Abdul-Majid et al., Universal Journal of Pharmaceutical Research 2024; 9(6): 14-24

Available online at www.ujpronline.com
Universal Journal of Pharmaceutical Research

Universal Journal of
Pharmaceutical Research

@O

An International Peer Reviewed Journal
ISSN: 2831-5235 (Print); 2456-8058 (Electronic)
Copyright©2024; The Author(s): This is an open-access article distributed under the terms of
the CC BY-NC 4.0 which permits unrestricted use, distribution, and reproduction in any
medium for non-commercial use provided the original author and source are credited

Check for
updates

RESEARCH ARTICLE

RELIABILITY OF MODERN RADIOGRAPHIC DENTAL AGE ESTIMATION

METHODS AMONG YEMENI CHILDREN IN SANA'A CITY, YEMEN
Arij Lutf Abdulrhman Abdul-Majid*>, Husam Abdullah Anas Aleryani'(,

Yusra Ahmed Ali Sharf Aldeen®”, Hassan Abdulwahab Al-Shamahy?*
10rthodontics, Pedodontics and Prevention Department Faculty of Dentistry, Sana‘a University, Yemen.
Departement of Basic Sciences, Faculty of Dentistry, Sana’a University, Republic of Yemen.
*Medical Microbiology and Clinical Immunology Department, Faculty of Medicine and Health Sciences, Sana’a University.

Article Info:

[m] g Article History:

1 E&i"ﬁlﬁ-ﬁ Received: 21 September 2024
i}brﬂﬁﬁi Reviewed: 13 November 2024

Accepted: 18 December 2024
Published: 15 January 2025

R

Cite this article:

Abdul-Majid ALA, Anas Aleryani HA, Sharf
Aldeen YAA, Al-Shamahy HA. Reliability of
modern radiographic dental age estimation
methods among Yemeni children in Sana‘a city,
Yemen. Universal Journal of Pharmaceutical
Research 2024; 9(6): 14-24.
http://doi.org/10.22270/ujpr.v9i6.1234

*Address for Correspondence:

Prof. Hassan A. Al-Shamahy, Department of
Basic Sciences, Faculty of Dentistry, Sana’a
University, Republic of Yemen. Medical
Microbiology and  Clinical  Immunology
Department, Faculty of Medicine and Health
Sciences, Sana’a University. Tel: +967-1-
239551; E-mail: shmahe@yemen.net.ye

Abstract

Background and aim: Without requiring any more radiographic research, dental
age assessment using panoramic X-rays is particularly helpful to children dentists
and orthodontists when arranging treatments. The purpose of this study was to
evaluate the precision of three contemporary radiography techniques for estimating
Yemeni children's dental ages.

Methods: The methods are Demirjian’s method, Cameriere’s open apex method
and Al-Qahtani’s London Atlas, in Sanaa City, Yemeni sample. The 1200
radiographs of Yemeni Children (592 girls and 608 boys) aged under the age 18
years were analyzed by the three methods. The accuracy of each method was
assessed using the mean difference and t-tests were used to assess the difference
between chronological age and dental age within each age category.

Results: Demirjian's method significantly underestimated age for both sexes (p<
0.001), according to the results, with a mean difference of 0.67 years (a mean
difference of 0.69 years for boys and 0.66 years for girls). With a mean difference
of 0.93 years (a mean difference of 0.92 years for girls and 0.94 years for boys), the
Cameriere's open apex method also significantly underestimated age for both sexes
(p<0.001). In contrast, only the 6-6.99 and 7-7.99 age groups showed no
significant differences between chronological age and dental age in either method
or gender.

Conclusion: When it came to determining dental age, the London Atlas approach
was the most accurate, followed by Demirjian's method, and the Cameriere's
method was the least accurate. Furthermore, all three techniques were determined
to be trustworthy and could be helpful in determining the age of Yemeni children
whose chronological ages are unknown. For every age group, more research with a
larger sample is needed.

Keywords: Cameriere’s method, children, Demirjian’s
estimation, London Atlas method, panoramic X-rays.

method, dental age

INTRODUCTION

evaluate legal responsibility or social rights like school
attendance, social benefits, adoption, employment,

Age is a key issue that plays a vital effect in all aspects
of life. It is established by the date of birth and the
number of years that have passed since then to any
given point in time; this is known as the chronological
age®. It is documented in birth certificates, medical
records, government databases, and many other places,
but without these records, alternative methods of
determining age are crucial, particularly considering
that approximately one-fourth of all births of children
under five worldwide go unrecorded®. Only 50% of
births in underdeveloped nations are recognized,
compared to 70% in rich nations, meaning that 50
million births worldwide go unreported. In order to
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marriage, and asylum, it is crucial to estimate an
individual's age when it is uncertain. The age at death
offers information about previous inhabitants and is
essential for identifying people in mass disasters or
crime scene investigations®.

When the date of birth is unknown, age estimation is
used. This is not a precise evaluation; rather, it
describes the individual's traits pertaining to the level
of development that fluctuates depending on
environmental, metabolic, nutritional, and genetic
factors. It is utilized in a number of significant medical
fields, including orthodontic treatment, endo-
crinopathy, pediatrics, forensic medicine, and
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premature births*. When choosing the right orthodontic
device and scheduling therapy, children dentists and
orthodontists rely on dental age assessment (DAA) °. It
is essential at the level of diagnosis, prognosis, start
treatment in the optimal growth stage (pubertal growth
spurt) and evaluation of treatments in order to achieve
ideal correction of skeletal discrepancies, use extraoral
tractions and functional appliances, and to correctly
schedule orthognathic surgery®. Thus, research on the
dental age estimation is essential.

Numerous techniques have been used to determine a
child's age, primarily by evaluating the morphological
and developmental changes of their teeth and bones.
Even though age is estimated using skeletal methods, it
has been discovered that a number of environmental
factors affect the variability of bone maturation. Since
genes rather than environmental factors influence the
rate of tooth calcification, age prediction based on
dental development is preferred. As a result, there is
less heterogeneity observed in dental indicators’®.
Using dental maturity as a guide, a variety of
morphological and radiological approaches is used to
estimate chronological age.

Yemen is a developing country. Many Yemenis do not
know their exact date of births or have their births
unregistered. Recently Yemen suffers from war,
political unrest, and crisis, that led to increase poverty,
illiteracy and immigration. All these factors is
overstated obliteration or loss of personal documents if
it was exists. So unknown chronological age or
unregistered births problem is exacerbated. There was
not related study for estimation of the chronological
ages of in Yemeni population. For all these reasons,
this study was specifically carried out in order to
determine and select suitable modern method to dental
age estimation in Yemeni children population using
panoramic radiographic dental-age estimation methods
and available documents. The accuracy of three
approaches for estimating age in non-adults using
dental radiographs is evaluated in this study. The most
widely used scoring method for estimating age was
created by Demirjian et al.?, Cameriere et al.'°, and
AlQahtani et al.}>. The aim of this study was to test the
accuracy of three modern radiographic methods for
dental age estimation on Yemeni children.

MATERIALS AND METHODS

Study design and area: A cross-sectional study with
collection of data was performed on a sample 0f1200
of panoramic X-rays, for Yemeni children from 3 to
17.99 years old who were attending in radiological
centers in Sana'a city Yemen during the period of 12
months from 1/1/2022 to 1/1/2023.

Study population: One thousand two hundred
children randomly selected from 3 t017.9 years old
attended a radiological centers (Al  Waleed
radiographic center and Taiz radiographic center) in
Sana'a city Yemen during the period of 12 months.
Inclusion criteria: Yemeni children under 18 years
old, availability of complete patient records (date of
birth, date of X-ray) and good quality of the
radiographs.

ISSN: 2456-8058

15

Universal Journal of Pharmaceutical Research 2024; 9(6): 14-24

Exclusion criteria: Patients with orthodontic
appliances or history of orthodontic treatment,
incomplete patient records, history of extractions,
systemic disease affecting growth(e.g endocrine
disease), and abnormal dental conditions (e.g.
impactation, congenitally missing teeth).

Sample size: When calculating the sample size using a
calculator, it was found that the required sample was
200 children, with a confidence limit of 95%.
However, a sample of 1200 children who were scanned
with panoramic X-rays was worked on. The number
was increased to facilitate data collection and provide
more accurate results.

Data collection: Socio-demographic data including,
chronological age and gender was collected in
questionnaire. The chronological age of the patient was
calculated by subtracting the date of birth from the date
of taking the radiographic (date of birth — date of
taking radiograph).

Estimation of dental age: Every PR was assigned a
number and coded. The lead investigator evaluated all
of the radiographs, and the morphological appearance
of the teeth on PR was used to estimate tooth maturity.
Estimation of dental age by Demirjian’s: Demirjian's
(1973) stages A through H were used to register tooth
maturity on the seven mandibular left permanent teeth.
The age score tables were then used to award the
appropriate age scores. The estimated dental age of a
specific person was calculated by adding the scores for
the seven teeth®.

Estimation of dental age by Cameriere et al.: In
summary, radiographs of the permanent mandibular
teeth on the left side—aside from the third molars—are
assessed. The number of teeth that had fully developed
roots and closed apical ends (NO) was determined. We
also looked at teeth with open apices and insufficient
root growth'®. The distance (Ai, i=1,..., 5) between the
inner sides of the open apex was measured for teeth
with a single root. The total of the distances between
the inner surfaces of the two open apices was assessed
for teeth with two roots (Ai, i=6, 7). To account for the
impact of any variations in X-ray magnification and
angulation, measurements were normalized by dividing
by the length of the tooth (Li, i=1,..., 7). Dental
maturity is evaluated according to the normalized
measurements of the seven left mandibular permanent
teeth (xi=Ai/Li, i=1,..., 7), the sum of normalized open
apices (s),and the number (NO) of teeth with root
development complete!®: (1) Age=8.971 + 0.375g +
1.631x5 + 0.674N0 — 1.034s — 0.1765*N0

Where g is a variable equal to 1 for boys and O for
girls.

Estimation of dental age by London Atlas: When
estimating age using this method, all of the teeth that
were present were taken into account. Each tooth was
examined separately, its developmental stage noted,
and the age calculator with the closest age match was
used, using the written explanations and drawings for
each step.

Statistical analysis: Intra-observer and inter-observer
error were examined because measurement validity and
reliability are extremely important. A paired sample t-
test was used to determine the significance of the

CODEN (USA): UJPRA3


http://www.ujpr.org/

Abdul-Majid et al.,

difference between DA and CA for the three formulas
in order to appraise the correctness of the age estimate
approach. For all statistical analyses, SPSS 22.0 was
used.

Ethical approval: The Medical Ethics Committee of
Sana'a University's Faculty of Dentistry provided
ethical approval, reference number 17/2021, dated June
1, 2021, and all data, including the patient's identity,
were kept confidential.

RESULTS

Table 1 shows overall distribution of the chronological
age. The standard error was +0.09 and the mean
chronological age was 11.68+3.24 years. The minimum
and highest ages were 3.80 and 17.9 years old,
respectively, while the median age was 11.68 years old.
The 11.34 years old were the majority age group
(13%). The chronological age distribution of boys and
girls is displayed in Table 2. Boys were 12.10+£3.12
years old on average, with a SE of £0.13 years. The
average age of the girls was 11.25+3.31 years, with a
standard error of £0.14 years. The mean CA for boys
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and girls did not differ in a way that was statistically
significant (p=0.733). Using Demirjian's technique,
Table 3 displays the overall mean age discrepancy
between chronological and dental age. The sample's
CA-DA was 67+0.13 years, 95% CI 0.42-0.93, with a
standard error of 0.13 years. There was a highly
significant difference between CA (11.68+3.24 years)
and DA (11.0143.22) (t (1200)=5.112, p=0.000). The
DA was often underestimated, with the exception of
children aged 3, 4, 5 and 7 years, who were
overestimated. With a mean age discrepancy of less
than a month (-0.05 years), age group 7-7.99 had the
most accurate age estimation, whereas age group 17—
which had a mean age difference of 1.55 years—was
the most recent age group to be reliably determined.
Table 4 compares the dental and chronological ages of
boys using Demirjian's method. With a 95% CI of 0.34
to 1.03 and a SE of 0.16 years, the sample's CA-DA
was.69+.18 years. It was determined that the difference
between DA (11.41£3.08) and CA (12.10£3.12) was
highly significant (p=0.000). The DA was often
underestimated, with the exception of those aged 4, 5,
and 7 years, which were inflated.

Table 1: Overall distribution of the chronological age for 1200 children assessed by panoramic radiographs.

Age group Mean SD SE Min Max  Median
in Years (Yrs)  (Yrs) (Yrs) (Yrs) (Yrs) (Yrs)
3-3.99 1 3.80 - 3.80 3.80 3.80
4-4.99 3 4.40 0.17 0.10 4.20 4.50 4.50
5-5.99 39 5.45 0.27 0.04 5.00 5.90 5.50
6-6.99 53 6.44 0.31 0.04 6.00 6.90 6.50
7-7.99 64 7.42 0.35 0.04 7.00 7.90 7.35
8-8.99 91 8.39 0.30 0.03 8.00 8.90 8.40
9-9.99 120 9.42 0.32 0.03 9.00 9.90 9.40
10-10.99 131 10.35 0.30 0.03 10.00 10.90 10.30
11-11.99 157 11.34 0.28 0.02 11.00 11.90 11.30
12-12.99 95 12.41 0.30 0.03 12.00 12.90 12.40
13-13.99 122 13.40 0.30 0.03 13.00 13.90 13.40
14-14.99 77 14.36 0.33 0.04 14.00 14.90 14.30
15-15.99 93 15.45 0.31 0.03 15.00 15.90 15.50
16-16.99 84 16.33 0.29 0.03 16.00 16.90 16.30

17 70 17.27 0.32 0.04 17.00 17.90 17.11
Total 1200 11.68 3.24 0.09 3.80 17.90 11.50

Table 2: Distribution of the chronological age between boys and girls.

Boys Girls
Age n Mean SD SE Median Range n Mean SD SE Median Range
group (Yrs) (Yrs) (Yrs) (Yrs.) (Yrs) (Yrs) (Yrs) (Yrs)
Years
3-3.99 1 3.80 - 3.80 0.00
4-4.99 2 4.35 0.21 0.15 4.35 0.30 1 4.50 - 4.50 0.00
5-5.99 6 5.47 0.31 0.13 5.50 0.80 33 5.45 0.26 0.05 5.50 0.90
6-6.99 12 6.39 0.36 0.10 6.40 0.80 41 6.46 0.30 0.05 6.50 0.90
7-7.99 26 7.34 0.35 0.07 7.20 0.90 38 7.47 0.35 0.06 7.50 0.90
8-8.99 53 8.48 0.26 0.04 8.50 0.90 38 8.27 0.30 0.05 8.15 0.90
9-9.99 68 9.38 0.32 0.04 9.30 0.90 52 9.47 0.32 0.04 9.40 0.90
10-10.99 74 10.32 0.30 0.03 10.30 0.90 57 10.40 0.29 0.04 10.40 0.90
11-11.99 70 11.40 0.31 0.04 11.40 0.90 87 11.30 0.25 0.03 11.30 0.90
12-12.99 53 12.41 0.28 0.04 12.50 0.90 42 12.41 0.32 0.05 12.35 0.90
13-13.99 56 13.44 0.29 0.04 13.50 0.90 66 13.37 0.31 0.04 13.40 0.90
14-14.99 42 14.42 0.35 0.05 14.35 0.90 35 14.29 0.28 0.05 14.20 0.90
15-15.99 54 15.48 0.29 0.04 15.50 0.90 39 15.41 0.33 0.05 15.40 0.90
16-16.99 46 16.33 0.29 0.04 16.30 0.90 38 16.34 0.29 0.05 16.25 0.90
17 46 17.31 0.35 0.05 17.20 1.00 24 17.20 0.25 0.05 17.10 0.70
Total 608 12.10 3.12 0.13 11.90 13.80 592 11.25 3.31 0.14 11.20 13.90
ISSN: 2456-8058 16 CODEN (USA): UJPRA3
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Table 3: Overall mean age difference between chronological and dental age by Demirjian's method.

. Mean 95% confidence
w1t T mmaleen gy R
Bound Bound
3-3.99 1 3.80 4.20 -0.40 0 0 0 0 - -
4-4.99 3 4.40 6.20 -1.80 -5.17 157 121 1.07 -1.483- 0.212
5-5.99 39 5.45 5.83 -0.38 -0.66 -0.09 0.14 0.14 -2.685- 0.010*
6-6.99 53 6.44 6.26 0.18 -0.13 0.50 0.16 0.15 1.161 0.250
7-7.99 64 7.42 7.47 -0.05 -0.20 0.11 0.08 0.08 -616- 0.539
8-8.99 91 8.39 7.98 0.42 0.21 0.62 0.10 0.09 3.979 0.000*
9-9.99 120 9.42 8.64 0.78 0.59 0.96 0.09 0.09 8.376 0.000*
10-10.99 131 10.35 9.54 0.81 0.60 1.03 0.11 0.11 7.462 0.000*
11-11.99 157 11.34 10.53 0.81 0.54 1.08 0.14 0.13 5.962 0.000*
12-12.99 95 1241 11.38 1.04 0.75 1.33 0.15 0.15 7.101 0.000*
13-13.99 122 13.40 12.68 0.72 0.43 1.00 0.14 0.14 4.967 0.000*
14-14.99 77 14.36 13.87 0.49 0.13 0.85 0.18 0.18 2.723 0.008*
15-15.99 93 15.45 14.81 0.63 0.40 0.87 0.12 0.12 5.322 0.000*
16-16.99 84 16.33 15.54 0.79 0.60 0.97 0.09 0.09 5.059 0.000*
17 70 17.27 15.72 155 1.39 172 0.08 0.08 18.363 0.000*
Total 1200 11.68 11.01 0.67 0.42 0.93 0.13 0.13 5112 0.000*
Table 4: Comparison between chronological and dental age by Demirjian's method in boys.
Mean % Confiden -
9:;?; in (Yeras} EhrAD I%iel?v(;lofordl\e/le;en (3135) (\S(Es) ttest F](:\ZII\I/JSe
ears CA DA Lower Upper DA
Bound Bound
3-3.99 - - - - - - - -
4-4.99 4.35 6.45 -2.10 -27.57 23.37 2.06 1.51 -1.022 0.492
5-5.99 5.47 6.02 -0.55 -1.71 0.61 0.47 0.44 -1.169- 0.288
6-6.99 12 6.39 6.28 0.11 -0.66 0.88 0.36 0.34 0.305 0.766
7-7.99 26 7.34 7.60 -0.26 -0.46 -0.07 0.10 0.09 -2.713 0.009*
8-8.99 53 8.49 8.07 0.42 0.16 0.68 0.13 0.12 3.272 0.002*
9-9.99 68 9.38 8.63 0.75 0.51 0.98 0.12 0.11 6.332 0.000*
10-10.99 74 10.32 9.58 0.74 0.44 1.04 0.15 0.15 4.883 0.000*
11-11.99 70 1140 10.75 0.65 0.21 1.08 0.22 0.21 2.926 0.005*
12-12.99 53 1241 11.66 0.75 0.32 1.19 0.22 0.21 3.490 0.001*
13-13.99 56 1344 12.78 0.66 0.25 1.07 021 020 3220  0.002*
14-14.99 42 1442 13.92 0.50 0.03 0.97 022 023 2141  0.038*
15-15.99 54 1548 14.74 0.74 0.45 1.02 014  0.15 5.124  0.000*
16-16.99 46  16.33  15.37 0.96 0.66 1.25 015 014 6544  0.000*
17 46 17.31  15.67 1.64 141 1.88 0.12 0.11 14.203 0.000*
Total 608 12.10 1141 0.69 0.34 1.03 0.18 0.16 3.856 0.000

With a mean age discrepancy of less than a month
(0.11 years), the age group 6-6.99 had the most
accurate age estimation. With a mean age difference of
1.64 years, age group 17 was the most recent to be
reliably calculated. Table 5 compares the dental and
chronological ages of girls using Demirjian's method.
The sample's CA-DA was 66+0.19 years, 95% CI
0.28-1.04, with a standard error of 0.17 years. It was
determined that the difference between DA
(10.59+3.29) and CA (11.25+3.31) was highly
significant (p=0.001). The DA was often under-
estimated, with the exception of age groups 3, 4, and 5,
which were overestimated. With a mean age
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discrepancy of less than a month, or 0.09 years, the age
group 7-7.99 had the most accurate age estimation. The
most recent properly calculated ages were those in the
12-12.99 and 17— age groups, with mean age
differences of 1.40 and 1.38 years, respectively. Using
Cameriere's Method, Table 6 compares dental and
chronological age. With a 95% CI of 0.68 to 1.17 and a
SE of 0.12 years, the sample's overall mean age
difference (CA-DA) was.93+0.13 years. There was a
highly significant difference between CA (11.68+3.24
years) and DA (10.75%+2.93). The DA was often
underestimated, with the exception of children aged 3,
4,5, and 7 years, who were overestimated.
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Table 5: Comparison between chronological and dental age by Demirjian's method in girls.
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Ade arou n Mean CA-DA 95% confidence sD SE val
\ge group (Yrs) interval for mean t-test p-value
in years (Yrs) (Yrs) CAvs DA

CA DA Lower Upper
Bound Bound
3-3.99 1 3.80 4.20 -0.40 - - - - -
4-4.99 1 4.50 5.70 -1.20 - - - - -
5-5.99 33 5.45 5.80 -0.35 -0.64 -0.05 0.15 0.14 -2.3717- 0.022*
6-6.99 41 6.46 6.25 0.21 -0.16 0.57 0.18 0.17 1.152 0.255
7-7.99 38 7.47 7.38 0.09 -0.13 0.32 0.11 0.11 0.865 0.390
8-8.99 38 8.27 7.86 0.41 0.06 0.76 0.17 0.17 2.375 0.022*
9-9.99 52 9.47 8.66 0.81 0.51 111 0.15 0.14 5.457 0.000*
10-10.99 57 10.40 9.50 0.90 0.59 1.22 0.16 5.824 0.000*
11-11.99 87 11.30 10.36 0.94 0.61 1.28 0.17 0.16 5.608 0.000*
12-12.99 42 12.42 11.02 1.40 1.04 1.74 0.17 0.16 8.017 0.000*
13-13.99 66 13.38 12.60 0.78 0.36 1.17 0.20 0.20 3.767 0.000*
14-14.99 35 14.28 13.80 0.48 -0.09 1.07 0.28 0.29 1.696 0.099
15-15.99 39 15.41 14.91 0.50 0.08 0.90 0.20 0.20 2.421 0.020*
16-16.99 38 16.34 15.75 0.59 0.38 0.78 0.01 0.09 5.936 0.000*
17 24 17.21 15.83 1.38 1.16 1.59 0.11 0.10 13.023 0.000*
Total 592 11.25 10.59 0.66 0.28 1.04 0.19 0.17 3.444 0.001*
Table 6: Comparison between chronological and dental age by Cameriere's method.
Age group n Mean 95% Confidence SD SE _value
in years (Yrs) CA-DA Interval for Mean (Yrs) (Yrs) t-test CA vs DA
CA DA Lower Upper
Bound Bound
3-3.99 1 3.80 6.20 -2.40 0 0 0 0 - -
4-4.99 4.40 6.98 -2.58 -8.25 3.12 1.34 1.18 -1.921- 0.193
5-5.99 39 5.45 5.87 -0.42 -0.72 -0.11 0.15 0.16 -2.725- 0.009*
6-6.99 53 6.44 6.35 0.09 -0.19 0.37 0.14 0.14 0.655 0.515
7-7.99 64 7.42 7.49 -0.07 -0.29 0.15 0.11 0.11 -0.626- 0.533
8-8.99 91 8.40 8.07 0.33 0.09 0.55 0.11 0.11 2.842 0.005*
9-9.99 120 9.42 8.76 0.66 0.46 0.86 0.09 0.10 6.662 0.000*
10-10.99 131 10.35 9.66 0.69 0.52 0.88 0.09 0.09 7.831 0.000*
11-11.99 157 11.34 10.14 1.2 1.04 1.37 0.08 0.08 14.425 0.000*
12-12.99 95 12.41 10.90 1.51 1.29 1.74 0.11 0.11 13.189 0.000*
13-13.99 122 13.40 12.02 1.38 1.10 1.66 0.14 0.13 9.778 0.000*
14-14.99 77 14.36 13.53 0.83 0.42 1.23 0.20 0.19 4.096 0.000*
15-15.99 93 15.45 14.45 1 0.77 1.23 0.12 0.12 8.589 0.000*
16-16.99 84 16.33 15.01 1.32 1.18 1.47 0.08 0.07 17.913 0.000
17 70 17 97 14 87 24 217 2 A3 012 0 20 4A81 0 000*
Total 1200 11.68 10.75 0.93 0.68 1.17 0.13 0.12 7.352 0.000*

The age groups 7-7.99 and 6-6.99 had the most
accurate estimates, with mean age differences of less
than a month (-0.07 years) and 0.09 years, respectively.
With a mean age difference of 2.4 years, age group 17
was the most recent to be reliably calculated. A
comparison of dental and chronological age is
presented in Table 7 in boys, by Cameriere's method.
The sample's CA-DA was 0.94+0.18 years, 95% CI
60-1.27, with a standard error of 0.17 years. It was
determined that there was a highly significant
difference between CA (12.10+3.12) and DA
(11.16+2.82) (t-test=5.504, p=0.000). The DA was
often underestimated, with the exception of those aged
4, 5, and 7, who were inflated. With a mean age
discrepancy of less than a month (0.06), the age group
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6-6.99 had the most accurate age estimation with a
mean age difference of 2.60 years, age group 17 was
the most recent to be reliably calculated.

Table 8 presents a comparison between dental and
chronological age in girls, by the Cameriere's method.
The sample's CA-DA was 0.92+0.18 years, 95% CI:
56-1.28, with a standard error of 0.17 years. There was
a highly significant difference between CA
(11.25+3.31) and DA (10.33+2.98). The DA was often
underestimated, with the exception of children aged 3,
4, 5, and 7, who were overestimated. Age group 7-7.99
had the most accurate age estimate; with a mean age
discrepancy of less than a month (0.01) years. The
most recent age group to be reliably approximated was
17 years old, with a mean age difference of 2.02 years.
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Table 7: Comparison between chronological and dental age by Cameriere’'s method in boys.

Mean % Confiden -
gr'c?\ug s in (Yers} %’2 IiiervalofordMe(;en (\S(E)s) (\S(ES) t-test pc\fl\tjse
years CA DA Lower Upper DA

Bound Bound
3-3.99 - - - - - - - - -
4-4.99 435 745 310 -29.86 23.67 216 158 -1.438  0.385
5-5.99 547 643  -0.96 -1.97 0.03 045 042 -2.157  0.056
6-6.99 12 639 633  0.06 -0.55 0.69 030 029 0222 0.826
7-7.99 26 734 751  -0.17 -0.48 0.15 016 015 -1.066  0.201
8-8.99 53 849 821 0.8 -0.02 0.57 015 013 1.834  0.069
9-9.99 68 9.38 879 059 0.33 0.84 013 013  4.493 0.000**
10-10.99 74 1032 972  0.60 0.35 0.83 012 013 4924 0.000**
11-11.99 70 1140 1020  1.20 0.89 1.49 015 016  7.923  0.000**
12-12.99 53 1241 1111  1.30 0.94 1.66 018 013  7.176  0.000**
13-13.99 56  13.44 1227 117 0.74 1.60 022 021 5406 0.001**
14-14.99 42 1442 1369 0.73 0.16 1.29 028 028 2603 0.013*
15-15.99 54 1548 1445  1.03 0.73 1.32 015 014  6.938  0.000**
16-16.99 46 1633 1494 139 121 157 010 009 1527 0.000**
17 46  17.31 1471  2.60 2.29 2.91 016 015 16.69  0.000**
Total 608 1210 11.16  0.94 0.60 1.27 018 017 5504 0.000**

Table 8: Comparison between chronological and dental age by Cameriere's method in girls.

o -
wopin () CAPA nalorwen D SE v puale
years CA DA Lower Upper DA
Bound Bound
3-3.99 3.80 6.20 -2.40 - - - - - -
4-4.99 4.50 6.00 -1.50 - - - - - -
5-5.99 33 5.45 5.76 -0.31 -0.63 0.004 0.15 0.16 -2.001 0.053
6-6.99 41 6.46 6.36 0.10 -0.22 0.41 0.16 0.15 0.619 0.539
7-7.99 38 7.47 7.48 -0.01 -0.31 0.30 0.15 -0.017 0.986
8-8.99 38 8.27 7.88 0.39 0.05 0.73 0.17 0.15 2.306 0.026
9-9.99 52 9.47 8.71 0.76 0.45 1.07 0.15 0.14 4.937 0.000**
10-10.99 57 10.40 9.57 0.83 0.57 1.10 0.13 0.12 6.306 0.000**
11-11.99 87 11.30  10.08 1.22 1.04 1.40 0.09 0.10 13.476 0.000**
12-12.99 42 1241  10.64 1.77 1.55 2.00 0.11 0.13 15.897 0.000**
13-13.99 66 1336 11.80 1.56 1.20 1.93 0.18 0.15 8.526 0.000**
14-14.99 35 1429 13.34 0.95 0.35 1.53 0.29 0.21 3.244 0.003**
15-15.99 39 1541 1444 0.97 0.58 1.35 0.19 0.16 5.086 0.000**
16-16.99 38 16.33  15.09 1.24 1.00 1.48 0.12 0.10 10.310 0.000**
17 24 17.21 15.19 2.02 1.71 2.32 0.15 0.17 13.407 0.000**
Total 592 11.25 10.33 0.92 0.56 1.28 0.18 0.17 5.001 0.000**

The overall mean age difference between the London
Atlas and chronological is displayed in Table 9. The
sample's total mean age difference (CA-DA)
was.5+0.13 years, with a 95% confidence interval (CI)
of 0.23 t0 0.75 and a standard error (SE) of 0.13 years.
There was a highly significant difference between CA
(11.68+3.24 years) and DA (11.18+3.25) (t (1200)=
3.731, p=0.000). The DA was often underestimated,
with the exception of children aged three to five, who
were overestimated. With a mean age discrepancy of
less than a month (-0.08 years), age group 55.99 had
the most accurate age estimation. The most recent age
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group to be accurately assessed was 13-13.99, with a
mean age difference of 0.88 years.

Table 10 compares the dental and chronological ages
of boys using the London Atlas Method. The sample's
CA-DA was 0.42+0.18 years, 95% CI1.07-0.77, with a
standard error of 0.17 years. There was a highly
significant difference between CA (12.10+3.12) and
DA (11.68+3.25). The DA was often underestimated,
with the exception of children aged 4 and 5, who were
overestimated. With a mean age discrepancy of less
than a month (0.06), the age group 6-6.99 had the most
accurate age estimation.
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Table 9: Overall mean age difference between chronological by London Atlas.

Agegroup g ntorval for Mean SO SE i povalue
in years A oA CA- DA Lower Upper (Yrs) (Yrs) CAvs DA
Bound Bound
3-3.99 1 3.80 4.50 -0.70 - - 0 0 - -
4-4.99 3 4.40 6.50 -2.10 -8.63 4.43 1.53 1.32 -1.372 0.303*
5-5.99 39 5.45 5.53 -0.08 -0.33 0.19 0.13 0.13 -0.545 0.587
6-6.99 53 6.44 6.20 0.24 0.01 0.49 0.12 0.11 2.067 0.043*
7-7.99 64 7.42 7.26 0.16 -0.02 0.33 0.09 0.08 1.795 0.076
8-8.99 91 8.40 8.08 0.32 0.13 0.49 0.09 0.08 3.460 0.001*
9-9.99 120 9.42 9.02 0.40 0.24 0.56 0.08 0.08 4.823 0.000*
10-10.99 131 10.35 9.89 0.46 0.28 0.65 0.09 0.10 4.847 0.000*
11-11.99 157 11.34 10.80 0.54 0.36 0.73 0.09 0.10 5.785 0.000*
12-12.99 95 12.41 11.69 0.72 0.48 0.96 0.12 0.11 5.966 0.000*
13-13.99 122 13.40 12.52 0.88 0.65 1.11 0.11 0.12 7.600 0.000*
14-14.99 77 14.36 13.81 0.55 0.26 0.83 0.15 0.14 3.769 0.000*
15-15.99 93 15.45 14.94 0.51 0.30 0.72 0.11 0.10 4.785 0.000*
16-16.99 84 16.33 15.80 0.53 0.34 0.73 0.09 0.10 5.483 0.000*
17 70 17.27 16.59 0.68 0.23 1.13 0.22 0.23 3.041 0.003*
Total 1200 11.68 11.18 0.50 0.23 0.75 0.13 0.13 3.731 0.000*
Table 10: Comparison between Chronological and dental age by London Atlas method in boys.
= e SE ottt puale
group in n CA-DA Lower Upper (Yrs)  (Yrs) CA vs DA
years = D Bound Bound
3-3.99 - - - - - - - - -
4-4.99 4.35 7.00 -2.65 -33.94 28.64 2.50 1.84 -1.058- 0.481
5-5.99 5.47 5.83 -0.36 -1.45 0.72 0.44 0.41 -0.832 0.438
6-6.99 12 6.39 6.33 0.06 -0.50 0.62 0.26 0.25 0.222 0.827
7-7.99 26 7.34 7.23 0.11 -0.14 0.36 0.12 0.12 0.893 0.377
8-8.99 53 8.49 8.31 0.18 -0.05 0.40 0.11 0.11 1.525 0.132
9-9.99 68 9.38 8.99 0.39 0.17 0.61 0.11 0.11 3.518 0.001**
10-10.99 74 10.32  10.10 0.22 -0.02 0.46 0.12 0.12 1.851 0.068
11-11.99 70 11.40 10.94 0.46 0.13 0.77 0.16 0.15 2.830 0.006**
12-12.99 53 1241 1212 0.29 -0.05 0.62 0.17 0.16 1.721 0.091
13-13.99 56 13.44 12.64 0.8 0.49 111 0.16 0.15 5.152 0.000**
14-14.99 42 1442 13.88 0.54 0.14 0.93 0.20 0.19 2.715 0.009**
15-15.99 54 1548 1491 0.57 0.30 0.84 0.13 0.14 4.239 0.000**
16-16.99 46 16.33  15.76 0.57 0.30 0.84 0.14 0.13 4.164 0.000**
17- 46 17.31  16.49 0.82 0.19 1.46 0.32 0.31 2.601 0.012*
Total 608 12.10 11.68 0.42 0.07 0.77 0.18 0.17 2.368 0.018*

The most recent age group to be reliably determined
was 4-4.99, with a mean age difference of -2.65 years;
nevertheless, this difference is not statistically
significant. Table 11 compares the dental and
chronological ages of girls using the London Atlas
Method. The sample's CA-DA was 0.57+.19 years,
95% CI: 19-0.95, with a standard error of 0.18 years.
There was a highly significant difference between CA
(11.25+3.31) and DA (10.68+3.31) (t-test)=2.949,
p=0.000). The DA was often underestimated, with the
exception of children aged 3, 4, and 5, who were
overestimated. Age group 7-7.99 had the most accurate
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age estimation, with a mean age difference of.19 years.
The most recent age group to be reliably approximated
was 12-129, with a mean age difference of 1.28 years.

DISCUSSION

In this study, the mean DA was estimated by the
Demirjian method to be 11+3.22 years with a standard
error of £0.09 years (Table 3). Consequently, compared
to French-Canadian children from the Demirjian study,
Yemeni children had an overall lower estimate of
dental development and dental age 9.
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Table 11: Comparison between chronological and dental age by London Atlas method in girls.

BTl n X(eri;] Iiiz/l(’)vglopcﬂdl\ilg(;en 2 s t-test oLl
in years A oA CA-DA Lower Upper (Yrs) (Yrs) CA vs DA
Bound Bound
3-3.99 1 3.80 450 -0.70 - - - - - -
4-4.99 1 4.50 5.50 -1.00 - - - - - -
5-5.99 33 5.45 5.47 -0.02 -0.29 0.25 0.13 0.13 -.135 0.893
6-6.99 41 6.46 6.16 0.30 0.03 0.56 0.13 0.13 2.245 0.029*
7-7.99 38 7.47 7.28 0.19 -0.05 0.43 0.12 0.11 1.561 0.124
8-8.99 38 8.27 7.76 0.51 0.25 0.75 0.13 0.12 3.955 0.000**
9-9.99 52 9.47 9.05 0.42 0.16 0.66 0.13 0.12 3.288 0.002**
10-10.99 57 10.40 9.62 0.78 0.48 1.07 0.15 0.14 5.227 0.000**
11-11.99 87 11.30 10.68 0.62 0.40 0.84 0.11 0.10 5.626 0.000**
12-12.99 42 12.42 11.14 1.28 0.99 154 0.14 0.13 9.348 0.000**
13-13.99 66 13.37 12.42 0.95 0.61 1.28 0.17 0.16 5.617 0.000**
14-14.99 35 14.29 13.73 0.56 0.12 0.99 0.21 0.21 2.597 0.013*
15-15.99 39 15.41 14.99 0.42 0.07 0.76 0.17 0.19 2.434 0.019*
16-16.99 38 16.34 15.84 0.50 0.21 0.78 0.14 0.14 3.526 0.001**
17 24 17.21 16.79 0.42 -0.10 0.93 0.25 0.26 1.653 0.111
Total 592 11.25 10.68 0.57 0.19 0.95 0.19 0.18 2.949 0.003**

In both sexes, the mean discrepancy between dental
age and chronological age was significant (p-value
<0.000%), with dental age being underestimated by an
average of 0.67+0.13 years (Table 3). Boys (Table 4)
and females (Table 5) had mean differences of 0.69
and 0.66 years, respectively. The sex-to-sex difference
was not statistically significant. To sum up, this study's
findings show that the Demirjian approach greatly
underestimated Yemeni people's ages. The study's
findings indicated that the age groups 7-7.99 and 6-
6.99 had the least significant differences in CA-DA,
with p-values of 0.539 and 0.250 and 0.18 and -0.05,
respectively (Table 4). According to Cunha and
Heckman®?, this precision might result from the fact
that tooth development in this age range is heavily
influenced by genetics, making it less susceptible to
environmental factors. Additionally, there was no
statistically significant difference between the age
groups of 4-4.99 and 5-5.99. This outcome is
comparable to Higg and Matsson's®® study. The
lengthy creation timeframes for enamel and dentine’*
may be a contributing factor to the delayed growth of
the Yemeni population and other populations. The
process of enamel and dentine formation is an
extremely regulated process.

Only girls in age groups 5-5.99 had an overestimation
of dental age (-0.35+0.15 with p-value 0.022). Age
groups 7—7.99 showed overestimation of dental age in
males (-0.26+£0.10 with p-value 0.009). Dentition
growth spurts and the variations in growth spurts
between the sexes may be the subject of this*. Girls in
the 5.5-6.4 and 11.5-14.4 year groups in Ogodescu's
study had higher advanced dental ages'®. However, the
biggest CA-DA underestimate was 1.40 +0.17 in girls
aged 12-12.99 (except for those aged 17-17.9). This is
consistent with other authors who obtained an
underestimation of dental age of girls only in this age
group in Romania while the same study showed
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overestimated dental ages contrasting our result'. This
result might be a secular trend in dental development.
To compare the dental age of girls. This finding
contradicts the earlier maturation of other
developmental characteristics in girls. In terms of
skeletal age, height, and sexual maturation, girls show
an earlier maturation. A big sample size is required in
order to compare sexual dimorphism effectively. Age
groupl7-17.99 had the highest underestimation CA-
DA 1.55+0.08, and it has a statically high significant p-
value 0.000. This may be because little numbers
children from this age group had been included in the
analysis, since most of them reached a dental score of
100, except 3 boys and 5 girls. In the present study, the
decline in DA as determined by Demirjian’s system
when compared to CA with mean different 0.67 years
(0.66 years in girls and 0.69 years in boys).

In another study conducted in Yemen by Al-Qadi and
Abu-Afan'’, the Demirjian method significantly
underestimated CA by 0.58+1.25 years in the total
sample and by 0.73+1.30 and 0.40+1.17 years in males
and females, respectively (p<0.001). Similar to Yemen,
underestimation of age is observed in Middle Eastern
countries where a study conducted on Kuwaiti children
showed that they had delayed tooth eruption (mean
difference in tooth maturity 0.69 years, SD=1.25 years,
Cl1=0.58-0.80). The mean delay for girls was 0.67 years
(standard deviation=1.30 years, confidence interval=
0.51-0.83) and for boys the mean delay was 0.71 years
(standard deviation=1.18 years, confidence interval=
0.56-0.86)".

Dental age under estimation also observed in Saudi
Arabia’®, in Sudanese children®, in Turkish children?,
and in Venezuela?®®. The discrepancies between
dental maturity and chronologic age as determined by
the Dermijan technique that have been noted in
numerous researches may be the likely origins of these
variations. Additionally, because the sample structure

CODEN (USA): UJPRA3


http://www.ujpr.org/

Abdul-Majid et al.,

varies among various demographic groups in terms of
size, socioeconomic position, dietary habits, age, sex,
ethnicity, nationality, and/or nutrition of patients, the
statistical analysis method employed, and/or the
subjectivity of the examiner. Lastly, the fact that there
is a limit and that a single tooth can foretell a child's
later age is one of the disadvantages of the Demirjian
approach?’. Additionally, the dental maturity score was
calculated using correspondence analysis with endpoint
limitations and is the total of the weighted scores of the
41 distinct dental phases. Certain subjectively weighted
ratings, particularly at early ages, have zero weight,
according to an analysis of the dental stages' scores. G
of M1 weighs the most in males and girls, and it is 17
and 14, respectively’. A single stage may produce a
significant increase in dental age since fewer stages
contribute more towards the conclusion of dental
maturity.

Dental age estimation by Cameriere method: In our
study the mean DA was estimated to be 10.75+2.93
years with a standard error of £0.08 years (Table 6). In
general, Yemeni children underestimated dental
development and dental age when compared to Italian
children from the Cameri study where the mean
difference between chronological age and dental age
was 0.93+.13 years (p-value 0.000%) in both sexes
(Table 3), and the mean difference was 0.94+0.18 years
in boys (Table 7) and 0.92+0.18 years in girls (Table
8). The difference between sexes was not statistically
significant (t-test=-0.133, p=0.895) (Table 6). The
present study found that the European Cameri formula
significantly underestimated the age of Yemeni
individuals. Even though in the current study, there
was a general underestimation of the DA in almost all
age groups, while in age group 5-5.99 in both genders
was over estimation (Table 6). Also in a Brazilian
study, there was a slight tendency to overestimate the
ages of 5-10 years and underestimate the ages of 11—
15 years®. In addition, as in Yemen, underestimation
of age is almost noticed in Middle East countries, when
assessing our results with the results of studies
conducted in other countries. In European population:
under estimation of dental age was also noticed in
Germany, age was underestimated by Cameriere’s
method the mean different of boys by 0.56+1.04 years
and of girls by —0.3240.96%. Although under
estimation of dental age was increased in Brazil and
Croatia the mean age under estimation were 1.03 and
1.19 respectively?’, while under estimation of dental
age was decreased in Chinese children the mean
difference of around 0.23 year®. Un like this study,
studies in which dental age was more advanced than
the chronological age in 0.803+1.29 in boys and
0.587+1.31 in girls in Australia®. The differences
between dental maturity and chronologic age as
determined by Cameriere's method in various studies,
the sample structure's variability in terms of size,
socioeconomic status, dietary habits, patient age, sex,
ethnicity, nationality, and/or nutrition, the statistical
analysis method employed, and/or the examiner's
subjectivity, which differ among various population
groups, are likely the causes of these variations. New
scores and grading standards must be established for
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each group in light of ethnic diversity. Obtained results
contribute to know the effect of race in the dental
growth. In this study, it appear that completion of
apical closer of all teeth is a factor that contribute to
decline in overall accuracy of this method in older
individuals thus the upper limit for application this
method is 15-15.99. Because all children in age groups
16-16.99 and 17-17.99 had maximum dental age
calculated (Table 6).

Estimation of dental age by London Atlas: The
present study also assessed the London Atlas dental
chart as a method for estimating age. The mean
difference between chronological age and dental age
was 0.50+.13 years in both genders Table 9, 0.42+0.18
years in boys table 10, and 0.57+0.18 years in girls
table 11. The differences in accuracy was not
significant based on sex Table 3.4.6 (t-test=-0.018,
p=0.986). Our results indicate that the Yamani children
are, in general, underestimation in dental development
(dental age) when compared to London atlas.

In the current analysis, age groups 5-5.99, 6-6.99, 7-
7.99, 8-8.99, 10-10.99 and 12-12.99 chronological age
and dental age were similar and the difference is not
statically significant (less than three months).While the
difference between chronological age and dental age in
remaining age groups were statically significant, but
the different was less than 6 months (except age groups
13-13.99, 17). There was a general underestimation of
the DA. The most accurately estimated age groups 5-
5.99, and 7-7.99 age groups were not significant
differences between chronological age and dental age.
The reason for this accuracy could be due to the
maturation of dentition is under greater genetic control
and therefore, less susceptible or exposure to
environmental influences in those early age groups®.
That indicate Yemeni population has its specific
variation and need to create specific growth chart.

In girls Table 11; there was a general underestimation
of the DA except in the age 3, 4, and 5 years old which
were overestimated. The most accurately estimated age
was for age group 7-7.99 which had a mean age
difference that was 0.19 years while age group 12-
12.99 was the latest accurately estimated age which
had a mean age difference that was 1.28 years. We
compared our results with the results of studies
conducted in other countries. Similar to this study, a
study in a sample of Saudi children by The London
Atlas the mean difference between the Chronological
Age (CA) and Dental Age (DA) was underestimated
(0.59 years) with a standard deviation of 1.45 years®.
Also in lIranian study, the London Atlas was under
estimating 0.16 year®. Other in Hispanic children the
mean difference between chronological and estimated
ages for males was 0.30 years for males was 0.30 and
for females was 0.40 years, but the difference between
sexes was not significant (p=0.324)%.

Nevertheless, overestimation was noticed in two
different studies conducted in Portugal. In the
Portuguese population significant difference between
chronological and estimated age was overestimation of
age by one month approximately. However, the
significant difference was observed in a sample coming
from males 3 months not observed in the females®*, but
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in the another study on the same  population
overestimation was 0.1 years and 1 month®*. The
discrepancies between dental maturity and chronologic
age as determined by the London Atlas method that
have been noted in numerous researches may be the
likely origins of these variations. In addition, the
statistical analysis method and/or the examiner's
subjectivity fluctuate among various population
groups, as does the sample structure's diversity with
respect to size, socioeconomic status, eating habits,
age, sex, ethnicity, nationality, and/or nutrition of
patients®®. New scores and grading standards must be
established for each group in light of ethnic diversity.
Our findings help us understand how race affects
dental growth.

Limitations of the study

Our study's findings indicate that these criteria are only
relevant for specific age groups and that all three
approaches have certain drawbacks in the Yemeni
community. Even though the assessed approach has
demonstrated suitability for forensic age estimation, it
must be modified for the population under study. More
studies with a bigger sample size are required. The
systematic errors inherent in each method, intra- and
inter-observer variability, and study population factors
like ethnicity, socioeconomic status, and pathological
changes are the main causes of the fact that no method
is 100% accurate in estimating dental age. Depending
on the method used, these factors can result in cases of
overestimation or underestimation.

CONCLUSIONS

The study reveals that Demirjian's method has
limitations in estimating the dental age of Yemeni
children, causing significant differences between dental
and chronological age, delayed growth, and no
significant age differences for boys and girls.
Cameriere's method also has limitations, and the
London atlas method is recommended for Yemeni
children's age estimation.
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