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Reference data for testicular volume measured with ultrasound
and pubic hair in Norwegian boys are comparable with
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Tanner stages of pubic hair in Norwegian boys, and to compare the timing of puberty
with data from similar populations.
Methods: Testicular volume was derived from ultrasound measurements of testicular
volume in a cross-sectional study of 514 healthy boys. A continuous testicular volume
for age reference curve was estimated with the LMS method. Tanner stages for pubic
hair were clinically assessed in 452 boys. Age references for pubertal milestones
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Results: Puberty onset, defined by an ultrasound testicular volume of 2.7 mL, equivayears. The reference range was 9.7 (3rd) to 13.7 years (97th percentile). Pubic hair
(Tanner stage 2) appeared on average at 11.8 (1.2) years with a corresponding reference range of 9.5-14.1 years.
Conclusion: The references for testicular volume measured with ultrasound are continuous in age and allow for the quantification of pubertal development. The age
distribution of reaching pubertal milestones was comparable with data from other
Northern European countries.
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1 | I NTRO D U C TI O N
During the past two decades, several authors have demonstrated

Key notes

renewed trends towards earlier puberty in girls, after a relatively

• The testicular volume is usually determined with a

stable period of almost 60 years.1,2 Although results in boys are

Prader orchidometer; however, ultrasound examina-

more equivocal,

3,4

some studies have suggested similar trends.

5,6

tions are possibly a better alternative.

Overweight and obesity have been proposed as possible drivers for

• We estimated up-to-date references for testicular

this renewed trend,6-8 as well as exposure to endocrine-disrupting

volume, measured with ultrasound, and pubic hair in
healthy Norwegian boys.

chemicals.9
Population-based studies of puberty are more challenging in

• Implementation of ultrasound for assessing testicular

boys than in girls, due to the lack of an easily measured, yet reli-

volume implies a transition towards an objective meas-

able pubertal marker like menarche. Testicular examination with a

urement on a continuous scale, which allows to detect

Prader orchidometer is useful and widely used in clinical practice,

smaller changes in the testicular volume and to quantify

4

10

but it is regarded as impractical for population studies.

In boys, at-

pubertal development.

tainment of a testicular volume (TV) of ≥4 mL when measured with a
Prader orchidometer is considered the best indicator for the onset of
male puberty.11 It is therefore desirable that population studies also

parents from the European region, and one or both parents from

include assessments of TV. However, measuring TV with a Prader or-

outside the European region. Height and weight were measured in

chidometer may be perceived as intrusive outside of clinical context.

457 of the boys included in the analysis. Based on the International

In such situations, the use of ultrasound (US) to measure TV could be

Obesity Task Force (IOTF) body mass index (BMI) reference values,14

more acceptable because of the more technical nature of the exam-

11.8% of boys were classified as overweight (IOTF-BMI ≥25 kg/m2)

ination. US is also the preferred method when the accuracy of TV is

and 1.9% as obese (IOTF-BMI ≥30 kg/m2). This closely matches the

12

important.

In addition, this method has the advantage of detecting

12.8% and 2.1% reported for Norwegian boys in this age range.15

testicular pathology, which may explain developmental differences
of testicular growth. We have previously shown that the measurement of TV with US is methodologically feasible and appropriate for

2.2 | Ultrasound

the generation of pubertal references for TV.13
The aim of the current study was to estimate references for TV

All US examinations of the testis were performed by a single tech-

based on US measurements of the testicle and Tanner pubic hair

nician using a Sonosite Edge US machine with a 15-6 MHz linear

(PH) staging in a representative cohort of healthy Norwegian boys.

probe. The length (L), width (W) and depth (D) of the right testicle
were measured with the boy in a supine position according to a

2 | M ATE R I A L S A N D M E TH O DS
2.1 | Childhood population

standardised protocol.13 If the left testicle appeared larger by visual
inspection, this was also measured, and the volume of the largest
testicle was registered. The TV was calculated from the length,
width and depth using the Lambert equation as TV = L×W×D×0.71.
The observer variability of this method is 9.2% with a technical error

This study is a part of the Bergen Growth Study 2 on pubertal growth

of measurement (TEM) of 6.5%.13 An empirical equation to predict

and development in Norway. All boys attending one of six randomly

Prader orchidometer volume from US volume was previously de-

selected schools that provide primary and secondary education in

rived as VolOM = 1.96 × VolUS0.71. The Prader orchidometer volume of

the city of Bergen, Norway, were invited to participate in the study

≥4 mL that defines puberty onset is thus equivalent to an US meas-

from January through June 2016. Parental consent was obtained for

ured volume ≥2.7 mL.13 A preliminary logistic regression analysis of

493 (37%) out of 1329 eligible boys, but two boys did not assent

pubertal onset (yes/no) according to age and origin showed no sta-

and six were absent on the day of examination. In addition, we in-

tistically significant differences between boys of Norwegian origin

cluded US measurements from 58 boys who participated in a reli-

and European (P = .17) or non-European boys (P = .11). All boys were

ability study in 2017.13 The age at examination was calculated from

therefore included in the analysis of TV during puberty.

date of birth and date of examination. Eight boys with a disease or
condition that could affect growth and 21 boys with a history of or
present scrotal pathology (including cryptorchidism, hydrocele and

2.3 | Tanner staging

microlithiasis) were excluded, and the Tanner PH stage was not registered in 62 boys. A parental questionnaire was obtained for 340 of

Tanner PH stages were visually assessed in the supine position by

the 514 (66.1%) boys included in the analysis. The questionnaire con-

the same observer performing the US examinations. Illustrated de-

tained items on origin, chronic disease and previous genital pathol-

scriptions based on the work of Marshall and Tanner served as a

ogy. Origin was grouped as both parents from Norway, one or both

reference.16 A preliminary analysis showed no statistical significant

|
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3

difference in the timing of pubarche (Tanner PH stage 2) between

information from the questionnaire, 77.4% had two Norwegian

boys of Norwegian origin and European (P = .82) or non-European

parents, 10% had one or two parents from another European

boys (P = .59). All boys were therefore included in the analysis of

country, and 12.5% had one or two parents from outside the

pubic hair stages.

European region. US examination of the scrotum revealed microlithiasis in one boy and testis located in the inguinal canal in two

2.4 | Statistical analyses
A reference curve of the continuous US testicular volume for age
was estimated with the LMS method.17 The LMS method normal-

boys. In addition, we observed twelve cases of unilateral and six
cases of bilateral cryptorchidism.

3.2 | Testicular volume

ises the distribution of a variable by applying a Box-Cox power
transformation to remove skewness from the data. The reference

A total of 514 boys with a mean age of 11.0 years (range: 6.1-16.4 years)

is summarised by three curves, representing the Box-Cox power

were included for the references. Figure 1 shows the US testicular vol-

to remove skewness (L), the mean (M) and the approximate coef-

umes by age and the fitted median and ±2 SD lines. The corresponding

ficient of variation (S) along the independent covariate age. The

L, M and S values are listed in Table 1, and selected percentiles are

amount of smoothing is expressed in terms of smoothing param-

provided in Table S1. Figure 2 shows the cumulative incidence curves

eters or equivalent degrees of freedom (edf). For the TV, the op-

of selected discrete Prader orchidometer volumes by age, which were

timal Box-Cox power L was determined to be constant at 0.5 (ie

derived from the US volumes using the formula given in the methods

a square root transformation), the M-curve was fitted with 8 edf,

section. The corresponding age quantiles are listed in Table 2 as SD

and the S-curve with 4 edf. The tabulated values of L, M and S

scores and in the Table S2 as age percentiles. The mean age (SD) for

by age contain all the information that is needed to calculate any

attainment of a US measured TV of 2.7 mL (equivalent to a Prader or-

percentile, or to convert measurements into z-scores. Because L is

chidometer volume of 4 mL) was 11.7 (1.1) years, and the 3rd and 97th

a constant of 0.5, centiles can be derived using the simplified for√
mula C𝛼 = M (1 + Sz𝛼 ∕2)2, and z-scores as Z = 2 × ( X∕M − 1)∕S, where

percentiles were respectively 9.7 and 13.7 years.

zα is the normal equivalent deviate that corresponds to the desired
percentile.

3.3 | Pubic hair

In addition to the LMS reference curves for the continuous TV, we
used probit regression within a generalised linear model (GLM) to es-

Tanner PH stage was determined in 452 (88.0%) boys with a mean

timate cumulative incidence curves for reaching TVs that correspond

age of 10.9 years (range 6.1-16.3 years). Figure 3 shows the cumula-

to selected discrete Prader orchidometer volumes, and for each of the

tive incidence curves when boys reach Tanner PH stages 2-5. The

Tanner PH stages. Non-parametric generalised additive models (GAM)
provided identical results, which confirmed our assumption of a normal
age distribution at the different pubertal milestones (data not shown).
All statistical analyses were performed using R version 3.4 (R
foundation for Statistical Computing) or IBM SPSS statistics version
24 (IBM Corp).

2.5 | Ethical considerations
Written informed consent was obtained from a parent or legal guardian of each participant in the study, as well as assent from the participants themselves. A cinema voucher was given as an incentive.
The study was approved by the Regional Committee for Medical and
Health Research Ethics West (REC-WEST 2015/128).

3 | R E S U LT S
3.1 | Childhood population
The number of boys varied from 28 to 66 per age year between
six and 16 years, and 12 boys were 16 years of age. Based on

F I G U R E 1 LMS-smoothed reference chart of ultrasound (US)
measured testicular volume in 514 healthy Norwegian boys, aged
6-16 y. Corresponding equivalent Prader orchidometer volumes are
shown on the right axis

|
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Age

L

M

6

0.5

0.78

S

−2 SD

0.24622

0.4

−1 SD

Mean

+1 SD

+2 SD

0.6

0.8

1.0

1.2

7

0.5

0.83

0.30388

0.4

0.6

0.8

1.1

1.4

8

0.5

0.91

0.36146

0.4

0.6

0.9

1.3

1.7

9

0.5

1.00

0.41844

0.3

0.6

1.0

1.5

2.0

10

0.5

1.23

0.47844

0.3

0.7

1.2

1.9

2.7

11

0.5

2.02

0.52162

0.5

1.1

2.0

3.2

4.7

12

0.5

3.77

0.54007

0.8

2.0

3.8

6.1

8.9

13

0.5

6.30

0.51981

1.5

3.5

6.3

10.0

14.6

14

0.5

9.39

0.46762

2.7

5.5

9.4

14.3

20.2

15

0.5

12.58

0.39673

4.6

8.1

12.6

18.1

24.5

16

0.5

15.64

0.32065

7.2

11.0

15.6

21.1

27.0

TA B L E 1 Age-specific references
for ultrasound testicular volume (mL)
estimated from 514 healthy Norwegian
boys aged 6-16 y in 2016-2017 using the
LMS methoda

Abbreviations: L, skewness parameter; M, mean; S, coefficient of variation; SD, standard deviation.
a
The LMS model was fitted on the original age scale with squared root transformed volumes
(L = 0.5) and 8 and 4 equivalent degrees of freedom for the M and S curves.

F I G U R E 2 Cumulative incidence of
reaching selected equivalent Prader
orchidometer volumes estimated
with probit regression in 514 healthy
Norwegian boys aged 6-16 y. Connected
markers show the empirical data and bold
lines the corresponding probit models

Prader
2

USV
1.0

M
8.95

SE

SD

−2 SD

−1 SD

0.16

+1 SD

+2 SD

2.01

4.9

6.9

11.0

13.0

3

1.8

11.05

0.11

1.25

8.6

9.8

12.3

13.6

4

2.7

11.67

0.11

1.07

9.5

10.6

12.7

13.8

5

3.7

12.25

0.11

1.01

10.2

11.2

13.3

14.3

6

4.8

12.66

0.11

0.97

10.7

11.7

13.6

14.6

8

7.2

13.49

0.12

1.10

11.3

12.4

14.6

15.7

10

9.9

14.08

0.13

1.20

11.7

12.9

15.3

16.5

12

12.8

15.10

0.15

1.32

12.5

13.8

16.4

17.7

15

17.6

16.27

0.32

1.54

13.2

14.7

17.8

19.4

TA B L E 2 Age distribution (y) for
testicular volumes corresponding to
equivalent Prader orchidometer volumes
(mL) in 514 healthy Norwegian boys aged
6-16 y in 2016-2017

Abbreviations: M, mean; Prader, equivalent Prader orchidometer volumes; SD, standard deviation;
SE, standard error; USV, Ultrasound volume.

mean age (SD) of pubarche (Tanner PH stage 2) was 11.8 (1.2) years,

both a substantial spread within, and overlap between, groups in

and the corresponding reference range defined by the 3rd and 97th

terms of TV. When boys were classified as pre-pubertal (1-3 mL),

percentiles was 9.5-14.1 years. The mean ages and reference quan-

pubertal (4-14 mL) or adult (≥15 mL) based on the equivalent Prader

tiles of other PH stages are listed in Table 3 as SD scores and in Table

orchidometer volumes, 14.0% of boys with a pubertal testicular

S3 as age percentiles.

volume were characterised as Tanner PH1 (ie no pubarche), while

The distribution of the continuous US TVs in boys who were

amongst boys with a pre-pubertal testicular volume, 8.1% were

classified as Tanner PH stages 1-5 is shown in Figure 4. There is

characterised as ≥Tanner PH2 (pubarche). All boys with Tanner PH

|
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F I G U R E 3 Cumulative incidence of
Tanner stages for pubic hair in 452 healthy
Norwegian boys aged 6-16 y. Connected
markers show the empirical observations
and bold lines the corresponding probit
models

TA B L E 3 Age distribution (y) by Tanner
pubic hair stage (PH) in 452 healthy
Norwegian boys aged 6-16 y in 2016-2017

PH

Mean

SE

SD

-2 SD

-1 SD

+1 SD

+2 SD

2

11.78

0.12

1.22

9.3

10.6

13.0

14.2

3

12.68

4

13.46

0.12

1.12

10.4

11.6

13.8

14.9

0.11

0.86

11.7

12.6

14.3

15.2

5

14.42

0.12

0.90

12.6

13.5

15.3

16.2

Abbreviations: PH, Tanner pubic hair stage; SD, standard deviation; SE, standard error.

stages 4 or 5 had attained either a pubertal or an adult volume of

with ultrasound.13 This also corresponded nicely with increased sex

the testicles.

hormone levels.22 While our references of TV are primarily based on
US measurements, we previously devised a conversion formula that
allows a seamless conversion from one method to the other.13 Apart

4 | D I S CU S S I O N

from being closer to the true TV, the US method has the additional advantage that the volume is measured on a continuous scale, contrary to

In the current study, we present contemporary references for

the Prader orchidometer method which is limited to reaching a discrete

TV, obtained with US, and Tanner PH stages in 6- to 16-year-

set of volumes making it difficult to estimate volumes in between two

old Norwegian boys. By using LMS centile curves to summarise

consecutive beads or beyond all available beads.

TV by age, the assessment of pubertal growth can now be quantified on a continuous scale since measurements can easily be
converted to age-adjusted SD scores. In addition, we present age
percentiles from probit analyses that document the cumulative
incidence of reaching milestones of the development of TV and
pubic hair.
In this paper, we report the very first references for pubertal development in Norwegian boys. Although it has been shown
that, the timing of puberty in Northern European populations is
very similar,18 national reference data collected at regular intervals
can help to detect secular trends earlier. 3 Up-to-date references
are also important because early or late puberty may have consequences for the health of individual boys. Studies have found a
protective effect of later puberty on testicular cancer,19 but delayed puberty has also been linked to bullying, poor self-esteem
and psychosocial distress. 20
A testicular volume of 4 mL measured with a Prader orchidometer
is commonly considered as a robust marker of the start of puberty.11
However, we13 and others

21

have previously shown that the orchi-

dometer overestimates the true volume near this range and that the
actual volume at the start of puberty is about 2.7 mL when measured

F I G U R E 4 Box and whiskers plots of testicular volumes at
different Tanner pubic hair stages in 452 Norwegian boys aged
6.1-16.4 y in 2016-2017. The boundaries of the box are the 1st and
3rd quartile. The median is identified by a line inside the box. The
length of the box is the interquartile range (IQR)

6
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The onset of puberty, defined by an US TV of 2.7 mL (4 mL
with the Prader orchidometer), was reached at a mean age of

staging alone may lead to misclassification of some boys in the
earliest segment of pubertal maturation.11

11.7 years. This is highly comparable with the 11.6 years observed

Previous population studies have defined the normal physio-

in Dutch boys by Goede et al23 and later remodelled by Joustra

logical range for pubertal development in boys as 2.5 or 3 time the

et al, 24 which is the only US reference for TV for adolescent boys

standard deviation below and above the mean.18 In our study, the

published to date. In order to compare our data with these refer-

reference age range (mean ± 2.5 SD) of reaching a pubertal TV (US

ences, we multiplied the Dutch estimates with a factor 0.71/0.52

measured TV of 2.7 mL) is bounded by the ages of 9.0 and 14.3 years.

because these studies used the ellipsoid formula (L×W×D×0.52) to

We therefore recommend adhering to the current definition of nor-

calculate volumes from testicular dimensions, while we used the

mal pubertal onset in boys between 9 and 14 years.

Lambert formula (L×W×D×0.71) because it was found to give a
better approximation. 25

A major strength of our study is the use of US for the measurement of TV in a population-based study. US provides the op-

Our data are also in agreement with the age of attainment of an

portunity to obtain more accurate estimates of TV in comparison

equivalent Prader orchidometer volume of 4 mL in other European

with a Prader orchidometer, without interference of surrounding

countries, for example 11.4 years in Belgium,

26

11.5 years in the

tissues, such as the scrotal skin, the epididymis or the tunica vag-

Netherlands27 and 11.7 years in Denmark. 6 While the Copenhagen

inalis. Furthermore, US provides a continuous measure of volume,

Puberty Study reported a decline in age at onset of puberty of

in contrast to the discrete ordinal Prader orchidometer beads,

3 months between 1991 and 2006, this trend was no longer sig-

which allows for semiparametric data modelling and calculation

6

nificant after adjustment for BMI. In the United States, the PROS

of z-scores. US has the additional benefit of detecting testicular

study from 2005 to 2010 reported a mean age of 11.5 years in

pathology, which may explain alterations in the timing of testicular

the non-Hispanic white population and 11.8 years in the African

growth, as in our cohort, we found one patient with testicular mi-

American population. 28 A comparison of our data with these ref-

crolithiasis and two boys with testis located in the inguinal canal.

erences does not suggest a secular trend towards earlier puberty

Further, the majority (58%) of the participating boys from the test/

in boys over the last decade. However, compared with data from

retest study reported to prefer the examination of TV with US to

109 Norwegian boys aged 1.9-16.9 years collected by Waaler in

direct palpation of the testicle. This may be explained by the less

the 1970s, 29 contemporary boys reach a pubertal testicular vol-

intrusive positioning of the examiner, facing the US machine rather

ume approximately 2-3 months earlier, that is a rate of <1 month

than the scrotum directly, and that there is no direct contact be-

per decade.

tween examiner's hand and the scrotum. Since US equipment and

Studies in European populations like Denmark,30,31 Belgium, 26
32

protocols are becoming more user-friendly and accessible, and

and the Netherlands27 reported relatively narrow range of

because they are known to be safe and without a risk of ionising

mean age at pubarche (Tanner PH2) of 11.5-11.9 years. Our finding

radiation, they might more readily be adopted for routine use by

of 11.8 years corresponds with this range. One study from Denmark

paediatricians and other clinicians.

Italy

reported a mean age of 12.4 years, but this was a surprising finding

Some limitations to the study needs to be addressed. Only 37%

because it implied a slow down with approximately five months be-

of the invited boys agreed to participate. This makes a selection bias

tween 1991 and 2006,6 while other studies during the same period

possible, for instance, if boys maturing early or very late were less

in Denmark reported stable average ages at pubarche of 11.631 and

inclined to participate. In addition, only boys up to 16.4 years were

11.9 years.30 The PROS and NICHD studies from the United States

included, potentially omitting the stabilisation of testicular growth

both reported a mean age at Tanner PH2 in the non-Hispanic white

at the adult range in our reference curve. Due to difficulties of re-

population of 11.5 years,

28,33

which is about 3 months earlier com-

pared with Norwegian boys.

cruitment and a potential reluctance regarding palpation of the testicles, examination with a Prader orchidometer was only performed

Longitudinal studies have shown that around 46%-90% of

in the reliability study. Based on these examinations, we were able

boys enter puberty by the ‘testicular’ pathway, that is gonadal

to estimate a conversion equation to calculate Prader orchidometer

enlargement before the appearance of pubic hair (pubarche

volume from US volume. Another limitation was that only the right

pathway).11,31,33 The mean ages of attainment of a pubertal TV

testicle was measured, except when the left testicle appeared larger

(11.7 years) and Tanner PH2 (11.8 years) in our study are consis-

by visual inspection. However, no statistical significant differences

tent with this. Because our data are cross-sectional, we cannot

between left and right TV have been found in previous studies.34

estimate the duration of each stage nor the pace of progression
throughout the various pubertal stages. However, a direct comparison of different pubertal markers showed that 14.0% of the

5 | CO N C LU S I O N

boys reached a pubertal TV before pubic hair appeared, whereas
only 8.1% showed pubic hair (Tanner PH2) prior to reaching a pu-

We have presented references for testicular growth based on US

bertal TV. Importantly, careful assessment of TV is the most reli-

measurements of testicular dimensions, and for the clinical as-

able method to detect the earliest signs of puberty, whereas PH

sessment of Tanner PH stages. Prader orchidometer has long been

|
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considered a subjective clinical tool that is limited to an ordinal
scale. Our implementation of an US protocol implies a transition
towards an objective measurement on a continuous scale that allows to detect smaller changes in the TV and allows to quantify
pubertal development. Further, US was the preferred examination
method amongst the majority of the boys. The high degree of similarity of our data with previously published estimates of puberty
onset in boys does not suggest an ongoing secular trend during
the past decade.
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