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Introduction

Over the past several years, sonography has become an important imaging method for the 

evaluation of pelvic diseases in the paediatric population. An accurate assessment of uterine and 

ovarian size and morphology is often necessary in the diagnosis and management of paediatric 

and adolescent disorders of the reproductive system. Ultrasonography has proved to be a simple, 
rapid, harmless and non-invasive method to identify and visualize normal and pathologic pelvic 

structures in a wide variety of clinical circumstances including the evaluation of congenital 
anomalies, disorders of puberty, menstrual irregularities, pelvic masses and pelvic pain. Most 
frequently, it is used in the diagnosis and management of menstrual irregularities, disorders of 

puberty and ovarian cysts.

Standards for normal uterine and ovarian morphology and biometry at various ages are 

essential in the investigation of gynecological endocrinological disorders such as amenorrhea 

and various menstrual irregularities or disorders of puberty, since the changes in the 

endocrinological parameters can alter the uterine and ovarian volume and morphology.
Reference values of uterine and ovarian size and morphology have been reported by several 
authors. First, only a limited number of patients were examined and the division of age groups 

appeared too large to allow an accurate assessment of the age-related uterine and ovarian 

changes (1,2). Moreover, the visualization of the ovaries was often impossible in younger 

patients and no attempts were made to display ovarian morphology using static scanning 

methods. To assess normal uterine and ovarian size and appearance, real-time sector scanner was 

used by Orsini et al. They established standard values in girls from age 2 to 13 (3). Studying the 

relation between these parameters and puberty as well as hormone concentrations Salardi et al. 
found a significant partial correlation only between uterine volume and estradiol concentration in 

pubertal girls (4). In addition Orsini et al. determined an ultrasonic staging system, similar to the 

classical breast and pubic hair stages (5). A great number of girls were examined by Bridges et 
al. to delineate the changes in ovarian volume during childhood and adolescence and to construct 
standards (6). Apter et al., besides evaluating the uterine and ovarian volumes and morphology, 
compared these values to plasma concentrations of luteinizing hormone (LH), follicle- 
stimulating hormone (FSH) and estradiol during normal female pubertal development. In
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premenarcheal girls, they found correlation between uterine and ovarian size and hormone 

concentrations (7).
There is a confusion in the definition of the cystic appearances of the ovary in the 

literature. According to Orsini et al. ovary is 1. homogeneous: if no cystic structures are 

detectable in the ovary, 2. microcystic: if four or more cysts are clearly visible, not exceeding 9 

mm in size, 3. macrocystic: if one or more cysts exceeding 9 mm are present (3). Microcystic 

structure began to be visible at the age of 4 years and became progressively more frequent until 
age 11. By 12 years of age, the structure was characterized by a dominant follicle, greater than 9 

mm and the microcystic structure was still present but in decreasing proportion (8). Ventoruli et 
al. consider ovary as muhifollicular, if multiple (four or more) cystic areas not exceeding 5-10 

mm in diameter were imaged in the ovary and polycystic, if there are multiple cysts (10 or more) 

3-8 mm in diameter arranged peripherally or located in the inner part of the ovary with an 

increased amount of stroma (9). Multifollicular ovaries are typically found in postmenarcheal 
girls. Their frequency, which begins to increase around the chronological age of 9, becomes 

dominant around the menarche and during the first gynaecological years, when between 30% to 

50% of girls show this ovarian aspect. In the absence of ovulation, a large number of follicles 

develop simultaneously at varying degrees and usually become atretic up until the full 
development of the hypothalamic-pituitary-o varian interplay (10). Its development is associated 

with high amplitude nocturnal pulses of LH and FSH but daytime gonadotropin pulses of low 

frequency and amplitude (11).

Multifollicular ovaries were found to be present also in higher percentage in adolescents 

with menstrual irregularies compared to that of eumenorrheic subjects (12). The multifollicular 

appearance seems to be strongly linked to high ovarian volume and high LH and androgen levels 

(13). In a later report, Venturoli et al. define the ovarian appearance connected with adolescent 
irregular menstrual cycle rather polycystic (9). Multifollicular ovarian appearance was observed 

in women with weight-loss-related amenorrhea, with normal serum LH but reduced FSH 

concentrations (11). The same ovarian morphology and smaller volume was found in patients 

with anorexia nervosa (14).
The authors, who study the relation between ovarian volume and morphology and 

endocrine parameters in juvenile menstrual irregularities, often do not determine the type of
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menstrual disorders, however these do not even have severally a completely homogeneous 

background. Although the majority of irregular bleedings originate from anovulation, in the 

background of anovulation there could be either normal or low gonadotropine and sex steroid 

concentration and elevated LH and androgen concentration (15). The most common juvenile 

menstrual disorders are dysfunctional uterine bleeding (DUB), oligomenorrhea and secondary 

amenorrhea, the latter has the most heterogeneous endocrine background (16). Their importance 

and management are different, particularly in respect of later fertility. While the occurrence of 

DUB significantly decreases for gynaecological years, the prevalence of oligomenorrhea hardly 

changes (17). Besides, it is well-known that polycystic ovary syndrome originates during 

adolescent years (18). The management of the majority of oligomenorrhea and one part of 

secondary amenorrhea is not completely clear yet.

Pelvic ultrasound is well established in the management of sexual precocity in girls. It 
can help in the diagnosis of various types of precocious puberty, premature telarche and 

pubarche and in assessing the response to therapy. Salardi et al. noted an increased ovarian 

volume compared to age-matched controls, and an increase in the proportion of ovaries with 

cystic appearance in girls with untreated central precocious puberty (8). Enlarged follicles or 

microcysts have been described in premature thelarche (19). The increased uterine and ovarian 

volumes regress to normal or slightly above normal while the child is on therapy (20). According 

to Bridges et al. in girls treated with GnRH analogue the ovaries did not return to volume 

appropriate for age. Central precocious puberty, or some aspect of its treatment, results in an 

increased prevalence of polycystic ovarian appearance (21).

Since the introduction of sonography, the number of detected ovarian cysts in neonates, 
children and adolescents has increased (22). Ovarian cysts are fairly common in neonates 

resulting from exaggerated follicular development stimulated by the maternal hormones (23). 
The incidence of ovarian cysts decreases in early childhood (24) and increases again as puberty 

approaches. In adolescents, simple cysts are very common, resulting from anovulation and 

persistence of remaining follicle (22), and therefore may be associated with irregular bleeding. 
Considering that sonography can provide information on the nature of the cysts, (25) and 

because malignancy is very rare at this age, (26) the treatment of the ovarian cysts has become
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more conservative than before. Recently, indications for surgical intervention have been limited
(27).

The objective of this work is to establish the sonographic standards for normal uterine 

and ovarian volume and morphology and to determine the endocrinological parameters at various 

ages in our population. Moreover, the correlation between the uterine and ovarian volume and 

the endocrinological parameters, the pubertal stages, the height and the weight of the girls has 

been studied. In various menstrual irregularities (DUB, oligomenorrhea, secondary amenorrhea) 

the mean uterine and ovarian volume and morphology and the mean plasma hormone levels have 

been established. In secondary amenorrhea the correlation between uterine and ovarian size and 

plasma hormone concentrations have been examined. In precocious puberty the uterine and 

ovarian size and appearance before and during therapy have been determined. In girls with 

ovarian cysts, the characteristics of the cysts and the related symptoms have been analyzed. The 

effectiveness of expectant management, hormonal treatment, and surgical therapy in connection 

with the symptoms and characteristics of the cyst has been evaluated.
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Materials and Methods

Data of 845 girls were evaluated. All patients were treated at the Paediatric and 

Adolescent Gynaecological Unit of the Department of Obstetrics and Gynaecology at the 

“Haynal Imre” University of Health Sciences. 573 girls (group I.), aged between 1-18 years, with 

minor, non-endocrinologic conditions were considered as healthy population. 147 girls (group 

II.) suffered from various functional irregular bleeding, including 50 girls with dysfunctional 
uterine bleeding (DUB) (average age of 13.6 years), 43 girls with oligomenorrhea (average age 

of 15.7 years) and 54 girls with secondary amenorrhea (average age of 16 years). The control 
groups included healthy girls of the same age. 6 girls (group П1.), aged from 1 to 7 years, had 

true precocious puberty treated by GnRH analogue, triptorelin (Decapeptyl depot, 75ug/kg 

monthly). In 119 girls (group IV.), aged from 5 to 18 years, ovarian cyst was detected by 

ultrasound. Only five girls were premenarcheal. Patients with co-existing menstrual irregularities 

received hormonal therapy namely norethisterone (Norcolut, 10mg/d for 10 days) and / or 

clomiphene-citrate (Clostilbegyt, 50mg/d for 5 days) and one part of patients with abdominal 
pain were given norethisterone.

Girls were evaluated for the following parameters: weight, height, pubertal stage (breast 
and pubic hair) according to Tanner. Obesity and asthenia were defined by the help of Kaup’s 

index (weight in grams divided by height in centimetres2). In cases of obesity the index was 

above 2.4 while in asthenia it was under 1.8. Hirsutism was determined according to Ferriman 

and Gallway classification.
The plasma FSH, LH, estradiol and testosterone levels were measured by fluoro- 

immuno-assay (Delfia, Wallac, Turku, Finland) and the plasma androstenedione levels by radio- 

immuno-assay (Ortho-Clinical-Diagnostics, Amersham, Texas, USA). Blood samples were 

collected between 8.00 and 10.00 in the morning, on the sixth to ninth days of the cycle in the 

oligomenorrheic and healthy menstruating girls and independently of the cycle in DUB patients, 
amenorrheic groups and healthy girls before menarche.

Ultrasonography was performed with full bladder technique using 3.5 MHz real-time 

sector scanner (Kranzbühler Sonoscope 30, Solingen, Germany) by the same examining person 

on the very day of the hormonal sampling. The largest length, width and thickness of the uterus 

and ovary were measured and their volumes were calculated by the formula for prolate ellipsoid
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(0.5233 x length x width x thickness) (1,5,8). Ovaries were considered multifollicular according 

to the definition of Venturoli et al. (9). Both ovaries were visualized in 80% of all cases, in the 

remaining cases the right ovary was more often seen than the left. There was no significant 
difference between the left and the right ovarian volumes in the groups examined. In girls with 

precocious puberty, the uterine and ovarian volumes were measured before and during the 

treatment (between 2 months and 1 year after the beginning of the therapy). In girls with ovarian 

cysts, follow-up examinations were made after two or three weeks. Ovarian cysts were 

categorized as simple or complex using Nussbaum’s classification.
Statistical analysis was performed by two-tailed Student’s t test and linear regression 

analysis. A p value < 0.05 was considered statistically significant. Results are expressed in mean 

±SD.
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Results

Part I. The mean uterine and ovarian volumes in various ages of healthy girls are 

demonstrated in Table 1. The uterine volume is roughly stable till 8 years of age, then it begins to 

increase slowly in the 9 and 10 years of age and progressively from 11 to 14 years. From 15 to 

18 years of age the uterine size increases more but moderately.

Table 1. Mean uterine and ovarian volumes at various ages in healthy girls (±SD).

Mean uterine volume Mean ovarian volume
(mm3)

Age
(years) (mm3)

1 (n=7)
2 (n=10)
3 (n=14)
4 (n=14)
5 (n=21)
6 (n=26)
7 (n=41)
8 (n=37)
9 (n=25)
10 (n=39) 
11(n=38) 
12(n=42)
13 (n=49)
14 (n=43) 
15(n=48)
16 (n=47)
17 (n=41) 
18(n=31)

578+1482111±571
468123614551565
585134614611348
503118113821535
620122216321789
670132219161783
603133516581847
773143618251780
972173622451887

420613075 13471826
22681134114402114350
32481180719733117187
43391173433683117394

44180120187 496911717
46794117248 567011649
47897117338 602511590
50315117398 600511787

59791198654863115386
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The ovarian volume increases very slightly till 7 years of age, more rapidly at ages 8 and 9 and 

significantly from 10. From age 16 the ovarian volume is approximately stable. The tendencies 

of the uterine and ovarian growth are demonstrated in Figure 1.
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Figure 1. The changes in mean uterine and ovarian volumes of healthy girls from age 1 to 18.
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The multifollicular appearance of the ovaries was visualized first at 4 years of age (Figure 

2.) The prevalence of it is stable till 7 years of age (7-12%). At age of 8 the occurrence of 

multifollicular ovaries increases and is nearly similar till 12 years of age (19-26%). From age 13 

their prevalence is variable, but lower.
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Figure 2. The prevalence of multifollicular ovaries (MFO) in healthy girls at various ages.

Table 2. shows the mean basal plasma hormone levels at various ages. The mean plasma 

FSH and LH levels are approximately unchanged till 9 years of age. The FSF1 levels increase in 

ages 10 and 11 and after that do not change significantly till age 18. The change in the plasma 

LH level is more considerable in ages 10 and 11. From age 12 to 18 a very slow increase was 

observed in basal LH level. The significant changes in the plasma estradiol, testosterone and 

androstenedione levels were detected one year later than that in gonadotropin levels, namely in 

age 11. The basal plasma estradiol levels do not change between ages 1 and 10 and between 11 

and 18. The testosterone levels increase slowly till age 10. After the rapid change in age 11, the 

testosterone levels increase slowly till 16. The androstenedione levels increase continuously till 

age 10 and after the significant changes they increase very slowly with age. (Figure 3.).

-
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Table 2. The mean plasma FSH, LH, estradiol, testosterone and androstenedione levels in 

healthy girls (±SD).

Estradiol
(nmol/l)

AndrostenedioneTestosteroneFSH LHAge
(years) (nmol/l) (ng/ml)(U/l) (U/l)

1 (n=3)
2 (n=4)

3 (n=5)
4 (n=6)
5 (n=7)
6 (n=10)
7 (n=10)
8 (n=9)
9 (n=ll)
10 (n=9)
11 (n=10)
12 (n=ll)
13 (n=ll)
14 (n=9)
15 (n=6)
16 (n=8)
17 (n=10)
18 (n=7)

0.09+0.02. 0.13+0.060.1 ±0.0 0.06Ю.011.4±0.4
0.08±0.03 0.17±0.090.04±0.022.4±1.4 0.2±0.1
0.08Ю.02 0.26±0.250.2±0.2 0.09±0.042.5+Ю.4

0.18±0.160.25±0.160.3±0.2 0.06+0.032.1 ±0.7
0.10±0.10 0.30±0.100.2±0.2 0.06±0.032.5±1.4

0.38±0.140.06±0.03 0.17±0.160.3±0.51.5±0.7
0.59±0.280.05±0.04 0.23±0.221.3±0.8 0.2±0.1

0.11 ±0.03 0.45+0.180.2±0.2 0.07±0.041.6±0.7
0.66±0.170.06±0.03 0.25±0.151.9±1.2 0.2±0.4

0.26±0.22 0.68±0.282.7±2.6 1.1±2.3 0.07±0.02

1.51±0.78 1.51±0.374.9±2.2 3.5±2.8 0.2Ш.12
4.6±1.9 0.19±0.10 1.26±1.43 1.58±0.435.2±4.5

2.09±0.594.6±1.8 4.8±2.5 0.17±0.08 1.80±1.11
1.54±0.525.8±1.3 0.15±0.05 1.58±0.955.1±2.3

4.2±2.6 4.3±2.3 0.20±0.08 2.01±1.11 2.06±0.62
6.0±1.2 2.60±0.525.9±2.9 0.16±0.06 2.75±0.65
5.5±2.6 6.2±2.9 0.21±0.06 2.72±0.86 2.20+0.33

5.9+1.5 6.2±2.4 0.21 ±0.06 2.20±0.34 2.60±0.50
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Figure 3. The changes of mean plasma hormone levels in healthy girls from ages 1 to 18. 

(The tenfold values of mean estradiol levels are represented.)
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The uterine and ovarian volume and the plasma hormone concentrations were evaluated 

in the various pubertal stages using breast development and pubic hair growth as the indices. The 

ages of girls were from 8 to 16 years (n=368). Marked increase in the uterine volume was 

observed between the second and third as well as the third and fourth pubertal stages. The 

ovarian volumes increase continuously in the various pubertal stages (Figure 4.). Marked 

increase in the plasma hormone concentrations was observed mainly between the second and 

third pubertal stage (Figure 5., 6.).
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Figure 4. The mean uterine and ovarian volumes in the various Tanner stages.
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Figure 5. The mean plasma FSH and LH levels in the various Tanner stages.
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Significant positive correlations were found between the uterine volume and weight and 

height of girls as well as the plasma estradiol, testosterone and androstenedione concentrations 

from age 1 to 18. Similarly significant correlations were seen between the ovarian volume and 

the weight and height of girls as well as the plasma FSH, LH, estradiol, testosterone and 

androstenedione levels from age 1 to 18. The girls were divided into three groups, which 

represent the periods of the development, namely age from 1 to 8, from 9 to 13 and from 14 to 

18. Positive correlations between the uterine and ovarian volume and the growth data and plasma 

hormone concentrations were detected mainly in the group aged from 9 to 13. There was a 

significant correlation between the uterine volume and the weight and height of the girls in the 

14-18 years age group and between the ovarian volume and the weight and height of the girls 

and the testosterone levels from age 14 to 18. Moreover, a positive correlation was found 

between the ovarian volume and the height of the girls from age 1 to 8 (Table 3.).

Table 3. Positive correlations between uterine and ovarian volume and growth data and plasma 

hormone concentrations in various age groups.

AndWeight Height FSH E2 ТеLH
r = 0.628t r = 0.673+ r = 0.745+r = 0.684+ r = 0.614+UV (1-18y)

(l-8y) 

(9-13y) 

(14-18y) 

OV (1-18y) 

(l-8y) 

(9-13y) 

(14-18y)

NSNS NSNS NS

r = 0.659+ r = 0.508+ r = 0.427+r = 0.536+ r = 0.433+

NS NSr = 0.339+ r = 0.284+ NS

r = 0.669+ r = 0.674+ r = 0.568+ r = 0.693+ r = 0.638+ r = 0.742+ r = 0.793+
NS NS NSNS r = 0.345* NS NS

r = 0.456+ r = 0.483+ r = 0.405+ r = 0.673+ r = 0.608+ r = 0.345* r =0.527+

r = 0.234+ r = 0.325+ NS NS г = 0.387+ NSNS

*p<0.05; +p<0.01; +p<0.001; NS: not significant; 

testosterone, And: androstenedione, y: years

UV: uterine volume, OV: ovarian volume, E2: estradiol, Те:

There was no correlation between the uterine and ovarian volume and obesity or asthenia 

expressed with Kaup’s index.
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Part II. The mean uterine and ovarian volumes in the various menstrual disorders are 

shown in Figure 7. The mean uterine volume was significantly larger in DUB (p<0.001) and 

smaller in oligomenorrhea (p<0.05) and secondary amenorrhea (p<0.001) than the control. The 

mean ovarian volume was larger in DUB (p<0.05) and in oligomenorrhea (pO.OOl) but did not 

differ from the control in secondary amenorrhea (Figure 7.).

Uterine volume
mm3

60000 !

50000

40000 -

I 1
К -j?

I ■
30000 -

20000 -

10000

0
DUB Oligomenorrhea Secondary amenorrhea

IО Menstrual irregularities □ Control

Ovarian volume
mm3

9000 - 
8000 - 
7000 - 
6000 - 
5000 - 
4000 - 
3000 
2000 - 
1000 -

:,
-
í !

r ■ m
If ____0

DUB Oligomenorrhea Secondary amenorrhea

]в Menstrual irregularities □ Control

Figure 7. The mean uterine and ovarian volumes in the various menstrual irregularities 

compared to the controls.
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The mean plasma FSH levels in the various menstrual irregularities were similar to those 

of the controls. The mean plasma LH levels were higher in all menstrual disorders as compared 

to the normal cases. The differences were significant in oligomenorrhea and in secondary 

amenorrhea. The mean plasma estradiol levels were higher in DUB and lower in secondary 

amenorrhea, but the differences were not significant. The mean plasma testosterone levels in the 

various menstrual disorders were similar to the controls. However, the mean plasma 

androstenedione levels were significantly higher in girls with irregular bleedings, mainly in DUB 

patients (Table 4.).

Table 4. The mean plasma hormone levels in various menstrual irregularities (±SD)

FSH (U/l) LH (U/l) E2 (nmoUl) Те (nmol/l) And (ng/ml)

DUB (n=50)

Control (n=37) 

Oligomenorrhea (n=43) 

Control (n=41) 

Sec.amenorrhea (n=54) 

Control (n=41)

6.1+2.3* 7.7±6.3* 0.26+0.17* 1.97+0.96* 2.55±0.79+

5.5±1.9 4.0+1.3 0.16±0.04 1.43+1.11 1.47±0.36

4.9±1.7* ll.l+4.9t 0.22±0.09* 3.2Ш.57* 3.0511.38*

5.312.0 6.713.7 0.19Ю.05 2.80Ю.89 2.30Ю.60

5.712.0* 9.516.7* 0.15Ю.08* 2.9911.58* 2.9211.24*

5.312.0 6.713.7 0.19Ю.05 2.80Ю.89 2.30Ю.60

*not significant; *p<0.05; +p<0.001;

E2:es1radiol; Te:testosterone; And:androstenedione;

In secondary amenorrhea a significant correlation was found between the uterine volume 

and estradiol level (r=0.468; p<0.01) and between the ovarian volume and the plasma LH 

(r=0.538; p<0.001) and estradiol (r=0.606; p<0.001) levels. There was no significant correlation 

between ovarian volume and plasma testosterone and androstenedione levels.
The prevalence of multifollicular ovaries was 24% in DUB, 37% in oligomenorrhea and 

38% in secondary amenorrhea. Larger than normal ovarian volume was determined in every type 

of menstrual irregularity in cases associated with multifollicular appearance of ovary (mean 

values - DUB: 7360mm3 p<0.001; oligomenorrhea: 9297mm3 p<0.001; secondary 

amenorrhea: 7583mm3 p<0.05) and with hirsutism and acne (mean values - DUB: 7603mm3
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p<0.001; oligomenorrhea:8801mm3 p<0.001; secondary amenorrhea: 7000mm3 not 

significant). Obesity did not influence the ovarian and uterine volume in our patients.

Part III. In girls with precocious puberty considerably increased uterine and moderately 

increased ovarian volume were detected before the therapy. During the GnRH analogue 

treatment the uterine volumes decreased, but did not return to a volume appropriate for age even 

after 1 year of therapy, whereas the ovarian volumes hardly changed. The moderate change of 

uterine volume in patients Land 2. was due to the short treatment time (2 months) (Figure 8.,9.)
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Figure 8. The uterine volumes before and during the therapy in girls with precocious puberty. 

(Patients are ranked according to the length of treatment.)
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Figure 9. The ovarian volumes before and during the therapy in girls with precocious puberty. 

(Patients are ranked according to the length of treatment.)

In girls with precocious puberty, multifollicular appearance of the ovary was found in one case 

and it did not change during the therapy.
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Part IV. We have found 144 ovarian cysts in 119 girls. In 25 girls, cysts reoccurred.

Most cysts were right-sided, single and simple, whereas 29% of the cysts were more than 5 cm in 

diameter (Table 5.). The largest cyst extended to the umbilicus.

Table 5. Characteristics of the cysts.

Size (diameter) Siten n

Right 84<3cm 13

Left 573-5cm 90

Bilateral 3>5cm 41

Type Number nn

Simple Single 130141

Complex Multiple3 14

Girls were scanned because of irregular bleeding (80 cases), abdominal pain (33 cases), 

palpable pelvic masses (16 cases), dysmenorrhea (7 cases), and other symptoms or diseases (8 

cases), including three cases of precocious puberty. Half of the patients with menstrual disorders 

had DUB (41 patients) and the other half had either oligomenorrhea or secondary amenorrhea 

(39 patients). A number of cysts were found incidentally.

Hormonal treatment was given in 105 cases. Of all the girls who received hormonal 

treatment, 23 had abdominal pain, 4 had dysmenorrhea and 78 had irregular bleeding. 

Norethisterone alone was given to girls with abdominal pain or menstrual irregularities. 

Clomiphene citrate alone or with norethisterone was administered to patients with menstrual 

irregularities (28,29). Clomiphene-citrate was given primarily to induce ovulation in irregular 

bleeding and not as treatment of the cyst. In 35 cases, only follow-up sonography was performed. 

Nine patients underwent surgical intervention, four of them soon after the first examination and 

five after follow-up examinations (Table 6.). The indications for surgery were the detection of
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complex cysts, reminiscent of dermoid in the first two cases and the enormous size of the cysts in 

the third and eighth cases. In the third patient, the cyst was associated with hydronephrosis. In 

the fourth and fifth cases, surgical treatment was necessary because of severe pelvic pain. In the 

remaining cases, follow-up sonography revealed that the cysts had not resolved or decreased in 

size. All cysts were benign. Out of nine cases, only one verified follicular cyst was present, and 

even this was complicated with dermoid. Every surgery was uneventful.

Table 6. Surgically treated ovarian cysts

Operative findings Cyst diameter Age Type of operation
(mm) (years)

Dermoid cyst in the retroperitoneum Cystectomy64 x 45 x 30 14

Dermoid cyst in the right ovary Salpingooophorectomy91 x 82x75 15

Dermoid and follicular cyst on left side 180 x 170 x 130 14 Salpingooophorectomy

Right ovarian cyst 44x49 18 Puncture (vaginal route)

Right ovarian cyst 93x64 18 Puncture (vaginal route)

Left parovarian cyst 101 x 99x69 16 Cystectomy

Left parovarian cyst Laparoscopic puncture55x56 17

Right parovarian cyst Laparoscopic cystectomy150 x 150 x 100 14

Right parovarian cyst 62 x 40 x 32 Laparoscopic cystectomy18

Cysts resolved spontaneously 4.5 weeks on average after the diagnosis, or in 3 weeks 

after the beginning of hormonal treatment. We examined the effectiveness of conservative 

management according to the size of the cysts. Almost all girls in the medium cyst group and the 

majority in the large cyst group could be managed conservatively. The largest cyst that was 

successfully treated conservatively was 80 x 75 mm in diameter.
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Discussion

I.

In our population the uterine volume starts to increase in 9 years of age. The ovarian 

volume increase very slowly throughout childhood and its growth becomes faster at age 8, one 

year earlier than the uterine volume. The marked increase in the uterine volume is detected from 

11 years of age and that of ovarian volume is observed from age 10. From age 14 to 18 the uterus 

grows moderately. The ovarian volume increases continuously till age 16 and after that it is 

stable. Whereas the start of uterus growth was determined at 7 years of age by Orsini et al. (3) 
and Salardi et al. (4) and at 10 years by Apter et al. (7). According to Orsini et al. ovarian volume 

is relatively stable up to 5 years, when regular age-related growth started, associated with an 

increase in cystic functional changes in the ovary (3). However, others found the same tendency 

in the ovarian growth as it was observed in our population (4,6,7).
The increase in gonadotropin concentrations was observed in healthy girls at 10 years of 

age, two years later than the ovary and one year later than the uterus starts to grow. A marked 

increase of the gonadotropin levels was found at 11 years of age, simultaneously with the 

significant increase of the plasma estradiol, testosterone and androstenedione levels. After 12 

years of age the gonadotropin concentrations hardly change. After menarche, we have to take 

into consideration the cyclical variations of the plasma hormone levels. The menarche age in our 

population is about 12.6 years (30). The difference between the start of uterine and ovarian 

growth and the increase of hormone levels can be explained, that it is difficult to detect an early 

pubertal nocturnal increase of LH which begins to stimulate the ovaries (10), and the increase of 

uterine volume may be the consequence of adrenal steroids or transient peaks in the estrogen 

concentration, which cannot be detected by a single assay (4). Apter et al. observed a rapid 

increase in plasma FSH level between ages 7.5 and 11.5, and in plasma LH level between 10.5 

and 11.5 (31). In our population the plasma FSH levels in girls before 10 years are clearly higher 

than the plasma LH levels, and thus the increase during puberty was not so large, than that of LH 

levels. From 12 years of age the LH levels approach, moreover, slightly exceed the FSH levels in 

most cases.
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The estradiol concentration is relative stable before and after the significant increase at 
age 11, however the plasma testosterone levels show a very slow increase between ages 1 to 10, 
and a moderate increase after 11 years of age. The plasma androstenedione levels show a 

continuously moderate increase both before and after the marked change. It can be connected 

partly with the adrenal androgen secretion. On the contrary, the rapid increase of plasma 

estradiol, testosterone and androstenedione concentration was observed by Apter et al. from the 

bone age group of 9.5 years onward, in close association with the appearance of the first physical 
signs of puberty. A marked increase in these three steroids continued until 13.5 years of age, the 

age at which menarche took place. Menarche was followed by a plateau of 1-2 years duration 

and then a second increase took place up to the two oldest age groups (17.5 and 18.5 years bone 

age) (32).
The uterine and ovarian volume in our population increases continuously in the various 

pubertal stages according to breast development and pubic hair growth. However, a relative 

marked increase of the uterine volume was observed between 2 and 3 as well as between 3 and 4 

pubertal stages. Salardi et al. found significant change in uterine size between the stages 3 and 4 

according to breast development (4). Good correlation was demonstrated by Ivarsson et al. 
between the Tanner score and uterine and ovarian volume (2). The marked increase in the 

hormone levels was observed in our population mainly between stages 2 and 3. Whereas Apter et 
al. found the most significant rise of FSH concentration between stages 1 and 2 whilst that of LH 

concentration between stages 2 and 3 (31). A very significant increase of testosterone and 

androstenedione levels was observed from stage 1 to stage 2 of pubic hair by Apter et al. (32).
The positive correlations between the uterine and ovarian volume and the growth data 

and hormone concentrations were found from age 1 to 18. In childhood from age 1 to 8, 
correlation was found only between the ovarian volume and the height of girls. In the pubertal 
period between ages 9 and 13 significant correlation was detected between the uterine and 

ovarian volume and the growth data and hormone levels. In the 14-18 aged group significant 
correlation was detected between the uterine and ovarian volume and the growth data and in 

addition only between the ovarian volume and the plasma testosterone level. In premenarcheal 
subjects of Apter et al., uterine and ovarian volume and plasma concentrations of LH, FSH and 

estradiol correlated with age and with each other. However, below 10 years of age, only ovarian 

volume and FSH concentrations correlated with age and with each other. Thus prepubertal FSH
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levels appear to be responsible for the increase in follicular growth and ovarian volume from 7 to 

10 years of age (7). Salardi et al. did not find correlation even in pubertal girls between ovarian 

volume and basal sex hormone concentrations. In their opinion, ovarian maturation seems 

influenced solely by age and hormonal stimuli do not seem to play any important role. However, 
only in pubertal girls did they find a significant partial correlation between uterine volume and 

estradiol concentration, which is independent of age and size (4).
During childhood the constant small size of the uterus is connected with the constant low 

levels of plasma hormones. At puberty the positive correlation between the uterine volume and 

especially the plasma estradiol level accounts the significant growth of uterine size. After age 13 

no correlation was observed between the uterine volume and plasma hormone concentrations 

though the uterine size moderately increase more. Although the basal plasma estradiol level is 

relative stable after 12 years of age, the cyclical variation of it is important after menarche. The 

positive correlation between the uterine volume and the height and mainly the weight of girls 

refers to the role of other factors in the growth of the uterus, for instance other estrogen 

hormones originated from fat tissue.
During childhood a very slow increase of the ovarian volume was observed and the only 

correlation was found between the ovarian volume and the height of girls. From 9 to 13 years of 

age, similarly to the uterine growth the marked increase of the ovarian volume is connected with 

the marked increase in the hormone levels during puberty. In the age group 14-18, a significant 
correlation between ovarian volume and the growth data, especially the height of girls, is due to 

other factors than the hormones examined. The study of Bridges et al. suggests that growth 

hormone (GH) is also important in ovarian growth. Insulin-like growth factor I (IGF-I) is 

important in mediating the action of GH on ovary, although there may be some direct effect of 

GH itself. IGF-I has an important paracrine role, amplifying the action of gonadotropins and 

promoting granulosa cell differentiation and steroidogenesis. But in childhood gonadotropin 

levels are low and the increased ovarian size is unlikely to be because of the effect of GH in 

amplifying gonadotropin action, nutritional factors and insulin status could influence ovarian size 

in these girls (6).
Multifollicular ovarian appearance was detected first at 4 years of age in our population 

and its prevalence is relative stable till age 7. At age 8 the occurrence of multifollicular ovary 

increases considerably, simultaneously with the moderate increase of ovarian volume. The
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prevalence is similar till 12 years of age, during puberty, and after that it decreases somewhat. 
These data are more or less concordant with the prevalence data of muhifollicular ovary in the 

literature (8,10).
II.

Since in healthy girls, positive correlations were observed between uterine and ovarian 

volumes and the plasma hormone concentrations, presumably, in cases of menstrual irregularities 

the variation of uterine and ovarian volume mainly ensued from the different hormonal status in 

these conditions. A significant correlation between the uterine volume and the plasma estradiol 
level was found in girls with secondary amenorrhea. Moreover, the larger than normal uterine 

volume correlates with the higher estradiol levels in DUB, however, the latter not being 

significant. The explanation for this result may be, that the girls were seen after a three or four 

weeks of bleeding, when the plasma estradiol levels is not the same as at the beginning of the 

irregular bleeding. Therefore in the background of the larger uterine volume in DUB a prolonged 

higher estradiol level is supposed. At the same time, in oligomenorrhea and secondary 

amenorrhea, the uterine volume is smaller than normal possibly as a consequence of the 

prolonged lower estradiol levels, and the lack of the normal cyclical increase in plasma estradiol 
level during the late follicular and luteal phase (11).

In secondary amenorrhea a significant correlation was demonstrated between the ovarian 

volume and the plasma LH and estradiol levels. Furthermore, larger mean ovarian volumes and 

higher mean plasma LH levels were measured in the majority of the menstrual irregularities. The 

difference from the normal values was most significant in oligomenorrhea. Larger ovarian 

volume is linked not only to higher LH levels, but also the symptoms of hyperandrogenism 

(hirsutism and acne) and the muhifollicular appearance of the ovary. Similar relationship was 

found by Venturoli et al., moreover, a positive correlation was demonstrated between ovarian 

volume and androstenedione and testosterone levels. However, they found muhifollicular ovaries 

in 50% of girls with menstrual irregularities (13,33). In our previous study, higher plasma LH 

and testosterone levels and LH/FSH ratio were observed in girls with muhifollicular ovaries and 

irregular bleedings as compared to girls with homogenous ovaries and irregular bleedings. After 

the treatment of the menstrual irregularity with gestogen and clomiphene-citrate, the 

muhifollicular appearance of the ovary disappeared and the hormone levels decreased in one part
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of girls, mainly of whom suffered from DUB. When the ovarian multifollicularity persisted 

despite the treatment, the LH and testosterone levels remained higher and the effect of the 

therapy was transitional. These girls suffered mainly from oligomenorrhea (34). While the 

oligomenorrheic girls with higher LH level and with or without symptoms of hyperandrogenism 

and ovarian multifollicularity react to ovulation induction quite well, though its effect is mainly 

transitory, in girls with secondary amenorrhea and oligomenorrhea connected with low LH and 

estradiol levels, the ovulation induction was unsuccessful (35).
According to the recent longitudinal study of Venturoli et al. besides the homogenous and 

multifollicular appearance of the ovary the polycystic structure can usually be found in the 

postmenarcheal period and each of them may be present in girls with irregular bleeding. 
However, during the postmenarchal period, volume and polycystic structure of the ovaries 

tended to increase whereas homogeneous ovaries and to a lesser extent to multifollicular ovaries 

tended to decrease. The ovaries of irregular menstrual cycles in the adolescent period are 

frequently and indeed polycystic. Enlarged ovaries, polycystic structure, hyperandrogenemia and 

high LH values are strongly linked and are frequent in irregular cycles even in absence of signs 

of hyperandrogenism. These characteristics may all persist or in various aggregations become a 

permanent feature. Only a few subjects may lose ovarian enlargement and show a change in the 

polycystic structure, although they frequently maintain hyperandrogenemia. Normalization of 

volume and structure of the ovaries may partly correlate to gonadotropin modifications which 

generally consist of an LH pulse frequency and amplitude reduction (9,36). In our patients with 

menstrual irregularities ovarian morphology was rather homogeneous and multifollicular whilst 
typical polycystic structure was found in a few cases.

The presence of microcysts, as an isolated finding in ultrasound studies of the ovaries of 

adolescent girls with menstrual disorders, is nonspecific according to Heiter et al. It is not easy to 

evaluate an increased ovarian stroma by standard pelvic ultrasound and state the diagnosis of 

polycystic ovary syndrome (PCOS) this way. In contrast, the presence of bilateral ovarian 

volumes higher than 10 mm3 is correlated with elevated basal LH levels and androgens in these 

patients (37).
The LH dependent hyperandrogenism is considered to be an important factor typical of 

adolescent menstrual irregularities. Furthermore, the chronic absence of cyclic production of 

progesterone allows LH to increase progressively with age (33). It is possible that the high LH
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and androgen levels in oligomenorrheic adolescents reflect a maturation condition, which 

disappears spontaneously with time or some of these girls might have an early form of PCOS 

(38). According to previous reports, in the background of the majority of these adolescent 
anovulatory cycles there seems to be some kind of a physiological variant pattern seen in PCOS. 
The levels of testosterone, androstenedione and LH were increased in anovulatory cycles as 

compared to ovulatory ones (29). However, both normal and elevated LH levels may be found in 

the background of anovulation. In case of normal LH levels majority of cycles would be 

ovulatory, however girls with elevated LH levels remain anovulatory in about 60%. In the latter 

cases the LH circadian profile is very similar to that found in PCOS (39).

III.

In girls with precocious puberty the data of uterine and ovarian volumes before and 

during the therapy with GnRH analogue are concordant to the data of literature, however the 

increase in the prevalence of cystic appearance of the ovary could not be detected (21).

IV.

In our patients ovarian cysts occurred mainly in adolescents with irregular bleeding. The 

lack of positive feedback causes anovulation at this age, and the maturing follicle can turn into a 

simple ovarian cyst. The prevalence of ovarian cyst was low in childhood and mainly associated 

with precocious puberty.
Most of the cysts were managed conservatively, even the larger ones of more than 5 cm 

in diameter. The size of the cysts was not a determining factor for surgery except in two cases in 

which the cysts were extraordinarily large. According to the experience of Warner et al., the 

indication for surgical intervention in children and adolescents is based not only on the 

sonographic character of the cyst (i.e. simple or complex), but on symptoms and complications 

associated with large mass, evidence of neoplasm, doubt concerning the ovarian source, or 

failure of the cyst to resolve or decrease in follow-up examinations (27). Because of the anatomic 

characteristics of pelvic organs, torsion is more common in ovarian cysts in neonates and young 

children (40).
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In women with ovarian cysts, Spanos et al. used hormonal therapy for 6 weeks before 

surgery and found that most cysts resolved or decreased during that time. In women who had 

undergone surgical intervention, no simple functional ovarian cysts were found. Functional 
ovarian cysts may safely be observed without treatment through two or three menstrual cycles. 
Supposedly, hormonal therapy may be used effectively to shorten the duration of cysts (41). In 

our cases, this period was shorter, but not significantly, after hormonal treatment. In our young
Ls~\ ^ ^

patients hormonal therapy was useful primarily in the treatment of menstrual irregularities 

existing simultaneously. However it can be considered when the patient has moderate symptoms 

that do not necessitate surgical intervention.
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Summary

In my study ultrasonographic standards for uterine and ovarian volume were established 

in healthy girls from age 1 to 18 and according to Tanner stages. Correlations were demonstrated 

between the uterine and ovarian volume and the plasma hormone concentrations during puberty 

and between the uterine and ovarian volume and the growth data in various age groups.
Uterine and ovarian volumes and plasma hormone concentrations were determined in 

various menstrual irregularities. Positive correlation was found between the uterine and ovarian 

volume and the levels of some hormones in secondary amenorrhea. The uterine and ovarian 

volumes also reflected certain hormone concentrations in the other type of menstrual 
irregularities. On the basis of the data of healthy girls and girls with menstrual irregularities, the 

uterine and ovarian volume showed a cumulative hormonal effect. The considerable fluctuation 

of hormone concentrations indicates that several hormone measurements are really informative 

in the determination of the hormonal status (42,43,44). Moreover, some changes in the hormone 

levels cannot be detected by the hormonal assay. Although the hormone measurement is 

indispensable in the evaluation of the background of menstrual irregularities, ultrasonography is 

a quick, simple and important complementary diagnostic method in girls.
Ultrasonography can help not only in the follow-up and management of the girls with 

menstrual irregularities but also in that of the girls with precocious puberty. Ultrasound 

examination facilitates conservative management of ovarian cysts, eliminating unnecessary 

surgical intervention in this special age-group.

\
X
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