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Testicular Volume of Boys Aged 5-17 Years in Relation to Sexual
Maturity Rating and Clinical Onset of Puberty in an Urban Setting in
Gujarat, India
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Rucha J Mehta6, Dipesh M Patel7

Background : Assessment of Sexual Maturity Rating and Testicular Volume are indispensable in the routine
assessment of puberty in boys. There is paucity of data in Indian population for Testicular Volume particularly in early
adolescence.

Aims : The aims of the study were to collect  data for  testicular volume,correlate testicular volume with Sexual
Maturity Rating (SMR) and the clinical onset of puberty; and to identify Testicular abnormalities in boys aged 5 to 17
years in an Urban setting in Gujarat, India.

Materials and Methods : A prospective observational study was undertaken in  boys aged5 to 17years of age from
Gujarat from April, 2019 to August, 2019. Mean Testicular Volume was measured with a Prader’s orchidometer.
Parameters like Age, Weight and Height were also measured and Body Mass Index (BMI) was calculated. Pubertal
stage was categorized using Tanner staging. Data was statistically analyzed using Microsoft Excel and SPSS software.

Results : 977 boys were included in the study. Mean age at SMR stage 2 was 11.22 years. SMR stage 2 was
earliest seen at 6 years and latest at 15 years of age. 15% of boys in pre-adolescence, 60% in early adolescence and
94% in middle adolescence showed changes of Puberty. Precocious puberty was detected in 33 boys (3.38%).
Delayed Puberty was detected in 4 boys (0.4%) and Undescended Testes in 4 boys (0.4%). Testicular Volume
showed positive correlation with Weight, Height and BMI.
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Editor's Comment :
It is necessary to generate a baseline data of age appropriate
Testicular Volume in every population to assess puberty
and Sexual Developmental Disorders.
Due to paucity of data in Indian population for Testicular
Volume particularly in early adolescence, local norms of
testicular development are necessary to confirm normality
and to identify any abnormality.
Early assessment is particularly important when normal
pubertal staging may be changing due to environmental or
other unknown factors.
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The assessment of Testicular Volume has been
extensively studied in recent years. In adult males,

Testicular Volume is measured in relation to
spermatogenic activity, whereas in Paediatric
population, it is mainly of importance in assessing
pubertal development and to evaluate Testicular
abnormalities. The Orchidometer is widely used for
this purpose in  clinical practice1.

Assessment of sexual maturity rating and testicular
volume are essential components of routine
assessment of puberty in boys, which is unfortunately,
often missed during routine office visits. Moreover,
there is paucity of data for Testicular Parameters
particularly in pre-school and early adolescence.
Hence, local norms of  Testicular development are
necessary to confirm normality and to identify any
abnormality.

AIMS AND OBJECTS

The present study was conducted in school going
boys from Gujarat to (1) collect  data for  Testicular
Volume, (2)  correlate Testicular Volume with Sexual
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Maturity Rating and the clinicalonset of Puberty and
(3) Identify testicular abnormalities.

MATERIALS AND METHODS

This prospective observational study was conducted
in schools in an urban setting in Gujarat between April,
2019 and August, 2019. The study was approved by
the Institutional Review Board of the Hospital. After
obtaining informed consent from parents and the
concerned authorities of the schools,  boys between
5 and 17 years of age were screened.The sample size
was calculated from OpenEpi.com (version 3)
(confidence level 99%). The boys having  Congenital
Anomalies, Cerebral Palsy, Epilepsy, Inguinal Hernia
Surgery and those not willing to give consent for the
study were excluded . Boys with Congenital Anomalies
of the Genitalia (such as cryptorchidism, epispadias,
and hypospadias) were noted for further follow up but
the data was not included for statistical analysis.

The following preliminary parameters were recorded:
Age (in completed years) from school records, Weight
(in kilograms) and Height (in centimetres). The Weight
was determined with a mechanical analogue weighing
scale (GVC analogue)and the Height was measured
with a Stadiometer (Aussin). BMI was derived from
weight and Height (kg/m2).

IAP growth charts  were used to chart the height,
Weight and Body Mass Index (BMI) in centiles.

The Sexual Maturity Rating (SMR) of all the enrolled
boys was done as per Tanner’s staging criteria
(Annexure 1)5.

Testicular Examination was done in the undressed
child by stretching the scrotal skin over the Testis in a
warm room. Examination of the Left Testis was carried
out first, followed by the Right Testis with the boy in
standing position. Testicular examination was done
by the same doctor to minimise inter observer variation.
A Prader’s Orchidometer (Genentech Inc) was used
to assess  Testicular Volume (in cubic centimetre /
ml), which consists of 12 ellipsoid models ranging in
volume from 1 to 25 cm3 (1 to 6, 8, 10, 12, 15, 20 and
25 cm3).The ellipsoid, which best matched the
Testicular size was taken and the Testicular Volumes
were recorded.In the present study, Testicular Volume
of 4 ml was taken as corresponding to SMR -2 (to
assess clinical onset of Puberty)6.

Microsoft Excel software was employed to compute
the Mean Age, Weight, Height,
Testicular Volumes  and BMI. SPSS
version 20 software was used to
determine the Weight centiles and
the statistical significance between
various parameters.

RESULTS

A total of 1001 students was considered for inclusion
in the study, out of which 12 did not give consent and
12 were excluded due to the following reasons. There
were 4 boys with Undescended Testes (Incidence
0.4%), 2 boys with Congenital Anomalies (Pectus
Carinatum and Left Microtia) and 6 boys with other
conditions (Epilepsy, Autism Spectrum Disorder with
Epilepsy, Cerebral Palsy and Inguinal Hernia Surgery).
Hence 977 boys were included in the present study.
All of them belonged to a lower Socio-economic status.

The age wise distribution of the sample has been
given in Table 1.

All boys at 5 years were Pre-pubertal with SMR 1.
Five out of 79 boys  aged  6 years, 5 out of 83 boys
aged 7 years and 23 out of 94 boys aged 8 years had
SMR 2 or more. By definition, these 33 boys could be
categorised under Pre-cocious Puberty. Similarly, there
were 4 boys aged 14 years who had SMR 1 and no
signs of onset of puberty, thus qualifying by definition
for delayed Puberty7. All boys in 15, 16 and 17 year
category had attained at least SMR 2. In Pre-
adolescent years, 85% boys were Pre-pubertal and
had SMR 1. Only 15 % showed onset of Puberty with
SMR 2 and 3. In early adolescence, 40% boys were
pre-pubertal while rest 60% showed SMR 2, 3 and
even 4. In middle adolescence, only 6.3% boys were
pre-pubertal whilst the rest 93.7% showed SMR 2, 3,
4 and 5.

In pre-adolescent boys, SMR 2 or more was seen
in only 15 % cases, in early adolescence 61% and in
middle adolescence 93.5 % . The right testis was larger
than the left in 46.3% (n=452) of the children; 25%
(n=244) had their left testis larger than the right and

Annexure 1 : Tanner Stages (Sexual Maturity Rating scales) for
males

Table 1 — Distribution according to Age

Pre-adolescence Early adolescence Middle adolescence
(n= 431) (n=484) (n=62)

Age(in years) 5 6 7 8 9 10 11 12 13 14 15 16 17
N 49 79 83 94 126 125 130 143 86 38 15 8 1
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both were equal among the rest (28.8%)(n=281). This
had statistical significance (p<0.001). According to IAP
growth charts, only 1 boy was  classified as overweight
and 1 boy as  obese. We found a significant positive
correlation between SMR and Height, Weight and BMI
(Tables 2-5).

DISCUSSION

Puberty is associated with accelerated growth
velocities. Weight, Height, Testicular Volume and SMR
increase proportionally with age. A consistent rise of
BMI from 13.7 kg/m2  at 5 years to 21.64 kg/m2  at 17
years was noted indicating accelerated growth
velocities and growth spurt.

For the onset of Puberty, most Clinicians use an
Orchidometer cut-off of 4 mL8,9, although some studies
showed that a volume of 3 mL can already be
considered a sign of puberty10. The MTV in present
study at the age of 8 years was 3.4 cc, which was
higher, compared to  studies by Lall11, Goede12 and
Boben, et al13. During prepubertal years, we found
minimal growth of testicular volume till 9 years of age
and rapid increase was observed from 11 years of age;
these results are similar to previously reported studies
by Lawal14, Tomova15 and Joustra et al8. The MTV at
the age of 11 years was 4.68 cc, which was similar to
the study by Matsuo16 et al  and higher compared to
studies  done by Lall11, Boben13, Goede12 and Marshall,

et al17. But at 12
years, the MTV of
6.05 cc was similar to
that of Goede12, lower
than Chin18  and
Goede12; and higher
than Lall11 and
Boben, et al13.

At the age of 16,
the MTV in children
enrolled in our study
was 13.44 cc which
was lower than the
results of Lall11,
Goede12 and Boben,
et al13. There was a
rapid increase in
Testicular Volume
after the age of 11
years in our study,
which was similar in
studies done by
Chin18, Jaiswal2,
Beres19, Joustra8,
Tomova15 and Lawal,

et al14.
The mean age attained at SMR

Stage-2 in our study was 11.22 years,
which was similar to the results of
studies done by Hafez20, Singhi21,
Wong22  and Papadimitriou, et al23.

There was only one
boy with SMR stage
5 in our study, so it
was not possible to
compare with other
studies.

Pubertal changes

Table 2 — Anthropometric parameters, MTV and SMR according to age

Age n Mean Weight Mean Height Mean BMI Mean TV SMR

(kg) (cm) (kg/m2) (ml) 1 2 3 4 5

5 49 15.35 ± 1.9 105.7 ± 3.80 13.7 ± 1.39 2.88 ± 0.74 49 0 0 0 0
6 79 16.40 ± 2.19 110.13 ± 6.42 13.50 ± 1.37 3 ± 1.00 74 5 0 0 0
7 83 18.29 ± 3.32 115.08 ± 6.95 13.83 ± 2.49 3.34 ± 1.11 78 4 1 0 0
8 94 19.52 ± 3.22 119.40 ± 6.47 13.64 ± 1.58 3.4 ± 0.89 71 22 1 0 0
9 126 21.45 ± 3.30 124.24 ± 5.56 13.86 ± 1.56 3.7 ± 1.00 94 31 1 0 0
10 125 24.71 ± 4.89 131.01 ± 7.16 14.3 ± 1.96 4.28 ± 1.72 76 46 3 0 0
11 130 27.45 ± 6.98 135 ± 6.32 14.87 ± 2.80 4.68 ± 1.66 70 63 7 0 0
12 143 29.07 ± 5.88 139.42 ± 7.33 14.82 ± 2.16 6.05 ± 2.89 37 95 10 1 0
13 86 33.6 ± 7.4 144.95 ± 8.39 15.86 ± 2.5 7.46 ± 3.34 12 50 19 5 0
14 38 35.49 ± 5.65 149. 58 ± 9.07 15.89 ± 2.12 8 ± 3.29 4 19 10 4 1
15 15 38.47 ± 9.49 155.7 ± 9.08 15.72 ± 3.17 10.44 ± 2.32 0 4 10 1 0
16 8 48.87 ± 6.81 160.25 ± 7.78 18.2 ± 1.94 13.44 ± 3.64 0 3 2 3 0
17 1 50 152 21.64 7 0 0 1 0 0

Table 5 — Anthropometric parameters and MTV according to stages of SMR

SMR n Mean age Mean weight Mean Height BMI MTV
(Years) (Kg) (cm) (kg/m2) (cc)

1 562 8.53 ± 2.17 21.59 ± 6.48 122.19 ± 11.77 14.18 ± 2.20 3.5 ± 1.15
2 334 11.22 ± 1.87 27.60 ± 7.31 136.30 ± 11.64 14.59 ± 2.11 5.88 ± 2.61
3 66 12.88 ± 1.86 33.45 ± 8.96 145.32 ± 13.22 15.59 ± 2.57 8.83 ± 3.94
4 14 14 ± 1.30 41.57 ± 6.63 154.07 ± 7.98 17.59 ± 2.26 12.03 ± 2.42
5 1 14 39 163 14.68 17.5

Table 4 — Growth parameters according to stages of adolescence

Pre-adolescence Early adolescence Middle adolescence
(n=431) (n=484) (n=62)

SMR >2 65 (15 %) 299 (61%) 58 (93.5%)
Mean BMI (kg/m2) 13.70 14.96 17.86
MTV (cc) 3.26 ± 1.01 5.61 ± 2.69 9.72 ± 3.43

Table 3 — Stages of adolescence and SMR

SMR Staging Age

Pre-adolescence Early adolescence Middle adolescence
(<10 years) n=431 (10-13 years) n=484 (14-17 years) n=62

SMR 1 (562)(57.5%) 366 193 3
SMR 2 (334)(34.2%) 62 245 27
SMR 3 (66)(6.8%) 3 40 23
SMR 4 (14)(1.4%) 0 6 8
SMR 5 (1)(0.1%) 0 0 1
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were seen to start in some boys at 9-10 years, the
mean age being 11.22 years. This is similar to studies
done by Lall11, Tomova15, Joustra8 and Beres19 but
earlier compared to Wacharasindhu24 and Largo, et
al25. MTV at 15 and 16 years of age in present study
were lower than the studies  of  Lall11 , Goede12,
Boben13 and  Beres, et al19.

The Right Testes was found to be larger in studies
by  Boben13  and Beres et al19.  According to Beres, et
al the Left Testis which forms an entity and moves
together with the epididymis, gubernaculum, afferent
vascular plexus and vas deferens, descends sooner
to and settles lower in, the scrotum; whereas the right
testis, owing to more abundant blood supply across a
shorter plexus, grows to larger size19. Another
explanation is that the pampiniform plexus of veins
are more prominent in the left due to sluggish drainage
of the Left Testicular Vein into the Left Renal Vein which
may lead to increased temperature on the left and
hence decreased Sertoli cell proliferation26.

A spurt in BMI was noted in boys at 10 years of
age. The mean age at onset of Puberty and SMR 2
was 11.22 years in the study. There were 33 boys
less than 9 years showing SMR 2 or more who could
be categorised in Pre-cocious puberty group. The
reasonably large number of boys with “Precocious
Puberty” as per existing definition points to an
advancement of age of normal onset of Puberty in
present times due to improved nutrition. But none of
them was overweight or Obese. There were 4 boys
with delayed Puberty, ie, SMR 1 at >14 years and
none of them were underweight. Since there was a
positive correlation of TV with Weight, Height and BMI,
it indicates that nutrition might play a role in Puberty
progression. But no apparent impact of nutrition on
the onset of Puberty could be noted.

Limitations of the study :
The number of boys greater than 15 years of age

was limited (0.02 % of study population). Axillary hair
staging and confirmation of Testicular Volume by
Ultrasonography could not documented.Concomitant
LH/FSH/testosterone values could not be assessed
for the biochemical confirmation of onset of Puberty.

CONCLUSION

In the present study, 977 school going boys
between ages 5  and 17 years in an Urban setting
were studied and data regarding Weight, Height,
Testicular Volume and SMR were recorded. No role of
nutritional status on clinical onset of puberty was noted.
Precocious puberty was observed in  3.38% of boys
(less than 9 years). Hence,  possibility of an earlier

onset of Puberty can be entertained. It is necessary
to generate  a baseline data of age appropriate
Testicular Volume in every population to assess
Puberty and Sexual Developmental Disorders.

Source(s) of Support : Nil
Presentation at a Meeting : Nil
Conflicting Interest : Nil
Acknowledgement : Nil

REFERENCES

1 Kuijper EAM, Kooten J van, Verbeke JIML, Rooijen M van  and
Lambalk CB — Ultrasonographically measured testicular
volumes in 0- to 6-year-old boys. Human Reproduction 2008;
23(4): 7926. .doi:10.1093/humrep/den021

2 Jaiswal VK, Khadilkar V, Khadilkar A, Lohiya N — Stretched
Penile Length and Testicular Size from Birth to 18 Years in
Boys from Western Maharashtra. Indian Journal of
Endocrinology and Metabolism 2019; 23: 3-8.

3 Kaplan SA — Clinical pediatric& adolescent endocrinology.
W.B. Saunders. Philadelphia, 1982; 307-8.

4 Soliman A, De Sanctis V, Elalaily R — Nutrition and pubertal
development. Indian Journal of Endocrinology and
Metabolism 2014; 18 (Suppl 1 ) : S39-47. doi: 10.4103/
2230-8210.145073.

5 Kliegman, Robert — Chapter 132, Adolescent physical and
social development. Nelson Textbook of Pediatrics. Edition
21. Philadelphia, PA: Elsevier, 2020,p 1015

6 Emmanuel M, Bokor BR — Tanner Stages. [Updated 2020 Aug
22]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2020 Jan-. Available from: https://
www.ncbi.nlm.nih.gov/books/NBK470280/

7 Dattani MT, Tziaferi V, Hindmarsh PC  — Evaluation of
Disordered Puberty. Brook’s clinical pediatric endocrinology.
7th ed. Brooks CGD, Clayton PE, Brown RS, editors. 256-65.

8 Joustra SD, van der PlasEM, Goede J, Oostdijk W — New
reference charts for testicular volume in Dutch children and
adolescents allow the calculation of standard deviation
scores. Acta Paediatr 2015; 104: e271-8.

9 Wu FC, Brown DC, Butler GE, Stirling HF, Kelnar CJ — Early
morning plasma testosterone is an accurate predictor of
imminent pubertal development in prepubertal boys. J Clin
Endocrinol Metab1993; 76: 26-31.

10 Biro FM, Lucky AW, Huster GA, Morrison JA — Pubertal
Staging in Boys. J Pediatr 1995; 127: 100-2.

11 Lall KB, Singh S, Gurani M, Chowdhary B, Garg OP — Normal
testicular volume in school children. Indian J Paediatr 1980;
47(5): 389-93.

12 Goede J, Hack WW, Sijstermans K — Normative values for
testicular volume measured by ultrasonography in a normal
population from infancy to adolescence. Horm Res Paediatr
2011; 76(1): 56-64. doi:10.1159/000326057

13 Boben GE, Umapathy P, Ravichandran L, Godfrey DA, Ramani
G, Srinivasan V — Evaluation of testicular volume in children
aged 8-17 years in south India. Indian J Child Health 2016;
3(3): 208-11.

33



Vol 121, No 3, March 2023 Journal of the Indian Medical Association

14 Lawal S, Idris HW, Ibinaiye P, Hamidu AU, Tabari MA, Usman
B, et al — Normative ultrasonographic values for testicular
volumes in Nigerian boys aged 0-15 years. Sub-Saharan Afr
J Med 2016; 3: 71-8.

15 Tomova A, Deepinder F, Robeva R, Lalabonova H, Kumanov
P, Agarwal A — Growth and development of male external
genitalia: A cross-sectional study of 6200 males aged 0 to 19
years. Arch Pediatr Adolesc Med 2010; 164: 1152-7.

16 Matsuo N, Anzo M, Sato S, Ogata T, Kamimaki T — Testicular
volume in Japanese boys up to the age of 15 years. Eur J
Pediatr 2000; 159: 843-5.

17 Marshall WA, Tanner JM — Variations in the Pattern of Pubertal
Changes in Boys. Archives of Disease in Childhood 1970;
45: 13.

18 Chin T, Liu C, Wei C — Testicular volume in Taiwanese boys.
Zhonghua Yi Xue Za Zhi (Taipei) 1998; 61(1): 29-33.

19 Beìres J, Papp G, PazonyiI, Czeize lE — Testicular volume
variations from 0 to 28 years of age. Int Urol Nephrol 1989;
21: 159-67.

20 Hafez AS, Salem SI, Cole TJ, Galal OM, Massoud A — Sexual
maturation and growth pattern in Egyptian boys. Ann Hum
Biol 1981; 8(5): 461-7.

21 Singhi S, Lall KB, Gurnanl M, Garg OP — Age of appearance
of secondary sex characters in Ajmer school children. Indian
I Pediat 1982; 49: 547-52.

22 Wong GW, Leung SS, Law WY, Yeung VT, Lau JT, Yeung WK
— Secular trend in the sexual maturation of southern Chinese
boys. Acta Paediatr 1996; 85(5): 620-1.

23 Papadimitriou A, Stephanou N, Papantzimas K, Glynos G,
Philippidis P — Sexual maturation of Greek boys. Annals of
Human Biology 2002; 29(1): 105-8.

24 Wacharasindhu S, Pri-Ngam P, Kongchonrak T — Self-
assessment of sexual maturation in Thai children by Tanner
photographs. Journal of the Medical Association of Thailand
2002; 85: 308-19.

25 Largo RH, Prader A — Pubertal development in Swiss boys.
Helv Paediatr Acta 1983; 38: 211-28.

26 Hadijat Oluseyi Kolade-Yunusa, Ukamaka D Itanyi, Chiedozie
J Achonwa — Determination of a normogram for testicular
volume measured by ultrasonography in a normal population
boys in Abuja. Orient Journal of Medicine 2017; 29[1-2]:

27 Karlberg J — Secular trends in pubertal development. Horm
Res 2002; 57 Suppl 2: 19-30. doi: 10.1159/000058096. PMID:
12065922.

28 Surana V, Dabas A, Khadgawat R, Marwaha RK, Sreenivas
V, Ganie MA, et al — Pubertal onset in apparently healthy
Indian boys and impact of obesity. Indian J Endocr Metab
2017; 21: 434-8.

29 Campbell BC, Gillett-Netting R, Meloy M — Timing of
reproductive maturation in rural versus urban Tonga boys,
Zambia. Ann Hum Biol 2004; 31(2): 213-27.

30 Daniel WA Jr, Feinstein RA, Howard-Peebles P, Baxley WD
— Testicular volumes of adolescents. J Pediatr 1982; 101(6):
1010-2.

34

Disclaimer

The information and opinions presented in the Journal reflect the views of the authors and not of the Journal or its Editorial Board
or the Publisher. Publication does not constitute endorsement by the journal.

JIMA assumes no responsibility for the authenticity or reliability of any product, equipment, gadget or any claim by medical
establishments/institutions/manufacturers or any training programme in the form of advertisements appearing in JIMA and also does
not endorse or give any guarantee to such products or training programme or promote any such thing or claims made so after.

— Hony Editor


