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Abstract. Sexual precocity refers to the appearance of physical and hormonal signs of pubertal development at
an earlier age. It may be considered as the expression of secondary sexual characteristics prior to the pubertal
age in central precocious puberty (CPP), which is gonadotropin-dependent, early maturation of the entire
hypothalamic-pituitary-gonadal (HPG) axis occurs, with the full spectrum of physical and hormonal changes
of puberty. True precocious puberty in girls must also be distinguished from premature thelarche (PT), usually
with breast development before the age of 3 years, and premature pubarche (PA), with the isolated develop-
ment of pubic hair. These conditions are not usually associated with accelerated growth rate or advancement
in bone age. Clinical, laboratory and instrumental evaluations are necessary for the diagnosis. Pelvic ultra-
sound could serve as a complementary tool for the diagnosis, treatment and follow-up of CPP. The interpreta-
tion of clinical, laboratory and strumental data must be performed by an expert pediatric endocrinologist to
maximize the diagnostic value in females with pubertal disorders. (www.actabiomedica.it)
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Introduction

Female puberty is the physiological process by
which a girl turns into a woman as a result of the pro-
gressive maturation of the hypothalamic—pituitary—
ovarian (HPG) axis. In western countries, females
generally enter puberty between 9 and 13 years of age
(1).

Precocious puberty (PP) in girls is traditionally
defined as the appearance of secondary sexual charac-
teristics before the age of 8 years (2).

In most cases, PP is gonadotropin-releasing hor-
mone (GnRH) dependent secondary to idiopathic
premature activation of the hypothalamic-pituitary-
ovarian axis, without any underlying anatomic factors,
also known as central precocious puberty (CPP).

Occasionally, puberty can start early because of
an abnormality in the master gland (pituitary) or the

portion of the brain that controls the pituitary (hypo-
thalamus) (3).

The frequency of CPP ranges between 1/5,000~-
1/10,000 (4). It is more common in girls compared to
males, with a female/male ratio of 3/1 and 23/1 (4,5).

The GnRH-independent forms are secondary to
adrenal, gonadal, ectopic excessive hormone produc-
tion, or exogenous sex steroids intake (3).

These conditions may cause early epiphyseal mat-
uration with compromised final height as well as psy-
chological stress (2,6,7). Therefore, an early diagnosis
and a proper management are essential (2,8).

In the diagnostic process of PP is important to
differentiate this form by other conditions, such as:
premature thelarche (PT) and premature adrenarche
(PA) (9). However, these conditions do not acceler-
ate bone maturation and do not require therapy with
GnRH agonists (GnRHa) (3).
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The clinical hallmark of PT is isolated breast de-
velopment without other signs of puberty in the set-
ting of normal growth and normal skeletal maturation
(10). Classic clinical findings include breast Tanner
stage 2-3 with immature nipples and unestrogenized
vaginal mucosa (10). This condition is benign and usu-
ally requires only clinical observation (11). PA refers
to isolated body hair (pubic and/or axillary) with or
without mild acne and adult body odor. It is believed
to arise from a normal maturational process within the
zona reticularis of the adrenal glands resulting in the
rise of adrenal androgen concentrations which are then
converted to testosterone in the periphery (12).

The GnRH stimulation test is considered the
gold standard to distinguish between the intermedi-
ate forms of precocious puberty that are not suitable
for treatment with GnRHa, and CPP (1). Although
the GnRH stimulation test exhibits high specificity, its
sensitivity is relatively low (13% of cases of PT may
progress to CPP in later times) and the diagnostic cut-
off used for the diagnosis of CPP are non-consistent.
In general a stimulated luteinizing hormone (LH)
value > 4-5 TU/L or an LH peak/ follicle stimulating
hormone (FSH) peak > 0.6, after GnRH test, using
ultrasensitive automated chemiluminescence assays,
is considered positive for an activation of HPG axis
(13,14). When the cut-off value for the peak LH/FSH
ratio was taken as > 0.24, the sensitivity was found to
be 100% and specificity was found to be 84% (9). FSH
estimation is in general not helpful causeof the con-
siderable overlap of prepubertal values withpuberty
(1,13,14). Therefore, when the results of the GnRH
stimulation test are ambiguous, pelvic ultrasound (PU)
can be used as an additional tool for the diagnosisof
CPP.

PU has some well-known advantages, includ-
ing being non invasive, inexpensive, readily available,
radiation-free, and reproducible, and is a very useful
diagnostic tool for evaluating the pediatric and ado-
lescent female pelvis. It provides detailed information
about the size of the uterus and ovaries, fundo-cervical
ratio, endometrial thickness, and size and distribution
of ovarian follicles (3).

Several investigators have documented increases
in uterine and ovarian volume in childhood, with an
increase in the number and size of the developing fol-

licles during pubertal development (1, 15, 16). There-
fore, various investigators have attempted to evaluate
the role of PU in differentiating between girls with PT
or PA and subjects with sexual precocity (9, 16,17).

Magnetic resonance imaging (MRI) of brain
should be required, to investigate possible hypotha-
lamic-pituitary lesions, particularly in presence of
young age, rapid pubertal progression, and high estra-
diol concentrations.

The aim of the present review was to evaluate the
role of PU in the differential diagnosis of pubertal pre-
cocities and in the management of CPP.

Pelvic ultrasound (PU) in pediatric age

PU is performed by the transabdominal approach
using a conventional, full-bladder, 3.5-5 MHz con-
vex transducer. The uterus and ovaries are visualized
in both transverse and longitudinal sections. The most
important parameters that must be assessed are:

- uterus: length, transverse diameter (width), en-
dometrial thickness, fundal anteroposterior diameter,
cervical anteroposterior diameter and volume. The ra-
tio between the fundal and cervical diameters is cal-
culated.

-ovaries: weight, width, length, number of folli-
cles, maximal diameter of largest follicle and volume
(18).

- theuterine and ovarian volume can be calculated
by the formula for ellipsoid:volume = length x anter-
oposterior diameter x transversediameter x 0.5233.

The size and shape of the uterus and ovaries de-
pend on age and hormonal stimulation.

Maternal and placental hormones determine rela-
tive enlargement of the uterus and ovaries in newborns.
The neonatal uterus is prominent, usually showing a
prevalence of the neck on the body, with well-visible
endometrial rhyme and thickened myometrium; its
size decreases after the first weeks/months of life (19).

An endometrial echo is found in 97% of infants
aged less than 1 week, and in 50% of girls aged less
than 6 months (20).

During childhood there are no changes in shape
and size until the age of 7 years: the uterus is cylindri-
cal, the size of the cervix is bigger than the body with
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a body/neck ratio = 1:2 (infantile uterus). It is not pos-
sible to see the endometrial rhyme(19).

From 7 years onwards, the uterine growth is slow
and progressive and the body: neck ratio is 1:1 (tran-
sitional uterus); if viewable, the endometrial rhyme is
thin (18,19).

At puberty, they undergo progressive increases in
size which are clear correlated with the pubertal stages
(2,21); the body grows more than the cervix causing
the classic pear appearance with a body: neck ratio
of 2:1 (post-pubertal uterus). Endometrial thickness
greater than about 2 mm is visible (Figure 1).

The presence of ovarian follicles (microcysts) at
any age is physiologic, merely indicating an ovulation
and FSH activation. The follicular diameter in prepu-
bertal girls usually ranges from 2.0 to 9.0 mm. How-
ever, the occasional presence of large follicles (up to 12
mm) in this age group, owing to lower levels of gon-
adotropin secretion, limits the usefulness of follicular
diameter measurement in the assessment of pubertal
status (2,22).

Pelvic ultrasound (PU) in precocious puberty

PU is a diagnostic component for the evalua-
tion for PP. The diagnosis of premature maturation
of HPG axis is supported by ultrasound findings sug-
gestive of mature ovarian and uterine structure. As
would be expected, girls with CPP have larger uter-

Figure 1. PU in post-pubertal girl, 13 years old: body size of the
uterus larger than the neck [4.6 cm vs 2.5 cm respectively, with
a fundus (F)/cervix(C) ratio of 2:1], it is visible the endometrial

thickness (Personal observation).

ine and ovarian volumes as compared to girls who are
prepubertal and girls with PT (23).

Various study showed that findings such as in-
creasing ovarian and uterine size, a thickened endo-
metrial stripe, or presence of mature follicles within
the ovaries reflect activation of the pubertal axis, sup-
porting the diagnosis (24).

This is an important diagnostic data that sup-
ports the clinician in his decision to perform or not
further laboratory (GnRH test) or diagnostic inves-
tigations.

However, diagnostic thresholds for uterine and
ovarian volumes are variable and it is possible to have,
in early stages of pubertal development, an overlap
between patients with CPP and other benign variants
(9,23,25,26).

In the CPP group, pelvic US measurements had a
stronger positive correlation with bone age than with
chronological age, indicating these parameters were
affected directly by what triggers the early maturation
of bone, e.g., early gonadotropin secretion (3).

Badouraki et al. (9) reported uterine length was
the best parameter for distinguishing between CPP
and PT cases, a cutoff of 3.19 cm and of 3.83 cm
gave sensitivities of 85.7 and 82.4% and specificities
0f 91.7 and 90.9% for the 0 to 6 and >6 to 8 years age
intervals, respectively.

Wen et al. (27) showed that uterine length is the
third most eflicient parameter for diagnosis for CPP
for the >8 to 10 years age interval, a cutoff of 2.45
cm gave a sensitivity of 84.21 and specificity of 88 %.

The fundus/cervix ratio was reported as an im-
portant parameter of the pubertal uterus (28-30). In
puberty, hormonal influences on the uterus made the
fundus prominent with a fundus/cervix ratio greater
than 1. Previous studies reported a bigger fundus/
cervix ratio in the CPP group (9,28,31). (Figure 2).

However, in other reports there were no signifi-
cant differences in the fundus/cervix ratio between
the CPP and PT group (16,28). In the study of Yu et
al. (28), the fundus/cervix ratio was 1.49+0.46 in the
CPP group and 1.50+0.59 in the PT group, without
significant differences.

The uterine endometrial echogenicity may be of
help in the diagnosis of CPP, although it was highly
specific, but less sensitive (2,31) (Figure 3).
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Figure 2. Size of the uterus in children with CPP, 6,8 years
old; uterine length about 5,9 cm, with fundus (F)/cervix (C)
ratio greater than 1 (fundus 4,5 cm/cervix 1,4 cm). (personal
observation)

Figure 3. Endometrial thickness of about 3 mm in a children
with CPP, 6 years old (Personal observation).

Wen et al. (27) found that endometrial thickness
is an important parameter to distinguish CPP from
normal girls in the 8-10 year range. The cut-off of ap-
proximately 0.26 cm had a sensitivity of 76.92% and a
specificity of 100%.

In Yu’s study (28), endometrial echogenicity was
observed in only one case with advanced CPP, sug-
gesting that the assessment of this parameter is less
useful in the early stage of puberty. Therefore, it is
necessary to combine multiple ultrasound parameters
with clinical manifestations and sexual hormone levels
for the diagnosis of CPP (32).

Various studies have shown that ovarian enlarge-
ment is an important test for the diagnosis of PP. Yu et
al. (32) showed that ovarian volume was increased in
CPP patients compared with the control group. Ovar-
ian maturation has been promoted by increased FSH
secretion, therefore bilateral ovarian volume increase
is an important and early indicator of PO, and is very
useful for its diagnosis. In previous studies, mean ovar-
ian volume and ovarian area were greater in the CPP
group (9, 24,31,33,34) (Figure 4).

Regarding the cutoff value for the clinical appli-
cation of PU, Haber et al. (29) suggested a cutoff value
with high sensitivity and specificity, with a uterine
volume cutoff value of 1.8 mL, ovarian volume of 1.2
mL, and uterine length of 3.6 cm® De Vries et al. (31)
suggested ovarian volume cutoff value of 2.0 mL, with
88.8% sensitivity and 89.4% specificity, and a uterine
length cutoff value of 3.4 cm, with 80.2% sensitivity

Figure 4. Increased ovarian volume in a 6-year-old girl with CPP: right ovary (RO) 2,2 ml, left ovary (LO) 3,04 ml with multicystic

aspect (Personal observation).
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and 57.8% specificity. Binay et al. (35) suggested a
uterine length cutoff value of 3.0 cm (93.1% sensitivity,
86.6% specificity) and an ovarian volume cutoff value
of 1.3 mL (72.7% sensitivity, 90.0% specificity). Lee
et al. (36) showed that uterine length showed 33.33%
sensitivity and 79.79% specificity in the case of a cutoff
value of 4.09 cm. Uterine volume showed 64.18% sen-
sitivity and 71.79% specificity in the case of a 3.3-mL
cutoff value, and ovarian volume showed 85.00% sen-
sitivity and 26.09% specificity in the case of a 3.5-mL
cutoff value.

Reasons for the differences of cutoff values may
be ethnic differences, size differences, interpersonal
variations of radiologists and performance differences
among ultrasound graphic machines.

To overcome this variability, in some recent stud-
ies, some authors have proposed the study of the uter-
ine artery via spectral Doppler US as a useful and
objective method to identify the stages of organ de-
velopment (37-39). The pulsatility index (PI), which
is calculated as (systolic peak - diastolic peak) / time-
average flow velocity, is an expression of vascular com-
pliance in the uterine artery. This idea comes from the
evidence of the important action of circulating estro-
gen in reducing vascular resistance and, consequently,
the PI values. This mechanism, together with the in-
direct action of circulating LH, which stimulates the
production of neoangiogenic growth factors, results in
an overall increase in uterine blood flow that could be
responsible for the increase in size of internal genitalia
that is observed during puberty (37). However, larger
and long-term studies are needed to evaluate the diag-
nostic efficacy of this new parameter.

In summary, the data of literature show that girls
with PP demonstrate significantly higher ultrasono-
graphic measurements of the uterus and ovaries com-
pared to normal girls and to girls with PT and PA. PU
could be a supplement of the GnRH stimulation test
and more acceptable by PP girls and their parents, for
its non-invasiveness and speed of execution. However,
it would be of particular importance to evaluate pre-
cise cut-off values, as well as to investigate intra- and
interobserver variability of ultrasound technique, and
change in different populations.

PU compared with GnRH test

As already stated the GnRH stimulation test is
regarded as the gold standard for a diagnosis of CPP.

In the last few decades many authors compared
the PU findings of ovaries and uterus with GnRH
stimulation tests in assessing the pubertal status
of young girls who were evaluated for PP (1,15-
17,31,39).

The data of literature showed that a normal en-
dometrial echogenicity and normal uterine volume,
reflecting an infantile morphology, were useful sono-
graphic parameters to exclude the activation of the
HPG axis.

Three studies compared the diagnostic values of
ultrasound versus the GnRH test (1,17,31). Although
the concordance between these two parameters was
good, the PU parameters resulted more sensitive.

De Vries et al. (31) showed that an uterine trans-
verse diameter greater than 1.5 cm and an uterine vol-
ume greater than 2.0 ml were better predictors of PP
than the peak of LH after GnRH stimulation test.

Battaglia et al. (1) showed that sonography proved
to be a test of high value in the diagnosis of female
precocious puberty. Increased uterine volume (> 4 mL)
and the presence of a midline endometrial echo dem-
onstrated adequate specificity (87% and 86%, respec-
tively), good sensitivity (87.5% for both parameters)
and high concordance with the GnRH-stimulation
test (93% and 91%, respectively). These data are in ac-
cordance with those of Haber et al. (17) and show that
no significant overlap exists between true PP and other
premature pubertal anomalies.

Nevertheless, an absolute comparison between
GnRH test results and PU is difficult due to the dif-
ferent roles of these diagnostic tests.

Garibadi et al. (40) used the GnRHa stimula-
tion test (20 pg/kg, Leuprolide acetate s.c., followed
by 24-h serial sampling) to investigate the relationship
between gonadotropin and estradiol (E2) secretion in
the early phase of female CPP. Their data suggest that
girls with CPP in the early phase of activation of the
HPG axis are capable of clinically relevant E2 produc-
tion, which may occur in the face of low LH secre-
tion and low LH/FSH ratios and cannot be explained
solely on the basis of increased FSH secretion.
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In contrast, PU alone did not distinguish between
prepubertal females and those in the early stages of
puberty (24).

PU in the management of response to therapy

The objectives of CPP therapies are to inhibit
premature sexual development, to improve impaired
adult height due to the advance of bone age (BA),
and to prevent psychosocial problems associated with
prematurity and early menarche. GnRHa, which are
a high-active derivatives of GnRH, have been used in
the treatment of CPP for more than 20 years and are
the mainstayin achieving all the treatment goalswhen
used in the appropriate clinical setting. These drugs
suppress gonadotropin secretion through a desensi-
tization and down-regulation of GnRH receptors,
leading to reduction of gonadal steroids to prepuber-
tal levels. Good predictors ofheight outcomes, include
younger chronological age (CA), younger BA, greater
height standard deviation score for CA at initiation of
therapy and a higher predicted adult height using Bay-
ley-Pinneau tables (41). GnRHa should generally be
continued till 11 years age, when pubertal progression
is more likely to commensurate with peers (42).

At the present, monthly depot preparations are
usually employed, at least in Europe. Quarterly and
yearly depot formulations of GnRHa are now availa-
ble, having potential advantages in improving compli-
ance and the quality of life of children under treatment
(43,44,45).

Monitoring during GnRHa treatment is impor-
tant to prevent an inadequate outcome possibly result-
ing from various factors, including poor adherence or
ineffective administration, but as yet although there
are no definitive standard criteria for assessing the
adequacy of the suppression obtained (40), a random
LH level < 0.6 IU/L or a GnRHa-stimulated peak LH
level < 4 IU/L, using modern ultrasensitive automated
chemiluminescence assays as long as physical exam,
growth rate, and rate of bone age progression, are con-
sistent with suppression (46).

Various investigators suggested that the uterine
and ovarian structural parameters decreased after Gn-
RHa treatment (32, 47-52) .

PU was systematically performed on 33 girls with
idiopathic CPP to investigate the impact of treatment
with GnRHa on female internal genitalia. All girls were
treated with a long-acting GnRHa (Depot Triptore-
lin, 75 pg/kg every 4 weeks, IM preparation). Before,
during, and after treatment, PU was performed and
ovarian and uterine volumes were calculated. Within
3 months of treatment, both ovarian and uterine vol-
umes decreased significantly (p: < 0.01) to normal val-
ues appropriate for age. Median ovarian volume, after
3 months of treatment, was 0.0 SD (range -2.4 to 1.5
SD); median uterine volume was 0.7 SD (range -0.6 to
4.1 SD). Ovarian and uterine volume remained within
normal range (< 2 standard deviation scores) after dis-
continuation of treatment. Follicles and macrocysts
regressed during treatment. None of the girls’ ovaries
had a polycystic appearance during or after treatment
with the gonadotropin-releasing hormone analogue.
These results confirmed PU as a reliable tool for inves-
tigation of internal genitalia in girls with PP and as a
valid method for evaluation of the efficacy of treatment
with GnRHa (53). Repeated investigations should be
performed when evaluating treatment because during
treatment with a GnRHa changes in uterine size are
slow in spite of a satisfactory and rapid control of es-
trogen secretion (54).

Conclusion

PU examination can be used as an auxiliary means
to distinguish normal girls from those with varying
degrees of precocious puberty andmay serve as a use-
ful preliminary step in selecting patients who require
GnRH testing. Ovarian parameters are sensitive to
hormonal stimulation and increase significantly at the
early (isolated) stage, whereas cervical length, width,
uterine length, endometrial thickness, and average
maximum diameter of largest follicle do not increase
significantly until at the CPP stage (27).

The combination of GnRH stimulation test and
PU can improve the diagnostic accuracy of CPP and,
consequently, the indications for an early and appro-
priate GnRHa treatment. The enlarged uterine length,
increased ovarian volume with multiple small follicular
cystsand advanced bone age usually represent the ex-
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posureto estrogenic effects due to activation of HPG
axis.

There is no systematic strategy for monitoring
whether adequate suppression of the HPG axis has
been achieved in children being treated for CPP (55).
Although there is unanimity regarding the value of
auxologic indices such as growth velocity, Tanner stag-
ing, and skeletal maturation, no agreement exists on
the need for biochemical measures of treatment effi-
cacy (56). Although efforts aimed at determining the
optimal strategy for monitoring treatment and time
for discontinuation of GnRHa therapy are still need-
ed, PU may provide an additional easy, convenient and
objective modality for monitoring and assist in adjust-
ing the treatment plan during the GnRHa treatment.

The interpretation of clinical, laboratory and stru-
mental data, in a female with a pubertal disorder, must
be performed by an expert pediatric endocrinologist to
maximize their diagnostic and therapeutic values.
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