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Abstract

The aim of the study was to provide values for morphometric parameters of

histological components of normally delivered full term placentas of Sudanese

women and compare them with reported parameters for other ethnic groups. A total

of 200 histological sections, stained with hematoxylin and eosin and trichrome

stains were used to give a final sample of 1000 fields saved as PowerPoint images

for histomorphometry. A systematic random sampling procedure was adopted to

ensure the optimum sample size that keeps the percentage error below 5% for the

volume estimates. Standard stereological methods of point-counting and intersec-

tion-counting were applied to the microscopic fields to determine the volumes of

placental components and surface area of fetal-maternal interface. The morpho-

metric parameters showed no variations either between the placentas or between

central and peripheral regions. The placental villi and the intervillus space

occupied 65% and 35% of placental volume respectively with mean absolute values

of 318 cm3 and 169 cm3. The mean absolute volume of the intervillus space was

less than that of other ethnic groups by 8.67% but was significantly larger than that

of the fetal capillaries which measured 41.2 cm3. The ratio of the absolute volume

of the intervillus space to the volume of the fetal blood capillaries was 4:1 in both

Sudanese and other ethnic groups. In the placental villi the fetal connective tissue

together with the contained blood vessels larger than capillaries occupied 88% of

the villus volume. The mean surface area of the fetal-maternal interface of the

placental villi (syncytiotrophoblast) was 12.59 M2.
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1. Introduction

If significant variations in morphometric parameters of the placenta existed

between ethnic groups, then pregnancy complications such as diabetes and

hypertension would have different effects on the particular placenta and hence on

the growth of the fetus. Therefore quantitative histological studies of the normal

placenta will be of clinical significance as well as advancing the knowledge about

placental function.

Studies of the placental structure are a prerequisite for a more perfect

understanding of fetal development and help to reveal the causes of prenatal

deaths. Moreover, medicolegal decisions concerning problems around the time of

birth may be enhanced by placental findings.

Morphometric data may explain an abnormal neonatal condition which may arise

during the first few days of an infant’s life. Such data, whether histological or

macroscopic, will help to clarify whether a particular disease has a prenatal onset.

Furthermore, some maternal conditions necessitate placental quantitative histolog-

ical examination, for example preeclampsia, gestational diabetes and hypertension.

Over the last few decades morphometric techniques have been developed which

allow structural data to be quantified and thus facilitate comparison with functional

studies. The history of the development and application of the point-counting and

intersection-counting principles to volume and surface area estimation has been

reviewed [1, 2, 3, 4, 5, 6].

The structure and development of the placenta have been reviewed by Laga et al.

[7] Baur [8] and Moore and Persaud [9] who stated that the parenchyma of the

human placenta consisted of intervillus space and chorionic villi. The placenta is a

massive maternal arteriovenous shunt, (maternal component) in which the fetal

component (chorionic villi) are bathed to provide the exchange surface.

The placental villi were classified into stem villi, mature intermediate villi,

terminal villi, immature intermediate villi and mesenchymal villi, based on the size

of the villus, stromal characteristics and vessel structure [10]. The syncytiotropho-

blast is extremely attenuated and covers the terminal villi forming the maternal-

fetal exchange surface [10].

The use of stereological methods in studies of placental structure and interpretation

of placental functional morphology from the whole organ to the molecular level

has been described [11, 12, 13]. Morphometric parameters reported in the literature

for the placenta of non-Sudanese women are the volume densities and absolute

volumes of the placental villi, intervillus space, fetal blood vessels and surface area
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of the villi [14, 15, 16, 17, 18]. The villus volume estimated by these researchers

ranged from 204 cm3 to 259 cm3; the volume of the intervillus space being 276 cm3

[18]. The reported values for the absolute surface area of the villi (syncytio-

trophoblast), were consistent and showed no significant variations between the

studied ethnicities; ranging from 11 M2 to 16 M2 [14, 15, 16, 17, 18].

This study has been undertaken to provide quantitative data on the normal

parenchyma of the placenta of Sudanese women through stereological analysis of

histological sections with the aim of providing the basis for comparing the effect of

pregnancy complications on the structure of the placenta in Sudanese population.

Morphometric data has been reported for the placentas of other ethnicities but

variations frequently occur between ethnic groups as evident in various aspects of

medical research. Therefore the specific objective of this study is to apply

stereological methods to histological sections of full term placenta of Sudanese

women with uncomplicated pregnancies in order to determine the following

parameters:-

1. Volume of placental villi.

2. Volume of intervillus space.

3. Volume of fetal blood capillaries.

4. Volume of stroma of fetal villi.

5. Surface area of fetal-maternal interface (trophoblast).

2. Materials and methods

The material for this study consisted of samples of full term placentas of Sudanese

mothers of uncomplicated pregnancies and normal deliveries obtained from the

Maternity Hospital. Informed consent was obtained from the mothers well before

the expected time of delivery. The proposal for this investigation was approved by

the Ethics Committee, Faculty of Medicine, University of Khartoum.

A total of 20 placentas were collected making sure that the umbilical cord was

clamped immediately after delivery in order to preserve the vascular architecture.

After recording the weight of the placenta, ten blocks (1 cm x 2 cm) were taken at

random from each specimen for histological processing. Five blocks were taken

from each of the central and peripheral regions of the placenta. The samples were

fixed in 10% formol-saline for 2–3 days, and processed for histology. Paraffin

sections were cut at 7 μm thickness and stained with haematoxylin and eosin and

with trichrome stain. The sections were examined under the light microscope at

different magnifications to assess the quality of the villi and intervillus spaces. One

section was taken from each block on the basis of its technical quality.
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The microscopic fields were chosen by blind random displacement of the stage of

the microscope without looking through the tube to avoid bias. The fields were

photographed at two levels of magnifications (x 10 and x 40). For histomorpho-

metry sampling is inevitable as it is impossible to examine the entire organ by

stereological methods.

The systematic random sampling procedure [19] was adopted in the present study

because it is more precise and efficient in the estimation of morphometric

parameters [6]. This sampling procedure gave a final sample size of 1000

microscopic fields out of 200 histological sections which were saved as

PowerPoint images. The images were analyzed by stereological methods of

point-counting and intersection-counting in order to determine the volume

densities (Vv) of the components of the parenchyma of the placenta and the

surface density (Sv) of the trophoblast [1, 2, 5].These parameters were used to

calculate absolute volumes and surface area.

2.1. Determination of the volume densities

The point-counting method was used for the determination of Vv of placental

components at a magnification of x 40. A grid of 1 cm square lattice was installed

and superimposed randomly on the PowerPoint image of each of the 1000 fields of

the parenchyma of the placenta (Fig. 1). The intersections of the lines at the corners

of the grid squares constituted the points for counting; the total number of points on

the grid being 100 points The number of points falling on each of the following

[(Fig._1)TD$FIG]

Fig. 1. Point-counting for volume density (Vv). A square lattice grid of 100 points superimposed

randomly on a field of a histological section of the placenta for point-counting. The volume densities of

the components are calculated from the point count. V, placental villi. IS, intervillus space. Arrows

indicate fetal blood capillaries running parallel to the villus surface. Trichrome stain. x285.
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components of the parenchyma of the placenta was counted directly on the

computer screen:-

1. Placental villi.

2. Intervillus space.

3. Fetal blood capillaries.

4. Fetal connective tissue (stroma of villi).

In order to determine the total number of points required for a 5% standard error

(95% confidence) a preliminary estimate of Vv of each component of the placenta

was calculated. The necessary number of points for each component was then

determined from the graph given by Anderson and Dunnill [4] using the

preliminary estimate of Vv.

2.2. Calculation of the absolute volumes

The absolute volumes of the fetal blood capillaries and that of the stroma of the

villi were calculated separately as the products of the Vv and the global (total)

placental volume which was taken in turn as the quotient of the placental weight

and density. The placental density was taken to be 1.05 gm−3 [15, 20].

For the sake of determination of Vv in this study, the villi and the

syncytiotrophoblast are considered as one unit. This is because in full term

placenta the trophoblast occupies a very small proportion of the placental volume;

being reduced to a very thin barrier (0.5–2 μm) on the villus surface, consisting of

syncytiotrophoblast only [10].

2.3. Statistical analysis

Weibel [21] indicated that it is sufficient to restrict the statistical analysis of the

data obtained by the point-counting method to the determination of arithmetic

mean and the standard deviation. In this study, these were calculated separately for

the Vv of each component of the placenta.

2.4. Determination of the surface density of the trophoblast

The details of the derivation of the formula of the intersection- countingmethod (Sv

= 2 x I/Lt) and its application for the determination of thesurface density Sv,

(hence the absolute surface area), of barriers and membranes, were described [1,

22].

For the determination of the surface density of the syncytiotrophoblast (Svt), which
forms the fetal maternal interface, the fields were photographed at a magnification
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of x 10. This level of magnification provided a large sample area where the number

of villus profiles available for intersection-count was far greater than at a higher

level, since the target feature for counting was the villus surface (i.e. trophoblast).

A grid of parallel lines of known lengths was installed and superimposed on the

PowerPoint slide image of each of the 1000 fields (Fig. 2). The length of each line

was measured directly on the computer screen. The total length of the test lines, Lt,

was corrected for magnification using the ratio of the diameter of the power point

field to the diameter of the microscopic field which was measured with an eyepiece

graticule calibrated with a stage micrometer (Graticules Ltd, Tonbridge, Kent).

The Svt was calculated using the formula of Weibel et al. [1]. The absolute surface

area of the trophoblast was calculated separately as the products of the Svt and the

global (total) placental volume [5].

3. Results and discussion

The data obtained by the point-counting and intersection-counting method

presented no significant variation between the placentas in this study. The results

are presented as mean values of the morphometric parameters in Table 1

3.1. Volume densities and absolute volumes of placental com-
ponents

In the full term placenta the trophoblast was extremely attenuated, being reduced to

a very thin barrier of syncytiotrophoblast. It occupied a small proportion (about

[(Fig._2)TD$FIG]

Fig. 2. Intersection-counting for surface density (Sv). A grid of parallel lines superimposed on a field of

a placental section for intersection-counting for the determination of Sv of the trophoblast. The point

where the line passes from the intervillus space into the villus is counted as one intersection.Trichrome

stain. x285.

Article No~e00135

6 http://dx.doi.org/10.1016/j.heliyon.2016.e00135

2405-8440/© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://dx.doi.org/10.1016/j.heliyon.2016.e00135


8%) of the placental volume [16]. In most parts of the villus the thickness of the

syncytiotrophoblast was 0.5–2 μm [10]. it was considered in this study as an

integral part of the villus. Together with the villus core they were taken as one

component giving a volume density of 0.65 ± 0.04. The syncytial knots were

ignored because they were temporary structures that break away into the maternal

blood at all stages of gestation [10]. Jackson et al. [23] and Burton et al. [10]

reported the classification and the identifying features of the placental villi and

stated that the terminal villi were covered by extremely attenuated syncyteo-

trophoblast.

The stem or primary villi were excluded because they were few in the parenchyma

and their function is supportive rather than being involved in exchange of

substances [10]. In the mature placenta exchange of substances mostly occurs in

the terminal villi. Since the volume density of the villi as such does not reflect

function, global placental volume must be taken into account to obtain volumetric

parameters which can be compared with physiological values.

A comparison between the results obtained in this study for the placentas of

Sudanese women and that reported by independent research groups for other

ethnicities is shown in Table 2. The mean absolute volume of the villi in the

placenta of Sudanese women was higher than that calculated for the non-Sudanese

women. However, it was close to that reported for indigenous Brazilian women

[24]. Furthermore, Haeussner, et al. [25] using a procedure for quantitative analysis

of three dimensional reconstructions of placental villi gave an absolute volume of

197 cm3 for the villi of the placenta of German women. This value is below the

range given by independent researchers for the villi in other ethnic groups shown in

Table 2. A relatively larger volume of the placental villi is indicative of extensive

Table 1. Mean values of placental parameters determined by stereological methods for the placenta of

Sudanese women. Values for the intervillus space and the villi pertain to the mean placental global volume

(487.69 cm3) and values for the fetal components pertain to the mean volume of the placental villi (318.66

cm3).

Parameter Percentage volume Absolute values
Mean ± SD

Volume of
intervillus space

34.7% 169.34 ± 20 (cm3)

Volume of placental villi 65.3% 318.66 ± 20 (cm3)

Volume of
fetal blood capillaries

13% 41.42 ± 14.47 (cm3)

Volume of fetal connective tissue and blood vessels larger than capillaries 87% 277.23 ± 16.7 (cm3)

Surface area of trophoblast
(villus surface area)

- 12.59 ± 1.02 (M2)
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Table 2. Comparison of the morphometric parameters obtained in the present study for placentas of Sudanese women with those of placentas of non-

Sudanese women from various ethnic groups reported in the literature by independent researchers from 1966–2003.

Parameter Values reported by independent research groups for placentas of non-Sudanese women Mean values in
this study for placentas

of Sudanese
women
(2016)

Aherne and
Dunnill (1966)English

Laga
et al. (1973)
American

Bouw
et al.

(1976)
Nether lands

Burton and Jauniau
(1995)

Mayhew et al. (2003)
Bolivian

Mean value

Placental volume
(cm3)

488 488 540 476 - 488 487.69

Volume of
intervillus space (cm3)

144 110 210 180 276 184 169.34

Volume of villi (cm3) 224 204 239 253 259 235.8 318.66

Volume of
fetal blood capillaries
(cm3)

45 36 74 36 48 47.8 41.42

Surface area of villi M2 11 16.7 13.3 12.6 11 12.9 12.59
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branching which provides a larger surface area for exchange. The volume densities

of the components of the placenta showed no variations between the peripheral and

central regions which reflect homogeneity of the parenchyma. Local changes in the

volume density of placental villi may not necessarily result in changes in the total

placental volume [26, 27]. Premoli et al. [24] found no significant differences in

volume densities in placentas of indigenous and non-indigenous Brazilian women,

and Jackson et al. [28] reported similar findings for indigenous and non-indigenous

Bolivian women. However, Premoli et al. [24] reported differences in the absolute

volumes of the villi and intervillus spaces in two Brazilian ethnic groups. The villi

and the intervillus space constitute the parenchyma of the full term placenta [7, 8,

9].

It is interesting to note that recently Heidary et al. [29] reported values for the

percentage volumes of the villi (66%) and intervillus space (34%) in placenta

previa of Iranian women which were very close to the values for the normally

implanted placenta of Sudanese women found in the present study (65% and 35%

respectively). This indicates that the site of implantation within the endometrium

has no impact on the volume densities of the placental villi and the intervillus

space. However, the absolute volumes of these components may be affected

because the site of implantation is likely to affect the total volume of the placenta.

The core of the villi in the placentas contained fetal connective tissue (stroma) with

fine collagen fibers and fetal blood vessels larger than capillaries. These structures

were considered as one component and together they constituted 87% of the total

volume of the placental villi, giving a mean absolute volume of about 277 cm3

(Table 1). Within mature villi blood vessels larger than capillaries give way to long

coiled capillary loops called sinusoids [10]. In the present study large fetal

capillaries were located in a more peripheral position within the villus running

closely parallel to the thin syncytiotrophoblast (Fig. 1).

The volume of the intervillus space in the placenta of Sudanese women was within

the range of values given for those of other ethnic groups (Table 2). The volume of

the intervillus space, which constitutes the maternal blood volume, was four times

that of the fetal capillaries in the villi. This finding agrees with that reported for

Bolivian women [30]. The remarkable difference in volumes of fetal and maternal

blood favors the process of exchange of substances between mother and fetus

especially when coupled with a large exchange surface area for diffusion. This is

because the large volume of maternal blood provides large amounts of nutrients

and oxygen per unit time for exchange with fetal blood. The morphometrically

determined volume of the intervillus space should be equivalent to the

physiological value of the maternal blood that is available for exchange with

fetal blood. The intervillus space of the mature placenta contains about 150 ml of

maternal blood that is replenished three or four times per minute [9]. Furthermore,

roughly 40% of total placental volume in European women was occupied by the
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maternal blood space giving a value of 176 cm3 [30]. This is close to the present

value for the placentas of Sudanese women revealed by this study which is 169.34

cm3. Although this value is lower than that reported for the placenta of Bolivian

women [18] and for that of women from Netherland [16], it is greater than those

reported by other researchers for English and American women (Table 2).

Presently, the mean volume of the intervillus space is less than the mean which can

be calculated from Table 2 for the placenta of non-Sudanese women by only 8%.

On the other hand, the volume of the fetal blood capillaries in the placentas of

Sudanese women was close to the values reported for the placenta of English and

Bolivian women. However, a rather higher value was shown for the placenta of

women from Netherland [16]. The mean volume of the fetal blood capillaries in the

placenta of Sudanese women was about 25% of that of the intervillus space. This

percentage is consistent with that in the placenta of non-Sudanese women (24%)

which can be calculated from Table 2.

3.2. Surface density and absolute surface area of villi (tropho-
blast)

One of the factors that ensure optimum rate of exchange is a large surface area of

the fetal-maternal interface, which is the surface area of the trophoblast. It also

constitutes the internal surface area of the intervillus space which is expected to

increase with the gestational age to reach its maximum in the full term placenta.

Presently in the placenta of Sudanese women, the surface density of the villi was

258 cm2/cm3. The resultant absolute surface area was similar to that in other ethnic

groups shown in Table 2 except for Laga et al. [15] who gave a value of 16.7 M2

for American women. Furthermore, values of 13 M2 and 11 M2 were reported for

two Brazilian ethnic groups [24]. Similar values were found in the normal placenta

of Bolivian and Bosnian women [31, 32]. The increase in the surface density of the

villi in the human placenta indicates morphologically a more profuse branching of

the villi [8].

4. Conclusions

Morphometry of the placenta offers valuable means for comparing the estimated

parameters with physiologically and clinically determined values. The percentage

volumes occupied by the placental villi and the intervillus space in placenta of

Sudanese women were within the range of values reported in the literature for the

placenta of other ethnic groups. The mean absolute volume of the intervillus space

was less than that calculated for the placenta of non-Sudanese women by only 8%.

The mean volume of the fetal blood capillaries was 25% of that of the intervillus

space which is consistent with the findings in non-Sudanese women. The

remarkable difference in volumes of fetal and maternal blood volumes in the

placenta favors the process of exchange of substances for the benefit of the fetus
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because a larger volume of intervillus space contains larger amounts of nutrients

and oxygen. In both Sudanese and non-Sudanese women the mean volume of the

intervillus space was about four times that of the fetal blood capillaries. The

surface density of the fetal maternal interface showed no variations between

regions of the placenta. The mean absolute surface area of the fetal maternal

interface was 12 M2 which is similar to the mean value reported for the placenta of

other ethnic groups. It is hoped that this study would encourage researchers to

provide morphometric data on placentas of other ethnicities which have not yet

been studied in order to have a comprehensive record on this subject.
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