg, Indian and Nguni) derived from 1476 panoramic
radiographs of South African children from different ethnic groups
(White, Coloured, Indian and Black). These tables were tested in a
sample of South African children and adolescents and were found
to be the most accurate method for DA estimation if the ethnic
origin is known."

Proffit's DA description has been used in dental faculties
throughout the world as a teaching tool to explain the concept of
DA to dental students. It has been used extensively as a clinical
tool in interceptive orthodontics and in paediatric dentistry. The
description consists of eight stages from DA six to DA fifteen.’® The
description uses tooth eruption but also evaluates tooth formation
and mineralization on a radiograph in order to determine the DA.'®

The Proffit description for DA has been widely accepted in
academia because it is simple and straightforward. It has however
never been tested scientifically against any of the other DA
estimation methods.

The South African population is ethnically diverse and includes
a significant section of the population that is of mixed ethnic
origin (Census, 2011). Previous work has taken ethnic issues into
account and an influence has been demonstrated.®'® The aim
of this study was to compare the accuracies of the Phillips and
Proffit methods of estimating the DA from panoramic radiographs
in a random sample of South African children of all races. Any
ethnic influence would therefore be equal for either method, and
the comparisons would be valid. An objective of this study was to
assess the accuracy of the Proffit method, which is widely taught,
when applied to a multi-ethnic group of South African children.
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MATERIALS AND METHOD

Permission to carry out the study was obtained from the Senate
Research Ethics Committee of the University of the Western Cape.

A retrospective cross-sectional study was carried out. The study
population was selected from amongst the available panoramic
radiographs taken from the records database of the Department
of Paediatric Dentistry (University of the Western Cape).

Inclusion criteria

® Good quality panoramic radiographs.

® Patients with a chronological age between 6 and 11 years.

® The date on which the panoramic radiographs were taken had
to be recorded.

® There also needed to be information regarding the gender and
the date of birth.

Exclusion criteria

® Radiographs of poor quality.

® Radiographs demonstrating gross pathology.

® Bilateral congenitally missing permanent teeth. (If a tooth was
only absent on one side, the contralateral tooth was assessed.)

The sample finally comprised 100 panoramic radiographs which
were sorted according to chronological age and sex by someone
other than the author. The radiographs were then divided into
five groups according to the age of the patient at the time of the
radiograph being taken.

Privacy of the participant data found in the folders was respected
and confidentiality was strictly maintained. Informed consent had
been obtained during the initial clinical evaluation.

The panoramic radiographs were saved as JPEG image files and
were viewed using the Photo gallery programme.

Data collection was done using two forms i.e. one for each DA
estimation method. Each panoramic radiograph was assessed
using both the Phillips and Proffit criteria as described in the
literature.'s ©

The sample was examined by the author only who was blinded
as to the chronological age and the gender of the child when
estimating the DA.

The calculation of actual chronological age was done by
subtracting the date of birth from the date on which the radiograph
was taken. The calculation gave the age in fractions of years which
was approximated to two decimal points.

The accuracy of the tested methods in this study was defined by
how closely the estimated DA was to the chronological age. A
positive number was considered to be an overestimation while a
negative number was considered an underestimation.

Table 1: Distribution of the sample according to chronological
age (years) and gender
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RESULTS

Intra-observer reliability

Twenty percent of the sample was re-examined after two weeks.
The mean differences between the data recorded for the initial
and the repeated assessments for both the Phillips and Proffit
methods were not statistically significant, p-values = 0.5575 and
0.6453 respectively. The results show that the readings for both
methods are reliable and unbiased.

Figure 1: Frequency of random errors of Phillips’ method in girls

Figure 2: Frequency of random errors of Proffit's method in girls

Phillips” method

The present study shows that Phillips’ method predominantly
underestimated the age in this sample of South African girls
and boys by 4 and 6 months respectively (p-value = 0.03 and
<0.0001 respectively). The overall bias was statistically significant.
Furthermore, for girls sample the underestimation appears to
be age dependent (Figure 5 shows linear regression line with
intercept= 2.354, slope= -0.318 and p-value= 0.002 which is
statistically significant). The bias is positive at the smaller age
groups i.e. from 6 to 8.9 years and negative at the larger age
groups i.e. from 9 to 11 years. So, the older the girl, the more
likely the Phillips method is to underestimate the age. However, for
the boys’ sample the underestimation is not age dependent (linear
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Figure 3: Frequency of random errors of Phillips’ method in boys

Figure 4: Frequency of random errors of Proffit’s method in boys

Figure 5: Phillips’ bias plotted against chronological age for girls

regression line with intercept= -0.121, slope= 0.043 and p-value =
0.58 which is not statistically significant). This means that Phillips’
method was generally biased when applied to the study sample.

Figures 1 and 2 indicate that for girls the mean error according to
Phillips is greater than the mean error according to Proffit.

Proffit's Method

The results of age estimation in girls and boys show that Proffit's
method underestimates the DA of girls and boys by two days and
two months respectively (p-value = 0.97 and 0.15 respectively). The
underestimation is not statistically significant. Furthermore, unlike
the Phillips method, there is no age dependent bias (p-values for
the linear regressions are 0.11 and 0.78 respectively) which are not
statistically significant.

Figures 3 and 4 indicate that the mean error for boys according
to Phillips is smaller than that of Proffit’'s mean error (p-value of
0.002).

DISCUSSION

The bias demonstrated in the current study of the Phillips method
is contrary to the report by Hag-Mahmoud'” who investigated
the accuracy of the method in a sample of Sudanese children.
That author found that Phillips’ method overestimated the age
of girls by two and half months and underestimated the age of
boys by only one month (unpublished data).'” This overall bias was
not statistically significant. However, the difference between the
present study and Hag-Mahmoud’s study'” could be explained
by differences in age groups, age distribution across the groups,
ethnic origin and statistical analysis between the two studies.

The inaccuracy of Phillips’ method found in the current study was
not an expected outcome as the method was derived originally
from a sample of South Africa children. However, this could be
due to several reasons. The Phillips’ method is a scoring system
which depends on multiple readings of the developmental stages
for eight permanent teeth. Although the intra-observer reliability
score showed unbiased results, subjectivity of the readings
cannot be completely excluded.”® Furthermore, distinguishing
between the different developmental stages could be very
challenging especially when the tooth presented as a borderline
stage. It is difficult to judge whether a half or a third of the root
has formed if you don’t know the final root length.”® The absence
of the intermediate stage (i.e. one third of the root completed) may
contribute to the biased estimation.'™

Phillips” method also included the mandibular third molar which is
known for its variability and unpredictability.?® According to Miles,?!
DA estimation using the third molar can produce an error of two
years. This may have affected the scoring system and led to bias
in the overall results.

Proffit’s method

No age dependent bias was demonstrated for Proffit’s method,
the p-values for the linear regressions being not statistically
significant. This means that the method was unbiased when
applied to the study sample.

There are no other reports in the literature to allow for comparison
with the present study. Proffit published his description of DA
in 1986. It has however not been compared with the other DA
estimation methods in the literature. Despite the value of Proffit’s
description, it has not been considered as a bona fide DA
estimation method.

Random errors

The accuracy of age estimation does not depend only on the
overall bias of the estimating procedure. The random errors
associated with the overall bias are extremely important. The
frequency distribution of the random errors for Phillips and Proffit
are represented in figures 1 to 4.

The histograms indicate that there is no significant difference
in the mean errors for the girls’ sample. However, for the boys’
sample, the p-value is 0.002 which is statistically significant.

This means that Phillips’ method will have fewer random errors
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compared with Proffit when DA estimation is done on boys.

The results of this study support the argument that population
specific tables may not be very accurate within the reference
population because of the intrinsic variation - which is difficult to
explain.

CONCLUSION

It can be concluded that if one had to choose between the two
DA estimation methods for girls, Proffit's method would be more
appropriate because it underestimates the age by only two days
and has the same frequency of random errors as does Phillips’
method. However, if one had to choose between the two methods
for boys, the situation should be evaluated carefully. For boys, the
Phillips method has fewer random errors but a larger overall bias
(six months) whereas Proffit's method has more random errors but
less overall bias (two months).

The choice between the two methods should therefore depend on
the purpose of the estimation. If the method is used for estimating
the age in a single individual with an unknown chronological age
e.g. for forensic and immigration purposes, the method with less
random error would be more preferable (i.e. Phillips). However, if the
age estimation method is used for age estimation in populations
with a known mean chronological age e.g. epidemiological
studies, the method with less overall bias is preferred (i.e. Proffit).

The accuracy of the Profitt method used in a multi-ethnic group
reflects the validity of this research. This technique of dental age
prediction may be used with confidence as a reliable teaching tool.
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