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Abstract: Reproductive lifespan is determined by the reserve of ovarian follicles; their quality and
quality determine the fertility potential at a given point in time for a particular individual. Inter-
individual variations related to morphometry, laterality, medical history, demographic characteristics
and ethnicity may impact ovarian histology, which however, has not been extensively studied or
documented. The present cross-sectional study aims to investigate the potential association of clinical
factors (age, medical and obstetric history) with ovarian morphometry and histology in females
of reproductive age in the local population. The sample included 31 specimens of whole human
ovaries, obtained from surgical/autopsy procedures in reproductive-aged women, processed at
the Pathology Department. Morphometric characteristics were assessed, including shape, color,
length, width, thickness and gross ovarian pathology. Random samples of specific dimensions were
histologically examined to determine follicular counts. The results were analyzed statistically in
correlation to morphometric characteristics and medical history. The majority of the patients had
oval-shaped ovaries (77.8% right; 92.3% left; p = 0.368) of whitish color (38.9% right; 46.2% left;
p > 0.999). Right ovaries had significantly greater length, width and volume (p-values 0.018, 0.040
and 0.050, respectively). Thickness was equivalent, as well as follicular distribution of all classes.
Age correlated inversely with ovarian volume and primordial/primary follicular count on histology.
Women with a caesarian-section history yielded significantly lower primordial/primary follicular
counts. As estimated by ovarian histology, macroscopic and clinical factors may be significantly
associated with actual ovarian reserve.

Keywords: obstetrics; fertility correlates; reproductive health; ovarian morphometry; ovarian
histology

1. Introduction

Human ovaries lie within the lesser pelvis, laterally to the uterus and inside a shallow
depression of the lateral pelvic wall termed as the “ovarium fossa”. They serve as reserves
for ovarian follicles and reproductive hormones, playing a crucial role in female fertility and
endocrine function [1]. The dimensions of the ovaries vary greatly throughout the lifespan
of a female and exhibit considerable inter-individual differences, approximately ranging
between 3–5 cm × 1.5–3 cm × 0.6–1.5 cm (length × width × thickness), and weighing
5–8 g [2]. They are smooth and pinkish during the early reproductive life. However,
subsequent cycles of ovulation– scarring—corpus luteum and corpus alba formation distort
their initially smooth surface [2,3].
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The exact duration of the female reproductive lifespan has received accelerated interest
in the recent years [4,5]. Reproductive aging is a matter of significant concern, as the mean
age of childbearing has had an upward trend during recent decades [6]. Maternal age is
firmly associated with the remaining ovarian reserve and has a substantial impact on the
specific Assisted Reproductive Technology (ART) protocols and outcomes [7]. ART has a
broad application in the field of infertility, assembling 2.0% of live births in USA in 2018 [8].

Ovarian reserve is defined by oocyte quantitative and qualitative characteristics and
depicts the fertility potential of a woman at a specific time [4,9]. The need for quantification
of the ovarian reserve has emerged during this process, mostly in terms of defining the
prognosis and optimizing the protocols for ART [7]. Ovarian reserve is assessed by several
clinical tools including transvaginal ultrasound measuring antral follicle count and ovarian
volume as well as laboratory tests, including the follicle stimulating hormone (FSH),
estradiol E2, and anti-Müllerian hormone (AMH) [10,11].

It has been documented that ovarian volume is associated with actual ovarian reserve,
counted as the number of non-growing follicles present in histopathology [12]. Previous
studies have demonstrated that an ovarian volume of less than 3 cm3 is associated with an
increased risk of cycle cancellation in in-vitro fertilization (IVF) despite aggressive stimula-
tion protocols. It is, also, associated with a requirement for higher doses of gonadotropins,
and lower oocyte yields [3,13], suggesting a potential association of macroscopic character-
istics such as volume with the actual number of recruitable follicles. Nonetheless, it has
been suggested by previous findings that laterality (right versus left side) may significantly
affect the ovarian volume and the antral follicle count (AFC) [14].

Concerning ovarian volume, anatomical descriptions for human ovaries are mainly
retrieved from classic anatomy and histology textbooks [15,16]. There are several studies in
the literature, concerning the morphologic and histopathologic features of human ovaries,
but they are highly heterogeneous in terms of methodology, studied parameters, population,
ethnicity and other potential variables that may affect the results. Nevertheless, the largest
and most comprehensive studies regarding ovarian volume were conducted by means of
ultrasound scanning [17,18]. There are reasonable concerns about the potentially limiting
role of ultrasound technology, as many studies date back several years. The accuracy of
ultrasound measurements may not reflect current practice, as ultrasound technology has
greatly advanced over the years. However, the initial findings are enhanced by more recent
publications [19].

Taking into consideration the growing interest in reproductive medicine both in terms
of assisted reproduction and fertility preservation techniques, it is extremely useful to in-
vestigate the potential association of ovarian morphology and morphometry in relation to
histopathology, past medical history, demographic characteristics and laterality in specific
populations. Within our scope is to comment on the morphometric and morphologic char-
acteristics of human ovaries and their association with histopathologic and clinical features
in our study population, using a method which is cost effective and easily reproducible.

This study is motivated by the fact that variations related to ethnicity and environ-
mental factors may have an impact on ovarian morphology and histopathology, which has
not been extensively studied or proven. The findings aim to build a database for future
studies in this particular population.

2. Materials and Methods

The sample of the present study consists of human ovaries prospectively collected
from surgical or cadaveric specimens during the time period from November 2016 to
November 2021 at (i) the Department of Pathology of Democritus University of Thrace, (ii)
the Laboratory of Forensic Sciences and Toxicology of Democritus University of Thrace
in Alexandroupolis, Evros and (iii) the Department of Pathology of “Thriasio” General
Hospital of Elefsina, Attica in Greece. The samples were embedded in formaldehyde solu-
tion 10% and analyzed at the Department of Pathology in Democritus University of Thrace
(Alexandroupolis, Greece). The study is in compliance with the declaration of Helsinki for
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medical research and has been approved by the Ethics and Research Committees of the
University Hospital of Alexandroupolis and the General Hospital of Elefsina “Thriasio”
(under documentation codes ES1/08-02-2018 and 185/22-06-2020, respectively).

All of the specimens that were collected during this time interval in females of repro-
ductive age were included in the present study. Since the existence of differences in the
different sides (right and left) is controversial in the literature [20,21], we have included both
right-sided and left-sided ovaries, when applicable, in order to (i) avoid bias and (ii) run a
comparison between the different sides.

A total of 19 patients and 31 ovaries were analyzed. Morphological characteristics such
as dimensions (length, width, thickness), shape and color were measured. Subsequently, the
specimens underwent histopathologic analysis, and the number of follicles was evaluated.
The samples were subjected to the following process.

2.1. Macroscopic Observation

Macroscopic observation, including the shape and the color, was followed by measure-
ment of the dimensions (length, width, thickness) for each ovary with electronic calipers.
The presence of any gross pathology, such as cysts, was also addressed. The ovarian volume
was estimated according to the following formula:

V (Volume) = a × b × c × 4π/3,

where V comprises the measured volume in cm3 or ml, and a, b, c comprise each of the
three radii of the ellipsoid in cm. The value of π is equal to 3.14. As the actual diameters
were measured, the formula was modified as follows:

V = l × w × t × π/6,

where l: length, w: width, and t: thickness (Figure 1).
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Figure 1. Graphical demonstration of the measured parameters. Macroscopic appearance of human
ovary and demonstration of measured parameters; with red axis for length; black axis for width;
orange axis for thickness.

2.2. Histopathologic Evaluation

Each ovary was further processed to obtain a random ovarian tissue specimen of fixed
dimensions of 3 mm × 3 mm × 5 mm, containing an area of 3 mm × 3 mm of ovarian cortex.
The tissue specimens, after being processed with the appropriate solution of alcohol and
xylol, were embedded into paraffin wax. Slices of 5 µm every 50 µm of tissue were obtained
from a microtome until the tissue specimens were exhausted. Only histopathology slices for
which the whole surface was intact were included in the final analysis. As a result, a total
of 25 slices were obtained for each ovary. Previous studies have reported measurements of
variable width for cortical tissue such as 5 µm or 6 µm [22], 7 µm [23], 6 µm, 10 µm [22]
or even 50 µm [24,25]. Taking into consideration that the mean diameter of a primordial
follicle is estimated at approximately 39.5 µm (±7.6 µm) with a maximum up to 49 µm [24],
the histopathology slice width was predetermined at 5 µm to retain a high quality of tissue
and facilitate microscopic evaluation. To avoid double measurements one single 5µm slice
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was extracted from each 50 µm of cortical width. Based on previous studies, the random
comparison and microscopic evaluation of ovarian tissue is sufficiently accurate to draw
safe conclusions, in so far as the comparison and not the actual absolute number of follicles
is the investigated outcome [26,27]. As noted, a total of 25 slices available for microscopic
evaluation were obtained for each ovary included in this study. The tissue was dyed with
conventional hematoxylin-eosin stain and observed with an optical microscope Nikon
Eclipse 50i with magnification × 10 HPF (high-power field) (Nikon Group Companies,
Tokyo, Japan). Follicular counts were obtained in a total of 6 samples from each ovary,
randomly selected as the 1st, 5th, 10th, 15th, 20th and 25th of each series. Subsequently,
they were classified based on their characteristics, as demonstrated by Gougeon et al. [28],
to primordial, primary, secondary, and tertiary follicles (Figure 2). The slides were observed
by two independent researchers and the results were cross-checked. The findings were
statistically analyzed to detect any significant association in follicular number with age,
BMI, laterality, ovarian volume, height, width, thickness, previous gynecological and
obstetric history.
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Figure 2. Different classes of counted follicles on ovarian tissue specimens. Observed in optical
microscope Nicon Eclipse 50i with magnification × 20 HPF (High-power field).

2.3. Statistical Analysis

Quantitative variables were expressed as mean values (Standard Deviation) and as
median (interquartile range), while qualitative variables were expressed as absolute and
relative frequencies. The Mann–Whitney test was used for the comparison of continuous
variables between two groups. Spearman’s correlation coefficient (rho) was used to explore
the association of two continuous variables. Multiple linear regression analysis was used
with the volume and the number of primordial/primary follicles as the dependent vari-
ables. The regression equation included terms for all patients’ demographic and clinical
characteristics. In cases where volume was the dependent variable, the number of primary
cells was also included in the model as an independent variable. Linear regression anal-
ysis was conducted after the logarithmic transformation of the dependent variables. All
reported p values are two-tailed. Statistical significance was set at p < 0.05 and analyses
were conducted using SPSS statistical software (version 22.0).

3. Results

The sample consisted of 31 ovaries from reproductive-aged women with a mean age of
43.3 years (SD = 7.5 years) and regular menstrual cycles. Their characteristics are presented
in Table 1. Mean BMI was 26.0 kg/m2 (±3.7) and 63.2% were overweight. Smokers
comprised 36.8% of the sample. A total of 77.8% had an obstetrical history of at least one
vaginal labor and 27.8% of at least one caesarian section. Only one woman had a history of
malignancy (breast cancer) and 15.8% had undergone a previous adnexal surgery.
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Table 1. Sample characteristics.

Variables N (%)

Age, mean (SD) 43.3 (7.5)
Age (years)

<45 9 (47.4)
≥45 10 (52.6)

BMI, mean (SD) 26.0 (3.7)
BMI

Normal 5 (26.3)
Overweight 12 (63.2)
Obese 2 (10.5)

Smoking
No 10 (52.6)
Yes 7 (36.8)
Former 2 (10.5)

Vaginal deliveries 14 (77.8)
Caesarian deliveries 5 (27.8)
Spontaneous abortion 2 (11.1)
Induced abortion 5 (27.8)
History of malignancy 1 (5.3)
Previous adnexal surgeries 3 (15.8)
Macroscopically evident cyst 7 (36.8)
Primary indication for surgery benign adnexal pathology

No 13 (68.4)
Yes 4 (21.1)
N/A 1 2 (10.5)

Type of surgery confined to adnexectomy
No 15 (78.9)
Yes 2 (10.5)
N/A 1 2 (10.5)

1 cadaveric material.

The majority of the patients had oval shaped ovaries (77.8% right ovaries and 92.3%
left ovaries, p = 0.368). As far as the ovarian color is concerned, it was similar in left and
right ovaries (p > 0.999) and whitish in the majority of the cases (38.9% for the right and
46.2% for the left ovaries). Right ovaries had significantly greater length, width and volume,
compared to left ovaries (Table 2). Thickness was similar in left and right ovaries, as well
as the distribution of all classes of follicles.

Table 2. Measurements for each ovary.

Right Ovary (N = 12, 94.7%) Left Ovary (N = 12, 68.4%) p +

Mean (SD) Median (IQR) Mean (SD) Median (IQR)

Length(mm) 34.4 (12.2) 33.1 (29.5–35) 29.4 (5.9) 28 (24.5–33.5) 0.018
Width (mm) 23.1 (9.5) 20.5 (17.4–24.5) 19.1 (5.2) 17.5 (15.5–20) 0.040
Thickness (mm) 15 (13.2) 10 (8.5–16) 11.1 (3.7) 10.6 (8.5–13) 0.309
Volume (mL) 12.2 (28) 3 (2.5–7.6) 3.7 (2.6) 2.7 (1.7–4.6) 0.050

Primary follicles 6.3 (8.2) 4 (2–6.5) 7.3 (4.9) 7 (3.5–11) 0.099
Secondary follicles 1.7 (1.7) 1 (0.5–2) 2.6 (2.7) 2 (0–3.5) 0.198
Atretic 10.8 (7.7) 8.5 (6–14.5) 9.3 (6.9) 7.5 (4.5–12) 0.246

+ Mann–Whitney test.

Spearman’s correlation coefficients of ovarian volume with follicular counts are pre-
sented in Table 3. Ovarian volume was significantly positively associated with primordial,
primary and secondary follicles.
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Table 3. Spearman’s correlation coefficients of ovarian volume with the number of any type of cells.

Ovarian Follicles Both Ovaries

Primary/primordial rho 0.50
p 0.004

Secondary rho 0.37
p 0.046

Atretic
rho 0.19
p 0.297

Greater age was significantly associated with lower volume (Table 4). Women over
45 years old had significantly lower volume compared to younger women. Moreover,
significantly greater ovarian volume was associated with benign adnexal pathology as a
primary indication for surgery, with type of surgery confined to adnexectomy or where
there was a macroscopic appearance of a cyst.

Table 4. Association of volume with patients’ demographic and clinical characteristics.

Volume (mL) p
Mann-Whitney TestMean (SD) Median (IQR)

Age, rho −0.45 0.011
Age (years)

<45 13.9 (26.6) 4.5 (3.1–10.1)
0.045≥45 4.6 (5.6) 2.6 (1.7–4.8)

BMI
Normal 8.3 (10.1) 3.1 (1.7–20.7)

0.887Overweight/Obese 8.5 (19.9) 3.4 (2.3–7.8)
Smoking

No/Former 10.2 (22.2) 2.9 (2.3–6.6)
0.804Yes 5.3 (3.8) 4.1 (1.7–9.1)

Primary indication for surgery benign adnexal pathology
No 4.5 (3) 3.1 (2.4–6)

0.027Yes 27 (37.2) 14.6 (4.5–25.1)
Type of surgery confined to adnexectomy

No 8.4 (19.4) 3.8 (2.5– 7.1)
0.033Yes 22.9 (3.1) 22.9 (20.7–25.1)

Vaginal deliveries
No 4 (2.5) 2.5 (2.2–6)

0.646Yes 10.4 (21.1) 3.9 (2–9.1)
Caesarian deliveries

No 11 (21.5) 4.5 (2.4–9.1)
0.118Yes 3.2 (2.3) 2.5 (2–3.3)

Spontaneous abortion
No 8.7 (19.3) 3.6 (2.2–8.5)

0.886Yes 10.1 (13) 3.8 (1.5–25.1)
Induced abortion

No 10 (21.7) 2.7 (2– 6)
0.435Yes 5.8 (3.4) 5.9 (2.7–8.8)

History of malignancy
No 8.7 (18.6) 3 (2.2–8.5)

0.469Yes 5.2 (1.2) 5.2 (4.4–6)
Previous adnexal surgeries

No 9.4 (19.1) 4.1 (2.2–8.6)
0.112Yes 2.3 (0.9) 2.4 (1.7–2.8)

Macroscopically evident cyst
No 3.9 (3.1) 2.6 (1.7– 5.2)

0.013Yes 16.9 (28.8) 4.8 (3.1–20.7)
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Greater age was significantly associated with less primordial/primary follicles (p = 0.004).
Women over 45 years old had significantly less primordial/primary follicles compared to
younger women(p = 0.019). Furthermore, significantly less primordial/primary follicles were
found in ovaries from women who had undergone a caesarian section in the past (p = 0.033).

With multiple linear regression, greater ovarian volume was associated with higher
primordial/primary follicular density. In contrast, greater age and having had a caesarian
section in the past were significantly associated with lower primary follicular density.
Greater age was associated with significantly reduced ovarian volume (Table 5).

Table 5. Multivariate linear regression results with volume and number of primordial/primary
follicles, in a stepwise method.

Dependent Variable Independent Variable β + SE + + p

Volume (mL) Age −0.03 0.01 0.025

Macroscopically evident cyst No (reference)
Yes 0.33 0.16 0.047

Primary follicles Age −0.05 0.01 <0.001

Caesarian section
No (reference)
Yes −0.42 0.15 0.008

Volume (mL) 0.45 0.22 0.050

+ regression coefficient; + + Standard Error.

4. Discussion

The present study aimed to investigate the macroscopic and histopathological char-
acteristics of human ovaries, regarding follicular counts, as well as their association with
clinical factors, by using a method that is easily applicable and reproducible in common
clinical practice.

The dominant shape was oval and the dominant color whitish, with no differences
concerning laterality. Our findings suggest that right ovaries had significantly greater
length, width and volume, compared to left ovaries. However, thickness was similar in
both sides.

In the present study, ovarian volume was negatively affected by increasing age and
primordial and primary follicles were negatively affected by both age and previous cae-
sarian deliveries. Ovarian volume was independent from BMI, smoking habits and past
obstetrical history (vaginal, caesarian deliveries, abortions). Clinical factors such as BMI,
smoking habits, indication and type of surgery, previous adnexal surgeries, presence of a
macroscopically evident cyst and previous vaginal deliveries do not seem to significantly af-
fect the total follicular counts. Regarding the correlation of morphometry to histopathologic
findings, increased ovarian volume was significantly correlated with increased follicular
counts on ovarian histopathology.

Our findings demonstrate variability compared to previous studies. According to
the findings of Rani et al., the predominant shape of human ovaries is almond in women
aged 16 to 55 years [29]. This is inconsistent with our findings, where the predominant
shape is oval at both sides. The authors, also, reported a gradual increase in all ovarian
dimensions in older women. However, comparison between different sides (right or left)
was not conducted, neither were the findings correlated with histopathology.

Perven at al. conducted a post-mortem study of human ovaries in the specific ethnic
group of Bangladeshi women and found that the weight of right ovaries was significantly
greater, compared to the left side [30]. As expected, the ovarian weight was significantly
lower in the subgroup of women aged over 45 years. Of note, the findings were not
correlated with histopathology [30]. In a previous study conducted in the same population,
the authors found that right ovaries were associated with significantly greater length,
breadth and thickness, compared with the left side and the findings were consistent within
different age groups [21].
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Ahmed at al. investigated the morphometric characteristics of human ovaries again in
Bangladeshi women, including the variables of length, width and thickness [31]. Concern-
ing the different age subgroups, the findings suggested that ovarian length was significantly
greater in the older age groups, in both sides. The average width and thickness were signif-
icantly higher in the older age groups, but only on the right side. Breadth and thickness
were significantly smaller in females aged under 13 years, but no significant differences in
women over or under 45 years of age were observed.

Pavlik et al. determined the association of ovarian volume measured by ultrasound
with age, height and weight in a large cohort of 58,673 women. Notably, ovarian volume
negatively correlated with age, but also with small height [17].

The findings described above suggest high variability of the measured parameters,
concerning laterality, age, and probably ethnicity, as specific ethnic subgroups are separately
investigated. One would expect that as ovaries atrophy with ageing their morphometric
characteristics would decrease in older age groups; however, this finding is not consistent
among different studies.

The bottom-line in any case is the estimation of ovarian reserve. Several clinical
and laboratory tools have been used in clinical practice to provide an indirect estimate of
ovarian reserve, such as AFC or AMH [32–34]. Korsholm et al. conducted a cross-sectional
study in a large sample consisting of 1423 reproductive-aged women in order to investigate
antral follicular count and ovarian volume, measured by transvaginal sonography [14]. The
study included both healthy and infertile women. The key findings suggested that right
ovaries are larger and included more antral follicles than the left. To adjust for significant
confounders such as age and AMH, patients were subcategorized to quartiles based on their
chronological or biological (based on AMH) age. The difference in volume was consistent
in all subgroups, except for AFC, which was significantly higher in the right ovary, except
for the lowest AMH and the highest age quartile.

Alserri et al. conducted a retrospective observational study using a large sample of
6617 ultrasound scans, to assess a potential association of AFC with laterality [35]. The
findings supported that antral follicular counts are significantly higher in the right side,
compared to the left. This association was prevalent both in patients with polycystic ovarian
morphology (PCO) and controls, when ovarian reserve was considered normal based on
AFC counts [35]. Interestingly, the significant difference was eliminated in the subgroup of
women with low ovarian reserve, as classified by an AFC count between 1 and 9 [35]. This
is in line with findings of Korsholm et al. [14].

Jokubkiene et al. investigated ovarian volume and the antral follicular counts by using
3D-transvaginal ultrasound in 213 women receiving combined oral contraceptives (COCs).
Based on their findings, laterality had significant impact on measured parameters. The right
ovary was associated with greater volume, more antral follicles and larger predominant
follicle, compared to the contralateral side, in the age group of 20–29 years. In women aged
30–39 years, the differences, although present, did not reach statistical significance [36]. A
tendency towards reduced ovarian volume and less antral follicles was observed within
older subjects (30–39 years of age) under COCs. Ovarian volume and vascularization, as
measured by Doppler indices, seemed to decrease with advancing age, but the difference
did not reach statistical significance. In this particular study, if only one ovary included a
follicle > 10 mm, this was considered as “dominant” and a comparison of the measured
variables in dominant and non-dominant ovaries was carried out, with no distinctions
concerning laterality. The number of such cases was limited (24 cases) to allow for sound
conclusions. Ovaries containing follicles >10 mm (dominant) did not present significant
differences in ovarian volume and follicular number between the different age groups. On
the contrary, the “non-dominant” ovaries were associated with diminished ovarian volume
and antral follicles in the older age group.

Jokubkiene et al. also conducted a cross-sectional study with prospectively collected
data in reproductive-aged women between 20 to 39 years to evaluate the normal 3D-
transvaginal ultrasound findings in terms of ovarian volume, antral follicular count, total
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follicular volume and vascular Doppler indices [37]. The current use of COCs was an
exclusion criterion. The analysis included a total of 303 women and the results were
analyzed separately when all follicles measured <10 mm or when only one follicle in one
ovary exceeded 10 mm. The findings suggested that right ovaries had significantly higher
volume, more follicles and increased vascularization, compared with the left side, in the
first subgroup. Ovarian volume and total follicular counts seemed to substantially diminish
with age in both sides. Notably, AFC was significantly associated with total ovarian volume
with a positive correlation.

In the subgroup of women with an ovary containing a follicle > 10 mm, the dominant
ovary was associated with significantly higher volume but no difference in total follicular
counts were observed between the two sides [37]. The total number of follicles were
negatively associated with advancing age, a finding consistent with the group with no
follicles exceeding 10 mm. Interestingly, ovarian volume of the dominant ovary was not
affected by age, in contrast to the nondominant ovary; however, no distinction according to
laterality was made.

Several theories for this laterization have been proposed in the current literature.
Theoretically, a per se increased pool of primordial follicles in the right ovary established
during early fetal development cannot be excluded [14]. Other potential causes may
demonstrate their effect through accelerated follicular loss and atresia in the left-sided
ovaries [14]. The anatomical peculiarities in blood drainage between different sides have
been, also, implicated, as causal factors [35,36]. The drainage of the left ovarian vein is
directed to the left renal vein, in contrast with the right draining directly to the inferior
vena cava [38–40]. However, significant anatomical variations may exist, especially in
venous drainage [39]. There are specific peculiarities concerning laterality, reflected also
on the anatomy of the testicular veins that are involved in the etiopathogenesis of the
varicocele in males [38]. Firstly, the inferior vena cava has a greater diameter. Secondly, the
left renal vein develops a higher intravascular pressure, mainly due to its “entrapment”
between the aorta and its branch, the superior mesenteric artery [41]. A wide spectrum of
clinical manifestations arising from this “nutcracker phenomenon” may be presented in
both genders, especially during the second and third decades of life [42,43]. Thirdly, the
insertion of the left ovarian vein to the left renal vein forms a 90-degree angle [38]. These
factors predispose to elevated intravascular pressure in the left gonadal vein, dilation with
subsequent valve malfunction. The sequelae of blood stasis are increased local temperature
and relative hypoxia, contributing to testicular dysfunction and impaired spermatogenesis
in males with varicoceles [44]. A potential similar effect on females expressed as decreased
ovarian volume and follicular number in the left side remains hypothetical [35].

An additional concern is that ultrasound evaluation of the left ovaries may be more
challenging due to their anatomic location in close proximity with the sigmoid, potentially
contributing to differences in measured parameters in favor of the right side [36]. However,
these technical parameters are not considered to be a great contributor to these background
differences, between the right and left side. The findings of our study, also, support the
existence of a potential true biologic variation between the different sides.

Accurate knowledge of factors that significantly affect ovarian histopathology as
defined per counted follicular density has significant clinical implications in assisted re-
production and fertility preservation. Our study contributes to the current knowledge
by investigating the macroscopic characteristics of human ovaries and relating them to
histopathology, demographics and clinical parameters, associated with the previous medi-
cal and obstetrical history.

5. Conclusions

Macroscopic and clinical factors may be significantly associated with actual ovarian
reserve, as estimated by ovarian histopathology. Age was significantly associated with
decreased ovarian volume and decreased counted primordial and primary follicles on
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histopathology. Furthermore, significantly decreased primordial and primary follicles were
found among women with a history of a caesarian section.

Strengths and Limitations

The strength of our study is that macroscopic characteristics were measured in surgical
or autopsy specimens and not indirectly by means of ultrasound. However, the volume still
represents an estimate, as it was calculated by a mathematical formula and the ovaries are
not perfect ellipsoids [45]. A degree of error is, therefore, expected, but it should interfere
with measurements on both sides. Additionally, the follicular counts were estimated by
histopathology through a standard procedure for sample handling and inspection. The
results were double-checked by two independent investigators. Additionally, all patients
included in the analysis had a history of at least one delivery and proven previous fertility,
comprising a healthy and fertile sample. Concerning the limitations, the number of patients
is limited due to the content of our protocol. Despite the statistical significance of the
findings, due to the limited patients’ number and the small absolute differences in follicular
counts, the extent of clinical significance is unknown and cannot be determined by the
present study [35]. An additional limitation is that the specimens—in some cases—derived
from human cadavers. Cadaveric ovarian tissue histopathology may potentially deviate
from surgical specimen histopathology. Although this difference has been investigated for
other tissue types [46], cadaveric ovarian tissue histopathology has not been previously
validated or standardized, and thus, a degree of error may be attributed to the source of
the specimens. Our sample, however, predominantly consisted of surgical specimens, and
therefore, the contribution of cadaveric specimens to the final outcome is proportionally
low. This study does not aim to establish causality, but to highlight potential associations
and areas of interest for subsequent studies.

Author Contributions: Conceptualization E.G. and P.P.; methodology, E.G., M.K., A.G., P.T. and P.P.;
software, M.K., A.G. and P.P.; validation, E.G. and M.-V.K.; formal analysis, E.G., M.-V.K. and M.K.;
investigation, E.G. and M.-V.K.; resources, A.-I.I., E.P., A.G., P.T. and P.P.; data curation, E.G., M.K. and
M.-V.K.; writing—original draft preparation, E.G. and M.-V.K.; writing—review and editing, M.K.,
A.G., P.T. and P.P.; supervision, P.P.; project administration, P.P.; funding acquisition, not applicable.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This review article is pertinent to the first author’s doc-
toral dissertation on “Morphometric and histopathological study of human ovaries in the Greek
population” under the documentation code 17/29/07.11.2016 decision of the general assembly of
Democritus University of Thrace—Faculty of Medicine. The study is in compliance with the declara-
tion of Helsinki for medical research and has been approved by the Ethics and Research Committees
of the University Hospital of Alexandroupolis and the General Hospital of Elefsina “Thriasio” (under
documentation codes ES1/08-02-2018 and 185/22-06-2020, respectively).

Informed Consent Statement: Not applicable. The sample of the present study consists of human
ovaries prospectively collected from surgical or cadaveric specimens during the time period from
November 2016 to November 2021. All material is anonymized.

Data Availability Statement: Available upon request.

Acknowledgments: We would like to thank Kiriaki Devetzi from the Department of Pathology,
Democritus University of Thrace for her significant help and support in tissue specimen processing
and preparation for analysis.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Richards, J.S.; Pangas, S.A. The ovary: Basic biology and clinical implications. J. Clin. Investig. 2010, 120, 963–972. [CrossRef]

[PubMed]
2. Clement, P.B. Histology for Pathologists; Sternberg, S.S., Ed.; Raven Press: New York, NY, USA, 1991; pp. 765–795.

http://doi.org/10.1172/JCI41350
http://www.ncbi.nlm.nih.gov/pubmed/20364094


J. Pers. Med. 2023, 13, 232 11 of 12

3. Lass, A.; Brinsden, P. The role of ovarian volume in reproductive medicine. Hum. Reprod. Update 1999, 5, 256–266. [CrossRef]
[PubMed]

4. Gleicher, N.; Weghofer, A.; Barad, D.H. Defining ovarian reserve to better understand ovarian aging. Reprod. Biol. Endocrinol.
2011, 9, 23. [CrossRef]

5. Practice Committee of the American Society for Reproductive Medicine. Testing and interpreting measures of ovarian reserve: A
committee opinion. Fertil. Steril. 2015, 103, e9–e17. [CrossRef]

6. Hviid, M.M.; Skovlund, C.W.; Mørch, L.S.; Lidegaard, Ø. Maternal age and child morbidity: A Danish national cohort study.
PLoS ONE 2017, 12, e0174770. [CrossRef]

7. Practice Committee of the American Society for Reproductive Medicine; Practice Committee of the Society for Assisted Repro-
ductive Technology. Guidance on the limits to the number of embryos to transfer: A committee opinion. Fertil. Steril. 2017, 107,
901–903. [CrossRef] [PubMed]

8. Sunderam, S.; Kissin, D.M.; Zhang, Y.; Jewett, A.; Boulet, S.L.; Warner, L.; Kroelinger, C.D.; Barfield, W.D. Assisted Reproductive
Technology Surveillance—United States, 2018. MMWR Surveill. Summ. 2022, 71, 1–19. [CrossRef]

9. Iwase, A.; Nakamura, T.; Nakahara, T.; Goto, M.; Kikkawa, F. Assessment of ovarian reserve using anti-Müllerian hormone levels
in benign gynecologic conditions and surgical interventions: A systematic narrative review. Reprod. Biol. Endocrinol. 2014, 12, 125.
[CrossRef]

10. Dewailly, D.; Laven, J. AMH as the primary marker for fertility. Eur. J. Endocrinol. 2019, 181, D45–D51. [CrossRef]
11. ESHRE Guideline Group on Female Fertility Preservation; Anderson, R.A.; Amant, F.; Braat, D.; D’Angelo, A.; Chuva de Sousa

Lopes, S.M.; Demeestere, I.; Dwek, S.; Frith, L.; Lambertini, M.; et al. ESHRE guideline: Female fertility preservation. Hum.
Reprod. Open 2020, 2020, hoaa052.

12. Kelsey, T.W.; Wallace, W.H. Ovarian volume correlates strongly with the number of nongrowing follicles in the human ovary.
Obstet. Gynecol. Int. 2012, 2012, 305025. [CrossRef] [PubMed]

13. Lass, A.; Skull, J.; McVeigh, E.; Margara, R.; Winston, R.M. Measurement of ovarian volume by transvaginal sonography before
ovulation induction with human menopausal gonadotrophin for in-vitro fertilization can predict poor response. Hum. Reprod.
1997, 12, 294–297. [CrossRef] [PubMed]

14. Korsholm, A.S.; Hvidman, H.W.; Bentzen, J.G.; Nyboe Andersen, A.; Birch Petersen, K. Left-right differences in ovarian volume
and antral follicle count in 1423 women of reproductive age. Gynecol. Endocrinol. 2017, 33, 320–323. [CrossRef] [PubMed]

15. Gray, H. Anatomy of the Human Body; Lea & Febiger: Philadelphia, PA, USA, 1918.
16. Moore, K.L.; Persaud, T.V.N.; Torchia, M.G. The Developing Human: Clinically Oriented Embryology; Saunders: Philadelphia, PA,

USA, 2019.
17. Pavlik, E.J.; DePriest, P.D.; Gallion, H.H.; Ueland, F.R.; Reedy, M.B.; Kryscio, R.J.; van Nagell, J.R., Jr. Ovarian volume related to

age. Gynecol. Oncol. 2000, 77, 410–412. [CrossRef] [PubMed]
18. Kelsey, T.W.; Dodwell, S.K.; Wilkinson, A.G.; Greve, T.; Andersen, C.Y.; Anderson, R.A.; Wallace, W.H. Ovarian volume

throughout life: A validated normative model. PLoS ONE 2013, 8, e71465. [CrossRef]
19. Chun, S. Inter-ovarian differences in ultrasound markers of ovarian size in women with polycystic ovary syndrome. Clin. Exp.

Reprod. Med. 2019, 46, 197. [CrossRef]
20. Forabosco, A.; Sforza, C.; De Pol, A.; Vizzotto, L.; Marzona, L.; Ferrario, V.F. Morphometric study of the human neonatal ovary.

Anat. Rec. 1991, 231, 201–208. [CrossRef]
21. Perven, H.A.; Sadat, A.; Nurunnabi, M.; Ara, S.; Siddiqua, D. Cadaver Study if the Morphometry of the Ovary in Bangladeshi

Women. Anwer Khan Mod. Med. Coll. J. 2012, 3, 19–22. [CrossRef]
22. Baker, T.G. A quantitative and cytological study of germ cells in human ovaries. Proc. R. Soc. Lond. B Biol. Sci. 1963, 158, 417–433.

[CrossRef]
23. Oktem, O.; Oktay, K. Quantitative assessment of the impact of chemotherapy on ovarian follicle reserve and stromal function.

Cancer 2007, 110, 2222–2229. [CrossRef]
24. Hovatta, O.; Silye, R.; Krausz, T.; Abir, R.; Margara, R.; Trew, G.; Lass, A.; Winston, R.M. Cryopreservation of human ovarian

tissue using dimethylsulphoxide and propanediol-sucrose as cryoprotectants. Hum. Reprod. 1996, 11, 1268–1272. [CrossRef]
[PubMed]

25. Lass, A.; Silye, R.; Abrams, D.C.; Krausz, T.; Hovatta, O.; Margara, R.; Winston, R.M. Follicular density in ovarian biopsy of
infertile women: A novel method to assess ovarian reserve. Hum. Reprod. 1997, 12, 1028–1031. [CrossRef] [PubMed]

26. Tilly, J.L. Ovarian follicle counts—Not as simple as 1, 2, 3. Reprod. Biol. Endocrinol. 2003, 1, 11. [CrossRef] [PubMed]
27. Bucci, T.J.; Bolon, B.; Warbritton, A.R.; Chen, J.J.; Heindel, J.J. Influence of sampling on the reproducibility of ovarian follicle

counts in mouse toxicity studies. Reprod. Toxicol. 1997, 11, 689–696. [CrossRef]
28. Gougeon, A. Dynamics of follicular growth in the human: A model from preliminary results. Hum. Reprod. 1986, 1, 81–87.

[CrossRef]
29. Rani, V.U.; Devi, V.S. Morphological and morphometric parameters of human ovaries from embryonic to menopausal age. Int. J.

Appl. Basic Med. Res. 2011, 1, 89–92.
30. Perven, H.A.; Nurunnabi, A.S.; Ara, S.; Jahan, M.U. Cadaver study of the volume of the ovary in Bangladeshi women. Bangladesh

Med. Res. Counc. Bull. 2014, 40, 15–17. [CrossRef]

http://doi.org/10.1093/humupd/5.3.256
http://www.ncbi.nlm.nih.gov/pubmed/10438110
http://doi.org/10.1186/1477-7827-9-23
http://doi.org/10.1016/j.fertnstert.2014.12.093
http://doi.org/10.1371/journal.pone.0174770
http://doi.org/10.1016/j.fertnstert.2017.02.107
http://www.ncbi.nlm.nih.gov/pubmed/28292618
http://doi.org/10.15585/mmwr.ss7104a1
http://doi.org/10.1186/1477-7827-12-125
http://doi.org/10.1530/EJE-19-0373
http://doi.org/10.1155/2012/305025
http://www.ncbi.nlm.nih.gov/pubmed/22496698
http://doi.org/10.1093/humrep/12.2.294
http://www.ncbi.nlm.nih.gov/pubmed/9070714
http://doi.org/10.1080/09513590.2016.1259406
http://www.ncbi.nlm.nih.gov/pubmed/27910705
http://doi.org/10.1006/gyno.2000.5783
http://www.ncbi.nlm.nih.gov/pubmed/10831351
http://doi.org/10.1371/journal.pone.0071465
http://doi.org/10.5653/cerm.2019.00374
http://doi.org/10.1002/ar.1092310208
http://doi.org/10.3329/akmmcj.v3i2.11689
http://doi.org/10.1097/00006254-196408000-00038
http://doi.org/10.1002/cncr.23071
http://doi.org/10.1093/oxfordjournals.humrep.a019370
http://www.ncbi.nlm.nih.gov/pubmed/8671438
http://doi.org/10.1093/humrep/12.5.1028
http://www.ncbi.nlm.nih.gov/pubmed/9194660
http://doi.org/10.1186/1477-7827-1-11
http://www.ncbi.nlm.nih.gov/pubmed/12646064
http://doi.org/10.1016/S0890-6238(97)00034-8
http://doi.org/10.1093/oxfordjournals.humrep.a136365
http://doi.org/10.3329/bmrcb.v40i1.20323


J. Pers. Med. 2023, 13, 232 12 of 12

31. Ahmed, M.S.; Khalil, M.; Rahman, M.B.; Mannan, S.; Sultana, S.Z.; Ara, Z.G.; Rahman, M.M. Morphological Study of Length,
Breadth and Thickness of the Ovary at Different Age Group in Bangladeshi People. J. Bangladesh Soc. Physiol. 2009, 2, 24–27.
[CrossRef]

32. Deb, S.; Kannamannadiar, J.; Campbell, B.K.; Clewes, J.S.; Raine-Fenning, N.J. The interovarian variation in three-dimensional
ultrasound markers of ovarian reserve in women undergoing baseline investigation for subfertility. Fertil. Steril. 2011, 95, 667–672.
[CrossRef]

33. Sills, E.S.; Alper, M.M.; Walsh, A.P. Ovarian reserve screening in infertility: Practical applications and theoretical directions for
research. Eur. J. Obstet. Gynecol. Reprod. Biol. 2009, 146, 30–36. [CrossRef]

34. Broer, S.L.; Dólleman, M.; van Disseldorp, J.; Broeze, K.A.; Opmeer, B.C.; Bossuyt, P.M.; Eijkemans, M.J.; Mol, B.W.; Broekmans,
F.J.; IPD-EXPORT Study Group. Prediction of an excessive response in in vitro fertilization from patient characteristics and
ovarian reserve tests and comparison in subgroups: An individual patient data meta-analysis. Fertil. Steril. 2013, 100, 420–429.
[CrossRef]

35. Alserri, A.; Kuriya, A.; Holzer, H.; Tulandi, T. Lateralization of ovarian follicles. Gynecol. Obstet. Investig. 2014, 77, 117–120.
[CrossRef] [PubMed]

36. Jokubkiene, L.; Sladkevicius, P.; Valentin, L. Ovarian size and vascularization as assessed by three-dimensional grayscale and
power Doppler ultrasound in asymptomatic women 20-39 years old using combined oral contraceptives. Contraception 2012, 86,
257–267. [CrossRef] [PubMed]

37. Jokubkiene, L.; Sladkevicius, P.; Valentin, L. Number of antral follicles, ovarian volume, and vascular indices in asymptomatic
women 20 to 39 years old as assessed by 3-dimensional sonography: A prospective cross-sectional study. J. Ultrasound Med. 2012,
31, 1635–1649. [CrossRef] [PubMed]

38. Gupta, R.; Gupta, A.; Aggarwal, N. Variations of gonadal veins: Embryological prospective and clinical significance. J. Clin.
Diagn. Res. 2015, 9, AC08–AC10. [CrossRef]

39. Ghosh, A.; Chaudhury, S. A cadaveric study of ovarian veins: Variations, measurements and clinical significance. Anat. Cell Biol.
2019, 52, 385–389. [CrossRef]

40. Karaosmanoglu, D.; Karcaaltincaba, M.; Karcaaltincaba, D.; Akata, D.; Ozmen, M. MDCT of the ovarian vein: Normal anatomy
and pathology. AJR Am. J. Roentgenol. 2009, 192, 295–299. [CrossRef]

41. Kurklinsky, A.K.; Rooke, T.W. Nutcracker phenomenon and nutcracker syndrome. Mayo Clin. Proc. 2010, 85, 552–559. [CrossRef]
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