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Uterine and ovarian parameters in healthy North Indian girls from 5 to 16 years
by ultrasonography
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Abstract

Introduction: Knowledge of uterine and ovarian growth patterns during early age and puberty helps in investigating disorders of
pubertal development i.e. precocious puberty, premature thelarche, or pubarche. There is a paucity of data for uterine and ovarian
parameters.

Aim of the study: The aim of this study is to present normative data for Uterine length, Mean ovarian volume (MOV), and fundo
cervical ratio (FCR) from 5 to 16 years in healthy girls from north India and to correlate these parameters with age, weight, height,
and pubertal Tanner staging.

Material and methods: A cross-sectional observational study was performed on 130 healthy girls age 5 to 16 years. Age, anthro-
pometric parameters were measured and the pubertal stage was categorized using Tanner staging. All subjects underwent pelvic
ultrasonography for the measurement of uterine and ovarian parameters.

Results: Normative data of uterine length, MOV, and FCR were presented as mean, SD, median, and 95% confidence interval as per
age and Tanner stage. A progressive increase in uterine length, MOV & FCR was observed with increasing age, weight, height, and
Tanner stage (p < 0.001). A sudden significant increment in uterine length and MOV was observed between the age of 11-12 and
12-13 years (p < 0.001). Uterine length of < 4 cm, MOV < 2 cm® and FCR < 1 were specific to identify pre-pubertal girls.
Conclusions: Normative data of uterine and ovarian parameters generated in our study by ultrasonography would be useful for

screening girls with abnormalities of pubertal development.
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Introduction

Puberty is a transitional period between childhood and
adulthood, during which a growth spurt occurs, secondary
sexual characteristics appear, internal reproductive organs de-
velop, and fertility is achieved. With the increasing global trend
of precocious puberty in girls, knowledge about normative
growth and the developmental pattern that take place in the fe-
male internal reproductive organs, i.e. uterus and ovaries, dur-
ing early age and puberty using ultrasonography is essential
for investigating disorders of pubertal development, i.e. preco-
cious puberty, premature thelarche, or premature pubarche [1].
Ultrasonography is a rapid, safe, non-invasive, painless, and

accurate method to monitor the growth pattern of the female
reproductive system [2, 3]. Several previous studies have at-
tempted to assess the development of the uterus and ovaries in
the normal population throughout childhood and adolescence
and to provide reference values. However, there is a wide varia-
tion in the results of these studies, which can be attributed to
different geographical locations, the small size of study popula-
tions, limited age range, and limited statistical analysis [4-14].
We, therefore, designed a study to present normative data for
uterine length, mean ovarian volume (MOV), and fundo-cervical
ratio (FCR) from 5 to 16 years in healthy girls from north In-
dia, and to correlate these parameters with chronological age,
weight, height, and Tanner pubertal staging.
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Material and methods

Study structure and population

A cross-sectional study was performed on 130 girls aged 5 to
16 years, who accompanied patients attending outpatient clin-
ics of a tertiary care medical college hospital of northern India.
Girls were considered as normal if their height and weight were
between the 39 and 97" percentile as per IAP growth charts.
Girls with height and weight less than 3¢ and or more than the
97" percentile as per IAP growth charts and who presented with
gynaecological or endocrine disorders, chronic disease, uro-
gynaecological malformation, or pelvic pain, and those who had
the uterus or ovaries surgically removed were excluded from the
study. All healthy, normal girls fulfilling the inclusion criteria were
enrolled and allocated into groups according to age and Tanner
pubertal staging. The study was approved by the institutional
ethical committee, and written informed consent was obtained
from every participant’s parent or legal guardian.

Clinical examination

On the day of the ultrasound, a clinical examination was
performed. Height was measured using a stadiometer to the
nearest 1 mm (Seca model CE123), and weight was measured
to the nearest 0.1 kg, using electronic scales (Dolphin). We
evaluated and classified the stage of pubertal development ac-
cording to Tanner puberty staging from stage 1 to 5 of breast
development [15]. The presence of thelarche (onset of breast
development) was the criteria used to distinguish pubertal from
pre-pubertal girls. In a questionnaire, the girls reported the date
of menarche, and this information was documented. Examina-
tions were not scheduled according to their menstrual cycle.
None of the girls had a history of endocrine, gynaecological, or
cerebral illness.

Transabdominal ultrasound

All girls were given water to drink and were scanned with
a full bladder, which served as an acoustic window. Examina-
tions were performed by a single experienced radiologist, using
a Hitachi Aloka 0.5alpha with a 5.0 MHz curvilinear probe and
a 7.5-12.0 MHz linear probe. At each scan, the uterus (length
from base of the cervix to the apex of the fundus, AP diameter
of the fundus, and AP diameter of the cervix and thickness of
the endometrium) and FCR (FCR = anterior posterior diameter
of the fundus/anteroposterior diameter of the cervix) were mea-
sured. Each ovary was measured in three planes and the ovar-
ian volume was calculated using modified formulae for the pro-
late ellipsoid as advocated by Sample and Lippe [0.5*L*W*H],
where L, W, and H are the 3 maximal longitudinal, anterior-pos-
terior, and transverse diameters, respectively [16].

Statistics

An excel spreadsheet was created from the measured data.
Data were then presented as mean, standard deviation (SD),
median, and 95% confidence interval (Cl) for each age group,
Tanner stage, and pubertal status. The mean values of vari-
ables in different chronological age and of Tanner staging were
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compared by ANOVA and Bonferroni post hoc test. Pearson’s
correlation coefficient and multiple linear regression analysis
were used to detect the relationship between chronological
age, weight, height, and ovarian volume, uterine length, and
fundo-cervical ratio, and p < 0.05 was considered significant.
STATA software for Windows version 15.0 was used for statisti-
cal analysis.

Results

A total of 130 healthy north Indian girls in the age group
5 to 16 years, who satisfied the inclusion and exclusion criteria,
were enrolled in the study. Out of all the girls, 9 were excluded
because their data were incomplete. The remaining 121 girls
(n) were divided into groups as per their age, Tanner stage, and
pubertal status. Forty-eight girls were pre-pubertal, and 73 were
at various stages of puberty. Thirty (mean age — 14.2 years)
of the 73 pubertal girls were menstruating regularly. The mean
age at menarche was 12.4 years.

The ovaries and uterus were visualised in all girls. The mean
volumes of the right and the left ovary did not differ significantly
in each subject; hence, the average volume of both ovaries
([right ovary + left ovary volume]/2) was calculated and used
for analysis. Table | shows the uterine length, ovarian volume,
and FCR in different age groups, with the total number in each
group, the mean, SD, median, and 95% confidence interval.
A progressive increase in uterine length, MOV, and FCR was
observed with increasing age, height, and weight. Chronologi-
cal age, height, and weight were positively correlated with uter-
ine length, MOV, and FCR (p < 0.001 for all). There was a sig-
nificant increase in the uterine length of 4.61 cm at 11-12 years
to 5.47 cm at 12-13 years (p < 0.001) and also in MOV from
0.8 cm?® at 7-8 years to 1.3 cm?® at 8-9 years and 2.08 cm?® at
11-12 years to 3.03 cm3 at 12-13 years (p < 0.001).

Table Il shows the uterine length, mean ovarian volume,
FCR, and endometrial thickness in relation to the Tanner stage
with the number in each group, the mean, SD, and median.
Figure 1 shows the progressive increase in uterine length, MOV,
and FCR with puberty (increase in breast Tanner stage). A sta-
tistically significant correlation occurred between Tanner stage 1
and 2 of uterine length, MOV, and FCR (p < 0.001 for all).

Scan data were also divided as per pubertal status, i.e. pre-
pubertal and pubertal. Uterine length, endometrial thickness,
MOV, and FCR were smaller in girls in the pre-pubertal stage
than in girls in the pubertal stage. Uterine length and MOV
showed the most significant changes across this puberty sta-
tus. The uterine length mean was 3.1 cm in pre-pubertal girls
and 5.4 cm in pubertal girls (p < 0.001). MOV was 0.9 cm? in
pre-pubertal girls and 3.2 cm? in pubertal girls (p < 0.001). FCR
was 1 in pre-pubertal girls and 1.5 in pubertal girls (p < 0.001).

Discussion

Pelvic ultrasonography is the technique of choice for im-
aging normal and pathologic paediatric pelvic structures [7].
It is a non-invasive, radiation-free, inexpensive, and rapid tool



Uterine and ovarian size in Indian girls by ultrasonography
Rozmiar macicy i jajnikéw u indyjskich dziewczat w ultrasonografii

Pediatr Endocrinol Diabetes Metab 2021

Table I. Uterine length, MOV and FCR in relation to age (n = 121)

Age group n  Uterine length (cm) MOV (cmd) FCR

(vears) Mean (SD) Median 95%Cl  Mean (SD) Median 95%CI  Mean (SD) Median 95% Cl
5-6 9 264(029) 2.55 244284 051(0.06) 049  047-0.55 093 (0.56) 094  0.89-0.97
6-7 10 307(0.27) 305  2.89-324 058(0.08 055  053-063 1.02(057) 101  098-1.06
7-8 11 325(0.26) 3.3 3.09-3.41 082(0.15) 0.8 0.73-0.91 1.09(0.13) 1.1 1.00-1.17
8-9 13 351(0.30) 362 334368 131(021) 134  119-143 127(008) 128  1.20-131
9-10 8 375(040) 386  3.46-403 1.80(0.43) 177 150211 132(009) 131  1.26-1.39
10-11 15 397 (0.28) 4.0 382-411 202(0.22) 206  190-213 1.30(0.12) 1.3 1.24-1.36
11-12 9 461(046) 488 430492 208(022) 212 193222 131(0.11) 136  1.23-1.38
1213 14 547 (0.41) 55 525560 3.02(0.45 301 278326 1.46(0.07) 146  1.42-1.50
13-14 8 614(029) 616  593-635 351(0.35 342 326376 151(008 151 1454157
14-15 12 646 (0.41) 652  622-669 439 (076) 404  396-482 168(0.16) 1.71  1.58-1.77
15-16 12 6.94(0.59) 7.03  6.60-7.29 458(0.76) 465 414502 1.78(019) 176  1.67-1.89

N — number of subjects; MOV — mean ovarian volume; FCR — fundo cervical ratio; SD — standard deviation; Cl — confidence interval

Table Il. Uterine length, MOV and FCR in relation to Tanner staging (n = 121)

Tanner n Uterine length (cm) Ovarian volume(cm?3) FCR Endometrial

staging thickness (mm)
Mean (SD) Median Mean (SD) Median Mean (SD) Median Mean

1 48  3.18 (0.40) 3.2 0.93 (0.42) 0.78 1.08 (0.14) 1.01 0.6

2 24 4.12 (0.30) 415 2.02 (0.24) 2.03 1.32 (0.11) 1.34 1.5

3 17 5.36 (0.35) 53 2.84(0.42) 2.84 1.43 (0.05) 1.42 2.3

4 23 6.33 (0.33) 6.34 3.96 (0.59) 3.86 1.61(0.12) 1.6 34

5 9 7.22 (0.42) 7.3 5.06 (0.53) 5.24 1.88 (0.14) 1.9 6.1

P* - < 0.001 < 0.001 < 0.001 -

N — number of subjects; MOV — mean ovarian volume; FCR — fundo cervical ratio; SD — standard deviation

* p value is between stage 1 and 2 of tanner staging

that theoretically can be used for the distinction between pre-
pubertal girls and girls with various forms of sexual precocity.
Precocious puberty is one of the commonest reasons for re-
ferral to a paediatric endocrine unit. With urbanisation, sedentary
lifestyle, and improving nutrition, there is a sharp rise in obesity
in urban India, which may also be contributing to the rising inci-
dence of precocious puberty [17]. There is a 4 to 5 times higher
preponderance of central precocious puberty (CPP) (Idiopathic

mostly) in females [18]. Providing important information about
internal genitalia in the female, ultrasonography could serve as
a complement to the GnRH stimulation test, which is the gold
standard for identifying the central precocious puberty [19, 20].

Our study is original in that we present data on healthy north
Indian girls. There have been limited Indian studies previously
with scarce data regarding standard values for uterine and
ovarian measurements in Indian girls.
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Figure 1. Uterine lenght, MOV and FCR in different stages of breast development

In our study, the ovarian volume, uterine length, and FCR
were positively correlated with chronological age, weight,
height, and Tanner pubertal stage, as has been described in
other studies [6, 9-13].

Because the uterus is not actually shaped like an ellipse
and because its shape changes over time there is a debate
whether the uterine volume is better correlated with age or
uterine length. Some investigators have suggested that more
attention should be paid to uterine length than to uterine vol-
ume because uterine length is better correlated with age than
uterine volume [9, 10, 14], but Badouraki et al. [13] have dem-
onstrated that uterine volume was better correlated with age
than uterine length. We measured uterine length in our study
and showed that it increased gradually throughout childhood
with increasing age. As reported in other studies [12, 14], our
study also showed a sudden significant increment in uterine
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length at 11-12 and 12-13 years (p < 0.001). This is probably
in association with the pulsatility of GnRH.

Some authors state that ovarian growth is influenced by age
and by the onset of puberty [5, 21], whereas others state that it
is influenced only by age [7, 22]. In our study, the difference in
ovarian volume observed in 9- to 13-year-old patients with and
without thelarche shows that both age and puberty affect the
ovarian size. The sudden increment in MOV was observed at
7-8 to 8-9 years and 11-12 to 12-13 years (p < 0.001), prob-
ably due to gonadarche.

FCR was positively correlated with age, weight, and height.
Our study showed a significant increase in the FCR from 1.0 at
7-8 years to 1.27 at 8-9 years (p < 0.01). This finding could be
explained by the fact that the uterus grows faster and also that
the uterine body becomes wider than the cervix after 8 years of
age, producing the typical adult pear-shaped uterus [14].
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With regard to Tanner breast staging, in our study, there was
a statistically significant increase in uterine length, MOV, and
FCR from stage 1 to 5, i.e. all the 3 parameters increased with
puberty (p < 0.001). This is in accordance with previous stud-
ies [3, 12, 14], but Griffin et al. [9] and Bodouraki et al. [13] did
not observe any relationship with the Tanner stage, probably
due to the small number of subjects in the puberty stage. There
was also an increase in mean endometrial thickness with in-
creasing Tanner breast stage.

In our study uterine length, MOV, and FCR were smaller in
girls in the pre-pubertal stage than the pubertal stage. Previous
studies reported that in pre-pubertal girls, the uterine length
should not exceed 3 cm [5]. However, Badouraki et al. [13]
have shown that this cut-off limit should be increased to 4 cm
because in their study more than 97% of the uterine lengths in
pre-pubertal girls were below this limit. In our study, the 95%
confidence interval of 48 healthy pre-pubertal girls had a uter-
ine length below 4 cm. These results concur with the literature
[6, 7, 10, 13]. Similarly, the 95% confidence interval of pre-pu-
bertal girls had MOV below 2 cm?®. Thus, uterine length of less
than 4 cm, MOV of less than 2 cm?, and FCR less than or equal
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