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Abstract The aim of this study was to provide normative
data for the onset and tempo of puberty in healthy boys.
The analyses are based on data that were collected and
evaluated biannually on 1112 Turkish school children aged
from 8 to 18 years and a subsample of 30 boys who had
reached final height (FH). The data were analyzed cross-
sectionally in the total group and longitudinally in the
subsample. Mean age and height (Ht) at onset of puberty
were 11.6±1.2 years and 146.1±7.7 cm, respectively.
Peak height velocity (HtV) was 10.1±1.6 cm. Total
pubertal height gain was 26.4±4.3 cm. The duration of
puberty was 4.9±0.6 years. Height at onset of puberty
was positively correlated with FH (p< 0.0001) and with
duration of puberty (p=0.03). Body mass index at onset of
puberty correlated negatively with age at onset of puberty
(p<0.009) and with the duration of puberty (p=0.05) but
not with FH. In conclusion, these results provide normative
data for Ht and HtV for each testicular volume stage for
boys in puberty. Height at onset of puberty is the most
important determinant of FH. There is no secular trend for
the onset of puberty. Weight does seem to affect the onset
and tempo of puberty but not FH.
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Abbreviations
BMI body mass index
Ht height
HtV height velocity
FH final height
PGS pubertal growth spurt
PHG pubertal height gain
PHV peak height velocity
TV testicular volume

Introduction

The timing of the onset of puberty depends on genetic and
environmental factors. While there is ample evidence that the
onset of puberty is occurring at increasingly younger ages
[31], this finding is primarily based on studies of
menarcheal age or breast development of girls [18, 31],
and data on sexual maturation of boys analyzed together
with the growth pattern throughout puberty are scarce [1,
13, 21, 24] and open to discussion with respect to secular
trends [3, 11, 23, 30, 32, 41]. Some studies have reported
that there is no notable earlier maturation of boys [3, 11, 30,
32], while a positive secular change has been reported for
Swedish [23] and Hong Kong boys [41].

The objective of the present study was to provide
normative data for the onset and tempo of puberty in
Turkish boys, evaluate height velocity (HtV) at each
testicular volume (TV) stage and analyze the growth
parameters in puberty. We also compared the findings with
those of a previous study on children of a similar
background [27]. The analyses presented in this paper are
based on findings from a large study on the growth and
pubertal development of Turkish school children.
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Subjects and methods

Data on height growth and pubertal development were
collected between the years 1989 and 1999 by means of
biannual visits to six primary and secondary level schools
in Istanbul city. Children born in 1975 or in subsequent
years were classified by socioeconomic level into groups
based on previously reported criteria [28]. Of a total of
2016 boys, 1112 boys aged from 8 to 18 years evaluated as
coming from a high socioeconomic class (Class1) were
included in the present analysis. Class 1 denotes children
whose mother has had more than 8 years of schooling and
whose father has had more than 11 years of schooling and
is either a businessman, a professional or a high official.
Over time, measurements were repeated on these same
children, but other children were also included in the study
to provide adequate numbers for the older age groups.
Thus, our sample consists of a mixture of children followed
longitudinally over different periods of time. A total of
5160 measurements were performed on this group.

Approval from the Ministry of Education was obtained
for the study. Informed consent was obtained from the
parents of each child included in the study.

Chronological age was computed from the birth date
reported by the child and from the school files. If a
disagreement appeared between these two sources, the child
was not included in the analysis. Chronological ages of the
children were grouped according to age in years±3 months.
Chronic or debilitating disease as well as cryptorchidism,
epispadias or hypospadias were also reasons for exclusion.

Height (Ht) was measured in a standing position with
bare feet, using a portable measuring device (Leicester
Height Measure, Invicta Plastics, UK). A portable scale
sensitive to 0.1 kg was used for the weight measurements,
which were made with the children wearing a minimal
amount of underclothes. All measurements were performed
by either of the two trained technicians throughout the
study. Ht measurements were repeated twice, and the mean
value was calculated. In the case of a discrepancy
exceeding 0.3 cm, a third measurement was done and the
mean of the two closest values was used. Inter-observer
error for Ht measurements was assessed by having the same
two technicians, independent of one another, measure a
random subsample of 30 children (15 girls and 15 boys).
Intra-observer error was assessed by having each technician
conduct two measurements performed 1 week apart on
every child in another random subsample of 15 children
(seven girls, eight boys). Inter- and intra-observer measure-
ment errors, expressed as the standard deviation of the
differences between these duplicate measurements, were
0.25 cm and 0.21 cm, respectively.

Final height (FH) was defined as the attainment of a HtV
less than 0.5 cm/year. The measurement of TV was

performed by one observer (RB) throughout the study by
means of a Prader orchidometer. Pubic hair and axillary hair
development stages were rated in accordance with the
Tanner criteria [24]. An evaluation of pubertal stages was
also done at 6-monthly intervals. Attainment of a TV of
4 ml was accepted as the onset of puberty. The duration of
puberty was taken as the time period from attainment of a
TV of 4 ml to final height.

HtV was calculated from the multiple measurements
taken on each individual child. To analyze the data, we first
grouped the children by their testicular volumes and then
calculated the height velocities for each TV group. HtV at a
certain TV was designated as the annual velocity following
the attainment of that TV. Testicular volume for age was
shown as percentile values.

In a subsample of 30 boys who were followed
longitudinally until they reached their final height, age of
peak height velocity (PHV) for each subject was estimated
by plotting the measurements of the child on the growth
chart and by taking the midpoint age between the two
successive measurements (those preceding and following
the most rapid height growth) as the age of PHV. Body
mass index (BMI) was calculated as weight (kg)/ height
(m2).

The data were entered in a FoxBase program and
analyzed by using SPSS-PC (SPSS, Chicago, Ill.). Linear
correlations were used to define the relationships between
various parameters.

Results

Total group

The mean age of onset of puberty was 11.6±1.2 years for
the total group. Age of onset of pubic hair was 12.3±
0.9 years and that of axillary hair was 13.1±1.0 years. Mean
Ht at onset of puberty was 146.1±7.7 cm, and HtV in the
year following the onset of puberty was 6.6±3.4 cm/year.

Median, mean values and ranges for TV at each age
group are shown in Table 1. Percentile distribution of
testicular volumes by age is given in Fig. 1. It will be noted
that the median age of attainment of a TV of 4 ml was
11 years and that all boys reached a TV of 25 ml by age
18 years. As seen in Fig. 1, there is quite a large difference
between boys of the same age with respect to the attainment
of a certain TV. The 50th percentile values of TV given in
recent reports [25, 26] have also been plotted in Fig. 1 for
comparison of the data.

The percentage of boys attaining the various pubic hair
stages in each age group are given in Table 2. Pubic hair
stage 2 was attained mostly between age 12 and 13 years.
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Relationships between TV and age, Ht and HtV are
shown in Table 3. Maximal HtV was observed after the
testes attained a volume of 10 ml. The testes reached this
volume at a mean age of 12.9±0.8 years and at a mean
height of 155.9±7.9 cm. The deceleration in height incre-
ments noted after the testes reached a volume of 10 ml

continued with increasing testis volume. Height continued
to increase – albeit at a lower level – after the attainment of
25 ml in TV.

The subsample of longitudinally followed boys

In the subsample of 30 boys who were followed longitu-
dinally to a FH, mean age at onset of puberty was 11.6±
0.6 years, and mean Ht at onset of puberty was 147.8±
6.8 cm at a mean velocity of 6.0±1.7 cm. These values
were similar to those of the total group. PHV was 10.1±
1.6 cm at an age of 13.7±0.7 years. Height at PHV was
156.0±8.4 cm. Mean TV at the time of PHV was 11.1±
2.0 ml (range 8 to 15 ml). Mean FH was determined to be
174.2±1.6 cm, and mean total pubertal height gain (PHG),
when calculated from onset of puberty to FH, was 26.4±
4.3 cm (range: 18.8–33.2 cm). The duration of puberty was
4.9±0.6 years (range: 3.6 to 5.6 years) when estimated as
the time period from a TV of 4 ml to final height. The time
period from a TV of 4 ml to a TV of 25 ml was 3.4±
0.7 years (range: 2.1–5.0 years). Total pubertal height gain
was 15.2±2.3% of the final height.

Fig. 1 Testicular volume percentile growth curve in Turkish children and comparison with the Japanese (filled triangle) and Dutch (filled square)
50th percentile for testicular volume

Table 1 Testicular volume by age (ml)

Age (years) n Median Mean SDa SEMb Range

8 195 2.0 2.1 0.5 0.03 1–3
9 203 2.0 2.2 0.6 0.04 1–5
10 204 3.0 2.8 1.2 0.08 1–8
11 248 4.0 4.4 2.5 0.15 2–15
12 439 6.0 7.3 4.5 0.2 1–25
13 433 10.0 11.8 6.1 0.3 2–25
14 297 20.0 17.1 6.1 0.4 3–25
15 115 20.0 20.1 5.3 0.5 6–25
16 23 25.0 23.3 3.2 0.7 15–25
17 73 25.0 24.8 1.3 0.2 15–25
18 13 25.0 25.0 0.0 0.0 25–25

a SD, Standard deviation
b SEM, Standard error of the mean
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Weight at onset of puberty of this subsample of boys was
42.1±9.2 kg (range: 31.5–59.6 kg), and the respective BMI
value was 19.1±3.2 (range: 15.0 to 26.3).

Ht at onset of puberty was positively correlated with
FH (p<0.0001; r=0.9 ) and also showed a positive cor-
relation with duration of puberty (p=0.03; r=0.5). PHG
during puberty showed correlations with duration of
puberty (p<0.0001; r=0.7) and with FH (p=0.03; r=0.4).
There were no significant correlations between age of onset
of puberty and FH, total PHG, duration of puberty and
PHV. Neither was there a correlation between age and
height at onset of puberty. Age at onset of puberty
correlated negatively with weight (p<0.01; r=0.5) and
BMI (p<0.009; r=0.5). BMI at onset of puberty showed a
weak but significant negative correlation (p=0,05 ; r=0.3)
with the duration of puberty but not with FH.

Discussion

In this study, attainment of a TV of 4 ml was taken as the
criterion for an assessment of age of onset of puberty in

boys, as has classically been proposed [4]. However, the
majority of reports on onset of puberty in boys refer to the
G2 stage, which includes testis size, penile size and texture
of scrotal skin [26]. There are also a number of authors who
report that a TV of 3.0 ml should be the cut-off value for
onset of puberty in boys [3, 42]. Despite these difficulties in
comparing our results with other studies, age of onset of
puberty in our study is in compliance with most European
and American studies [5, 9, 15, 23, 24, 30, 32–34, 37, 40].

A previous study on sexual maturation in Turkish boys
[27] born in 1955–1960 did not include measurements of
TV, and the appearance of pubic hair was taken as the
criterion for the assessment of onset of puberty. Mean age
at onset of pubic hair development in that study was
11.8 years, as compared to 12.3 years in this present study.
While it may not be totally appropriate to compare the two
studies because of differences in methodology, these
findings suggest that there appears to be no secular trend
for early maturation in boys in our population. One
explanation for the absence of a secular trend in pubertal
development may be that the children in both studies were
taken from amongst the higher socioeconomic levels of the
Turkish population. The difficulties inherent in producing
normative data in a developing country are well known,
and only a sample from the upper strata of the population
will suit the recommendations of the World Health
Organization (WHO) for obtaining reference values [8,
14, 29]. It must be added that the mixed population of
Istanbul city is quite representative of the whole of Turkey
[7, 10, 39]. Thus, the results of our study are in agreement
with those from most of the studies from the Western world
reporting no secular trend for boys [3, 11, 30, 32]. Indeed,
reported ages for onset of puberty in boys in different
studies throughout the decades do not show a consistent
pattern for a secular trend through these years among
different populations. Interestingly, the age at onset of
puberty in Turkish children living in the Netherlands [12]
seemed to be somehow older than those in the present
study. One explanation may be that those children were of a
lower socioeconomic class. On the other hand, the mean
FH of these children from the Netherlands was similar to
the FH in this study.

To our knowledge, this is the first study to report Ht and
height velocity for each successive testicular volume stage
in healthy boys (Table 3). HtV was highest after attainment
of testicular volume of 10 ml. This is also shown in the data
of longitudinally followed children where PHV was
observed at a TV of 11.1±2.0 ml. This study also presents
TV growth charts between 8 and 18 years with seven
percentile lines. The 50th centile line of our study parallels
almost exactly recently published TV curves [25, 26], but is
somewhat steeper and skewed to the left, indicating faster
maturation in our children.

Table 3 Relationships between testis development, chronological
age, height and height velocity (mean± SD values)

n Testis
volume (ml)

Age
(years)

Height
(cm)

Height velocity
(cm/year)

378 4 11.6±1.1 146.1±7.7 6.6±3.4
261 6 12.2±1.0 150.5±7.2 8.4±3.7
297 8 12.7±1.0 152.7±7.8 8.6±2.6
258 10 12.9±0.8 155.9±7.9 9.1±3.0
287 12 13.2±0.9 157.9±8.0 8.3±3.0
378 15 13.5±0.9 161.4±7.7 7.4±2.9
390 20 13.8±0.9 165.6±7.7 5.7±2.9
554 25 15.2±1.2 170.1±8.3 3.7±2.7

Table 2 Distribution of boys by pubic hair stages at each chronolog-
ical age group (%)

Pubic hair stage

Age (years) PH2 PH3 PH4 PH5

8–9 0.2 – – –
9–10 1.1 – – –
10–11 4.5 0.6 – –
11–12 25.0 13.2 2.0 0.2
12–13 36.1 38.1 20.4 7.5
13–14 30.2 33.1 50.0 15.6
14–15 2.9 13.2 22.6 41.1
15–16 – 1.8 4.2 28.0
16–17 – – 0.8 5.0
17–18 – – – 2.6
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The different growth parameters, such as age at PHV,
magnitude of PHV and FH, in the longitudinally followed
boys in our study were within the ranges of corresponding
values reported in most European and American studies
[2, 3, 16, 20, 38]. The attainment of FH depends on several
factors at interplay. One factor may be the differences in Ht
at onset of puberty. The positive correlations found in our
study between Ht at onset of puberty and FH indicate that
the smaller the child is at onset of puberty, the smaller the
FH will be, a finding which has been reported in other
studies as well [35] .This result emphasizes the importance
of Ht at the onset of puberty for the prediction of FH.
Height at onset of puberty in our study –147.8±6.8 cm – is
similar to that reported by Tanner et al, as is the value for
FH [38]. Another factor affecting FH may be the duration
of puberty. The duration of puberty in our study is similar
to values reported in previous studies [21, 24]. In the
present study there was a positive correlation between Ht at
onset of puberty and duration of puberty as well as a
positive correlation between duration of puberty and total
height gain in puberty. This may provide the explanation
for the shorter child at onset of puberty having a shorter
duration of puberty and a lesser pubertal height gain ending
up with a reduced FH.

A number of studies have shown that age at onset of
puberty is not correlated to the duration of puberty [21, 24],
a finding which has been confirmed in our study as well.
This result implies that the duration of puberty does not
change with respect to age at onset of puberty.

It has been reported that there is no difference in FH
between early and late maturers [13, 22, 36]. We also found
no evident correlation between age at onset of puberty and
PHV, total pubertal height gain or FH. These results are in
agreement with those obtained in a study with Swiss
children [20]. Thus, it may be concluded that height
attained at onset of puberty is the main factor affecting FH.

It is also noteworthy that weight and BMI at onset of
puberty are negatively correlated to age at onset of puberty,
implying that the heavier the child is, the earlier the
puberty. This relation that body fat or BMI influences
the timing of puberty has been shown in several studies
[17, 19], mostly in girls, but has not been a consistent
finding in boys [6]. In Dutch children [11], while weight
and Ht showed an increase over the years, no secular trend
was noted for the onset of puberty in boys. In fact, age of
attainment of genital stage 2 showed a tendency to increase
over the years, as was also noted in our study. This shows
that the underlying factors for the secular trend for puberty
are multifactorial and cannot simply be explained only by
the trend in weight increase. On the other hand, the
negative correlation that we found between BMI at onset
of puberty and the duration of puberty implies that BMI is
possibly effective on the tempo of puberty.

In conclusion, there does not seem to be a secular trend
for the onset of puberty for the boys in our population.
Weight at onset of puberty does seem to affect the age of
onset and tempo of puberty – namely, that the heavier the
boy is at onset of puberty, the earlier and faster the puberty
will be, but this does not appear to affect the FH. This is the
first study to give Ht and HtV for each testicular volume
stage for boys in puberty. The HtV calculated for each
testicular volume may have a clinical implication in guiding
the clinicians to evaluate the HtV of the adolescents at
follow-up. As also confirmed by the findings in this study,
the most important determinant of FH appears to be height
at onset of puberty.
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