Original Article
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Abstract
Objective: This study evaluated bone age using the Greulich & Pyle method (1959) and
pubertal growth according to the study conducted by Martins (1979). Methods: Hand and
wrist radiographs of 201 children (103 boys) aged 9 to 12 years living in the state of Amazonas (Brazil) were analyzed. A chi-square test was used for statistical analysis at a level of
significance of 5% (p<0.05). Results and Conclusions: Girls were at more advanced stages
in all phases of skeletal growth than boys for the ages under study; 50% of the girls had
reached pubertal growth peak, whereas only 11.6% of the boys were in the same stage. The
beginning and the peak of the pubertal growth spurt occurred earlier among girls (10.1 ±
0.7 and 11.1 ± 0.8 years) than among boys (11.4 ± 0.7 and 12.3 ± 0.4 years). Early maturation was more frequent among girls than among boys (41.8% vs. 5.8%), and late maturation
was more prevalent among boys (38.8% vs. 11.2%). Mean bone age in the group of boys was
10.4 ± 1.7 years, and in the group of girls, 11.7 ± 1.8 years.
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introduction
Two thirds of orthodontic patients have malocclusion in which growth and development play
an important role in the success or failure of treatment and directly affect the decisions about the
use of extraoral mechanics, functional appliances,
extractions or even orthognathic surgeries. Orthodontists should understand the events associated
with growth because maturation stages have a
decisive role in diagnosis, planning and length of
treatment, as well as in the prognosis of malocclusion. Orthodontists should understand the events
associated with growth because maturation stages
have a decisive role in diagnosis, planning and
length of the treatment, as well as in the prognosis
of malocclusion.13 Therefore, individual patterns
of growth for each patient are fundamental factors in the success of orthodontic treatment.
Age may be defined in several ways: bone age,
morphological age, age at development of secondary sexual characteristics, age at menarche
and dental age. These parameters have all been
described as means to define physiological age.18
The time when a patient will reach puberty and
even when the pubertal growth spurt (PGS) will
occur may be estimated. However, these different
types of age have a low correlation, and there are
individual variations according to sex, ethnicity,
geographic location, genetic factors, climate, nutrition and socioeconomic status. Because of that,
the determination of specific chronological ages
as the beginning of puberty in male and female
patients is no longer used.2,11,18
PGS occurs in adolescence, usually between
10 years and 6 months and 15 years of age in
the Brazilian population, and girls reach it at an
earlier age. This phase of height and craniofacial
growth occurs at the same time as the physical
phenomena that follow maturation of the sexual
system and the beginning of reproductive life. The
estimated age at which they occur is variable and
several individuals reach specific stages of skeletal
maturation at different chronological ages.11,12,13
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The most common methods to measure bone
age using hand and wrist radiographs are the ones
described by Greulich and Pyle7 (1959) and Tanner-Whitehouse22 (TW2) (1983), which are based
on the recognition of maturity indicators that are
characterized by changes in the radiographic appearance of the epiphysis of long bones from the
early mineralization stages to their fusion with the
diaphysis.6
Several intrinsic and extrinsic factors are
known to directly affect an individual’s growth
pattern. Brazil is a very large country and has
regional population differences; therefore, specific studies should be conducted about nutrition,
weight, height, and skeletal development patterns.
The characteristics of each region should be taken
into consideration to establish regional standards
for the use of hand and wrist radiographs, to evaluate the growth of that population, and, thus, significantly contribute to the practice of high quality orthodontics. This study evaluated chronological age at the beginning and at the peak of PGS for
both sexes and correlated findings with bone age
in individuals born in the city of Manaus in the
state of Amazonas, Brazil.
Several authors conducted studies using hand
and wrist radiographs to determine bone age and
PGS beginning and peak. Pubertal growth spurt
occurred at 11 to 12 years in their samples, and
PGS peak was exactly at 12 years of age.4 A study
with Swedish children found that PGS occurred
at 10 to 12 years and was completed at 14.8
among girls and 17.1 among boys. Height velocity
peaked two years after the beginning of PGS in
both sexes (12 years for girls and 14.1 for boys).9
In general, ossification of the ulnar sesamoid may
be used as an indicator of PGS beginning, which occurs between 10 and 11 years in girls and 11 and 12
years in boys. Other authors found similar chronological ages for PGS beginning and peak.8,10,17 However, another study found that mean age at height
velocity peak for boys was 14 years, and there was
a 2 year range of variation, whereas the mean peak
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Education Department, 127,133 children in this
age group were enrolled in school in 2006. An informed consent term was signed by the parents. A
special form was used to collect data about medical history, which included place of birth, possible
absence of one or more permanent teeth, malocclusion, systemic diseases, nutritional deficiencies,
chronic infectious diseases and no previous orthodontic treatments. After data about clinical history were recorded, the children were taken to a
radiology center for hand and wrist radiographs.
This study was previously approved by the Ethics
and Research Committee of the institution where
it was conducted under no. 05/093 and in agreement with Resolution no. 196/1996 of the Brazilian National Health Council, Ministry of Health,
on April 20, 2006.
Hand and wrist radiographs were acquired
using 18 x 24 Kodak T-Mat G/RA film (Atlanta, GA, USA) usable for at least 6 months
according to expiration date and an Orthoralix 9200 Plus unit (X Gendex, Dentsply, York,
PA, USA) calibrated to operate at 06 mA, 60
KVp and exposure time of 0.16 seconds. The
focus-to-film distance was 76 cm. Patients were
protected with a lead apron. The radiographs
were acquired with the participant’s open left
hand centered on the film to include the carpal,
metacarpal and phalangeal regions.
After acquisition, the radiographs were processed in a dark room using an automatic development method and an AT 2000 XR processor
(Air Techniques, New York, NY, USA) according to film manufacturer’s recommendations.
After fixing and drying, the radiographs were
analyzed in a dimly-lit room using an X-ray box,
a 0.5 mm lead pencil, a soft eraser and a form
for data recording. Hand and wrist radiographs
were analyzed visually and each one was compared with the radiographic standards in the
Greulich and Pyle7 atlas (Fig 1), a widely used
method because the atlas is easy to use and the
structures are easy to identify and interpret.20�

velocity age for girls was 2 years earlier than for boys
and ranged from 10 to 14 years.
Data about bone age and PGS are not available for the population in the Northern region
of Brazil, particularly in the state of Amazonas.
This epidemiological study analyzed hand and
wrist radiographs to determine bone age using
the Greulich and Pyle radiographic atlas7 and
to determine, according to the study conducted
by Martins,12 the standard height velocity curve
and hand and wrist bone ossification stages.
MATERIAL AND METHODS
Sample size
For a total of 127,133 children enrolled in
public schools, a sample size of 132 individuals was calculated for a 95% confidence interval
and a 5% error. Therefore, data about 132 children were included in the study.
Sample size and method error
The following equation was used to calculate sample size:

n= ∂2.p.q.N
e2.(N-1)+ ∂2.p.q

Key:
N = universe
n = calculated sample
∂ = confidence level
e = sample size error
p.q = percentage which
phenomena occurs

Where, from a total of 127,133 children enrolled in the public schools in Manaus, a city in
the Brazilian state of Amazonas, a sample of 132
individuals was defined for 90%, 95% and 99%
confidence intervals and 5.8%, 7.0% and 9.1%
errors using the interobserver error method.
A sample of 132 Brazilian boys and girls aged
9, 10, 11 and 12 years, born in Manaus, whose
parents and grandparents were born in Amazonas,
and who studied in municipal public schools were
included in the study and separated into groups
according to sex and age. According to the Manaus
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age and sex. Linear regression analysis was used
to evaluate the correlation between variables. The
level of significance was set at 5% (p<0.05).
RESuLtS
The results are shown in Tables 1, 2 and 3, and
Figures 2, 3 and 4.

TABLE 1 - Distribution of PGS frequency according to sex.
Boys

PGS

FIGURE 1 - Comparison of hand and wrist radiograph of 10-year-old girl
and the corresponding standard in the Greulich & Pyle atlas7.

To calculate bone age, first the hand and wrist
radiograph was compared with the standard for
the same sex and closest chronological age in the
atlas. After that, for confirmation, the radiograph
was compared with standards for individuals
immediately younger and older than the initial
standard. When the most similar standard was
found, bone age was recorded in a specific form.
To check maturation stages of the hand and wrist
bones, a corresponding mark was made in the
standard height velocity curve to determine the
time of PGS, as suggested by Martins.12
All radiographs were examined by the same
observer. To evaluate intraobserver error, a pilot
study was conducted using the whole sample
to determine bone age and the standard height
velocity curve. After that, the radiographs were
examined again in 10 days to evaluate the degree of reliability using a form specifically developed for this study, and no statistically significant intraobserver error was found (p<0.05).14

Total

N

%

N

%

N

%

Not
yet

31

43.7

4

6.1

51

25.4

Beginning

32

44.7

12

19.4

65

32.3

Peak

8

11.6

30

50.0

61

30.4

Completed

-

-

15

24.5

24

11.9

Total

71

100

61

100

132

100

Chi-Squared test χ =87.411 (p<0.001).
2

Pubertal Growth Spurt
14
12

% patients

10
8
6
4
2
0

-

FD FP FM G1 Psi R FD S
= = =
= cap

G2 FD FM R FP FD FM FD FP FM
cap cap cap ui ui ui ut ut ut

FIGURE 2 - Epiphyseal stages.
TABLE 2 - PGS phases according to chronological age and sex.

Statistical analysis
A chi-square test was used to compare statistically significant differences between groups and
the associations between chronological age, bone
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PGS

Sex

Mean

SD

Min.

Median

Max.

Not yet

M

10.1

0.7

9

10.1

11.4

Beginning

M

11.4

0.7

9.9

11.3

12.9

Peak

M

12.3

0.4

11.4

12.3

12.9

Completed

M

-

-

-

-

-

Not yet

F

9.6

0.6

9.0

9.7

10.4

Beginning

F

10.1

0.7

9.0

10.1

11.6

Peak

F

11.1

0.8

9.4

11.0

12.8

Completed

F

11.7

0.8

10.4

12.0

12.9
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FIGURE 3 - Types of maturation according to sex.

FIGURE 4 - Dispersion plot: chronological age and bone age according
to sex.

study for a group of children living in the state
of Amazonas, Brazil, confirm data previously reported for Swedish11 and Brazilian children from
different regions.12 Similar results have also been
reported in other studies.6,8,9
Figure 2 shows the number of children at each
epiphyseal stage regardless of age or sex. One
child (0.5%) had not reached the first epiphyseal stage, and no children had completed growth,
which was determined as the full fusion of radius
epiphysis and diaphysis (Rut). Also, the most frequent stages for the age groups under study were
FD= (11.9%), which described children not yet
in the PGS; R= (11.4%), of children in the beginning of PGS; and Rcap (10.0%), of children at
PGS peak.
Table 2 shows that mean age for boys at the
beginning of PGS was 11.4 years, and at peak
PGS, 12.3 years (0.9 year after beginning of
PGS), and no boy had competed PGS. In the
group of girls, mean age at the beginning of PGS
was at 10.1 years and at peak PGS, 11.1 years,
which was one year after the beginning of PGS.
The age of 11.7 years marked the end of PGS
in the age groups under study. The comparison
of mean age at the beginning and peak of PGS
between sexes revealed that girls were younger
at the time of each of these events. The analysis of chronological age at the beginning of PGS
revealed that girls reached this phase 1.3 year

TABLE 3 - Statistical data on bone age according to chronological age
and sex.
Age
(years)

Sex

Mean

SD

Min.

Median

Max.

9

M

8.4

1.6

6

8.5

13

10

M

9.8

1.1

8

10

12.5

11

M

10.8

1.0

9

11

13

12

M

12.3

1.0

10

12.5

13.5

9

F

9.6

1.3

6.8

10

11

10

F

11.2

1.5

8.8

11

15

11

F

12.3

1.3

8.8

12

15

12

F

13.2

1.1

11

13.3

15

diSCuSSiOn
The analysis of absolute and relative number
of boys and girls at the different PGS stages revealed that girls were at a more advanced phase
than boys (Table 1). In the sample under study,
44.7% of the boys and 19.4% of the girls were at
the beginning of PGS, and about 50% of the girls
had reached PGS peak, whereas only 11.6% of the
boys were in the same phase. No boy had reached
the final phase of PGS, whereas 24 girls (24.5%)
were in this phase. The comparison between sexes
using a chi-square test revealed statistically significant results (p<0.001), which confirmed that girls
were at a more advanced pubertal growth stage
than boys (Table 1). The results found in this
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tively greater at all chronological ages, with differences ranging from 0.6 year at 9 to 1.3 year
at 11 years. At 9, mean bone age was 9.6 years;
at 10, 11.2 years; at 11, 12.3 years; and at 12,
13.2 years. The correlation of bone ages for each
chronological age between sexes revealed that
girls had bone ages greater than boys at each age
group under study: 1.2 year at 9; 1.4 at 10; 1.5
at 11; and 0.9 at 12.�

before boys, and PGS peak was 1.2 year earlier in girls than in boys. However, other studies
found that PGS beginning and peak were a mean
1 to 2 years later in their samples than in our
study.5,8,9,10,17,21
Figure 3 shows the comparison between the
type of maturation (early, intermediate or late)
and sex. There was a greater prevalence of intermediate maturation (differences between bone
and chronological age below 1 year) in both sexes
(boys = 55.3%; girls = 46.9%). Early maturation,
that is, bone age at least one year greater than
chronological age, was more frequent among girls
(41.8%) than boys (5.8%). Late maturation, or
chronological age at least one year greater than
bone age, had a greater incidence among boys
(38.8%) than girls (11.2%). These results confirm data reported in other studies, which found
that girls reach all the skeletal maturation phases
at an earlier age than boys (p<0.001).4,8
Figure 4 shows the regression line between
bone and chronological ages for the study participants and indicates a positive correlation between chronological and bone ages in the groups
of both boys and girls. Therefore, results showed
that bone age increases with chronological age.
Table 3 shows the statistical results of mean
bone age in each chronological age according to
sex. In the group of boys, bone age was greater
(12.3 years) only at the chronological age of 12
years, and was lower at 9 (8,4), 10 (9.8) and 11
(10.8) years of age. Girls had bone ages rela-
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CONCLUSION
Girls were at more advanced stages in the
different PGS phases than boys.
Chronological age at the beginning of PGS
among girls was 10.1 years, and at peak PGS,
11.1 year. Among boys, chronological ages at
the beginning and peak PGS were 11.4 and
12.3 years.
Children in the state of Amazonas had their
PGS beginning and peak one to two years earlier than children in other regions of Brazil.
Girls had significantly greater bone ages than
boys, and the mean difference was 1.3 year in
all age groups under study. Chronological and
bone ages were 10.9 and 10.4 for boys and 11
and 11.7 for girls.
Brazil is a very large country, and its population has different ethnic characteristics. Therefore, future studies, particularly those with longitudinal designs, should be conducted to define
in greater detail the bone age and the time of
pubertal growth in different populations.
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