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ABSTRACT

Aim To determine stereological structural parameters of the pa-
renchymal part of the placenta, placental weight and volume of 
adolescent pregnant women and their correlation with newborns’ 
birth weight. 

Methods This prospective study was conducted on a total of 60 
human placentas of term pregnancy, divided into two groups 
according to the age of pregnant women. Experimental group 
consisted of 30 placentas of pregnant women aged 13-19 years. 
Control group consisted of 30 placentas of pregnant women aged 
20-35 years. Stereological analysis was performed. 

Results Volumetric density of terminal villi of adolescent placentas 
was significantly higher than the one of control group (p <0.0001). 
The volumetric density of fibrinoid of adolescent placentas was 
significantly lower than of the control group (p <0.0001). Total 
volume of terminal villi of adolescent placentas was significantly 
higher than of the control group (p<0.0001). The total volume of 
fibrinoid of adolescent placentas was significantly lower than of 
the control group (p<0.0001). Newborns of adolescent pregnanci-
es had in average lower birth weight of 439.01 g compared to the 
newborns of the control group (p <0.00001). 

Conclusion Adolescent pregnancy affects placental structure, 
weight and volume. Newborns of  adolescent pregnancy have op-
timal body weight.

Key words: adolescent pregnancy, histological techniques, mater-
nal-fetal exchange
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INTRODUCTION

Adolescence is a dynamic lifespan in which an 
individual passes from childhood to a full matu-
rity period, a period of rapid growth and deve-
lopment in which progressive anatomical, physi-
ological and mental changes occur. According 
to modern concepts, adolescence is considered a 
period of 10 to 19 years of age, and the optimal 
age for pregnancy and birth is from the age of 20 
to 29 (1). Problems of pregnancy and childbirth 
at this age require a specific approach, because 
complications during pregnancy and childbirth 
are the leading cause of death for 15 to 19 year-
old girls global (2). Pregnancy in the adolescent 
age is associated with an increased risk of adver-
se outcome of pregnancy like premature birth, 
low birth weight of the newborn, preterm pre-
mature rupture of membranes, premature rupture 
of membranes and a high rate of morbidity and 
mortality in the first year of life (2-6).
Despite socioeconomic progress, because the 
global population of adolescents continues to 
grow, projections indicate the number of adoles-
cent pregnancies will increase globally by 2030 
(7). The annual number of adolescent births amo-
unts to 18.5 million, which is 14% of the total 
number of deliveries, and 95% of this number 
belongs to developing countries, which includes 
Bosnia and Herzegovina (B&H) (1,8). 
Mechanisms involved in mediating the effects 
of the adolescent age on fetal growth and deve-
lopment remain insufficiently known, but are tho-
ught to be related primarily to the placenta (9). 
Research dedicated to the histological and espe-
cially the stereological analysis of the placenta in 
adolescent pregnancy and its impact on human 
pregnancy are very scarce. The results suggest an 
increase in placental efficiency, or the ability of 
compensatory mechanisms to support fetal growth 
per gram of placenta. This points to the fact that 
the adolescent placentas promotes fetal growth 
and development by increasing their functional 
efficacy, but at the same time there are changes in 
the placental weight and structure (9-11).  
Numerous studies analysed the parameters of 
terminal villi, intervilous space and fibrinoid, but 
not the one of the placenta of adolescent pregnant 
women (12-16). Despite of the great global signi-
ficance of the course and outcome of adolescent 
pregnancy in B&H there were no such studies. 

The aim of the study was to determine the stereo-
logical structural parameters of the parenchymal 
part of the placenta (volumetric density and total 
volume of terminal villi, intervillous space and fi-
brinoid), adolescent placental weight and volume 
and their correlation with newborns’ birth weight.

PATIENTS AND METHODS

Patients and study design

The study of the morphological structure of placen-
ta was performed at the Department of Histology 
and Embryology at the School of Medicine, Uni-
versity of Tuzla. The study was conducted on a total 
of 60 human placentas of term pregnancy, divided 
into two groups according to the age of pregnant 
women. The first group consisted of 30 placenta of 
pregnant women aged 13-19 (experimental group). 
The second group consisted of 30 placenta of pre-
gnant women aged 20-35 (control group).
A total of 300 newborns were divided into two 
groups. The first group consisted of 150 newborns 
of mothers aged 13-19. The second group consi-
sted of 150 newborns of mothers aged 20-35.
The survey was approved by the Ethics Com-
mittee of the University Clinical Center Tuzla. 

Methods

From each examined placenta, the amniotic 
membranes and umbilical cord were firstly remo-
ved. The weight of the placenta was determined 
by weighing on the digital weigh (Mettler-Toledo 
PB 602-S), and the measured weight being roun-
ded to the nearest 1 gram value. The volume of 
the placenta was determined indirectly, by mea-
suring the amount of fluid discharged according 
to the Archimedes principle (17).
For histological processing, tissue samples were 
taken through the thickness of the entire organ, 
from the chorionic to the basal plate (parenchy-
mal part). From each placenta five tissue samples 
were taken (dimension of 1 cm3). The tissue was 
fixed in a 10% aqueous neutral formalin solution, 
moulded into paraffin and cut into cuts of 8 μm 
thickness. The deparaffinized cuts are coloured 
by hemalaun and eosin (HE).
The compiled hierarchical model of the placenta 
contained a detailed parenchymal part of the or-
gan that was the subject of quantitative analysis.
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Photographing histological preparations was done 
at the Department of Pathology, Polyclinic for 
Laboratory Diagnostics, UCC Tuzla. For this pur-
pose, the research microscope (Olympus BX 51) 
with an integrated digital camera (Olympus DP 
70) was used. On the same microscope, calibra-
tion was performed using digital imaging proce-
ssing software using application software (Olym-
pus DP-BSW Ver. 02.01). Analysis of histological 
compositions was done on 10x magnification.
Computer assisted morphological analysis of 
images of histological preparations using ste-
reological methods was performed. For the ste-
reological analysis, the reference area was the 
parenchymal part of the placenta: terminal villi, 
intervillous space and fibrinoid.
The size of the sample, or the required number of 
stereological measurements for each of the investi-
gated variables in both groups of pregnant women 
was determined by the De Hoff procedure (17).
Stereological analysis was carried out by the 
multipurpose test system using a 10x lens. The 
quantitative analysis included the relative and to-
tal variables of the relevant structures.
Relative stereological variables represent the frac-
tion of the tested structure in the volume unit. Vo-
lumetric density (Vv)  is a relative stereological 
variable that indicates the volume of the investi-
gated structure in the organ’s volume unit (mm°).
The volumetric density of terminal villi (Vvtv) 
, volumetric density of the intervillous space 
(Vvivs) and volumetric density of the fibrinoid 
(Vvf) of adolescent placentas and the placenta of 
the control group were determined.
Absolute stereological variables represent the 
proportion of the examined structure in the vo-
lume of the entire organ. Absolute variables were 
calculated by numerical results of relative ste-
reological variables and absolute organ volume. 
Certain absolute volume placenta allows a calcu-
lation of the total volume indirectly.
The total volume (V) denotes the total volume of 
the investigated structural components within the 
entire organ’s volume (cm3). Total volume of ter-
minal villi (Vtv), total volume of intervillous space 
(Vivs) and total volume of fibrinoid (Vf) of adoles-
cent placentas  and control group were determined.
The newborns’ body weight was measured imme-
diately after birth with the mechanical weight, 

where the weight was rounded to the nearest 10 
grams. All planned measurements were made 
according to the provisions of the International 
Biological Program, anthropological methods 
and standardized instruments (18).

Statistical analysis

The t-test (statistical comparison test), the χ2 test 
(frequency comparison test), and the z-test (pro-
portional test) were used. Statistically significant 
difference was set to less than 5%.

RESULTS

The examined adolescent placental weight ran-
ged from 359 to 640 g (average of 480.3±84.606 
g). The placental weight of control group ranged 
from 504 to 685 g (average of 575.1 ± 47.343 g) 
(p <0.0001).
Adolescent placental volume was in the range of 
320-655 cm3 (average 481.2 ± 86.277), and pla-
cental volume in the control group 490-670 cm3 

(average 563.066 ± 48.312) (p <0.0001).
The volumetric density of the terminal villi of 
adolescent (Vvtva) and control group (Vvtvc) 
placentas was in the range of 0.58-0.738 mm° 
and 0.342 to 0.542 mm°, respectively (Figure 1).

Figure 1. Volumetric density of terminal villi (Vvtv) of adoles-
cent and control group placentas

The average Vvtva was significantly higher than 
Vvtvc, 0.665 ± 0.0455 mm°and 0.433±0.0486 
mm°, respectively (p<0.0001).
The volumetric density of intervilous space of 
adolescent placentas (Vvivsa) women ranged 
from 0.214 to 0.395 mm°, and 0.4 to 0.604 mm° 
of the placentas of the control group (Vvivsc). 
The average value of Vvivsa and Vvivsc was 
0.297 ± 0.045 mm° and 0.497±0.052 mm°, res-
pectively (p<0.0001).
The volumetric density of fibrinoid of adolescent 
placentas (Vvfa) ranged from 0 to 0.076 mm° 
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and the fibrinoid placenta of control group (Vvfc) 
from 0.028 to 0.08 mm° (Figure 2).

The average value of the Vivsa was143.138±34.797 
cm3, and Vivsc 279.496 ± 30.438 cm3 (p<0.0001). 
The total volume of fibrinoid of adolescent pla-
centas (Vfa) ranged from 0 to 30.714 cm3, and in 
the placenta of the of the control group (Vfc) it 
ranged from 16.142 to 48.571 cm3. The average 
Vfa was significantly lower than the Vfc, 13.498 
± 9.435 cm3 and 29.399±8.131 cm3, respectively 
(p<0.0001).  
The average body weight of newborns of  adoles-
cent pregnancies was 3012.66 ± 507.93 g, in the 
control group it was 3451.67±477.5 g. Newborns 
from adolescent pregnancies have in average 
lower birth weight for 439.01 g compared to 
newborns of the control group (p<0.00001).

DISCUSSION

This research was done with the aim of establis-
hing the morphometric structural parameters of 
the parenchymal part of the placenta in adoles-
cent pregnancy and to determine the influence of 
the adolescent age on the course of pregnancy, 
intrauterine growth and the condition of the 
newborn at birth.
The results of our study showed adolescent pla-
centas were on average 94.8 g lower weight com-
paring to control group, but placental weights in 
both groups were within the optimum value, as 
other studies showed as well (9,11,19). Adoles-
cent placental volume of 81.86 cm3 was (signi-
ficantly) lower in comparison with the control 
group although obtained placental values of both 
examined groups were within the optimal values, 
which correlates with a study of Balihallimath 
et al (11). It is important to point out that the 
weight and volume of the placenta are in direct 
and significant correlation with the weight of the 
newborn (9,11,19,20), as our results showed. 
The conducted morphometric studies (11,21) 
have shown a significant correlation between 
weight, volume, thickness and total placental 
surface area with the weight of the newborn and 
gestation length. Studies on the weight and volu-
me of adolescent pregnant placenta reveal a posi-
tive correlation with preeclampsia, lower Apgar 
scores and fetal distress, pointing out that the 
decrease in weight and volume of the placenta 
is associated with an adverse pregnancy outcome 
(19,20). A significant decrease in volume and pla-
cental weight was also demonstrated in the study 

Figure 2. Volumetric density of fibrinoid (Vvf) of adolescent 
and control group placentas

Figure 3. Total volume of terminal villi (Vtv) of the adolescent 
and control group placentas

Figure 4. Values of the total volume of intervillous space (Vivs) 
of the adolescent and control group placentas

The average of Vvfa was significantly lower than 
Vvfc, 0.028±0. mm°and 0.052±0.012 mm°, res-
pectively (p <0.0001).
The total volume of terminal villi of adolescent 
placentas (Vtva) ranged from 219.428 to 417.952 
cm3, and in the placenta of control group (Vtvc) it 
ranged from 173.485 to 325.428 cm3 (Figure 3). 

The average value of the Vtva was significantly 
higher than Vtvc, 320.367 ± 62.533 cm3 and 
244.223 ± 36.764 cm3, respectively (p <0.0001). 
The total volume of the intervillous space of ado-
lescent placentas (Vivsa) ranged from 89.904 to 
215.428 cm3, and in the placenta of the control 
group (Vivsc) ranged from 200.8 to 325.833 cm3 
(Figure 4).
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of adolescent pregnant women with preterm deli-
very (21), and in other studies as well (10).
A (significant) difference of 23.2% of the average 
Vvtv, of 20% of the average Vvivs and 2.38% of 
the average Vvf between adolescent and the con-
trol group was found in our study. Much better 
and more important indicators of total growth and 
structural adjustment of the placenta are absolute 
values of stereological variables, as opposed to 
relative variables that are indirect indicators of 
these changes (22). A complete understanding of 
pathological structural changes requires a com-
plete and joint observation of all relative and total 
stereological variables in one place (22). Growth 
and development of terminal villi pass through 
significant structural changes in complicated pre-
gnancies such as adolescent pregnancy, leading 
to changes in the intervilous space (23,24). 
Our results of a stereological analysis for the 
relative and total variables of the parenchymal 
part of the placenta  deduce that the volumetric 
density and total volume of terminal villi of ado-
lescent pregnant women placentas were signi-
ficantly higher in relation to the same variables 
in the control group of pregnant women. It was 
a matter of extreme expansion of terminal villi, 
which by their spiralling occupied 66.5% of the 
parenchymal part of the placenta in an attempt 
to provide optimum maternal fetal exchange by 
increasing volumetric values (23). The difference 
in the Vtva in adolescent pregnancies compared 
to the placenta of the control group of 76.144 cm3 

was found in our study, suggesting compensatory 
placenta response to the prevailing hypoxia; but 
the response was pronounced by a branching that 
did not correspond to a rise in normal pregnancy 
as shown by Burton et al. study (12).
Thanks to a significant increase in the volume 
parameters of terminal villi of adolescent pre-
gnant women placentas (20% in our study), the-
re has been a compensatory decrease in volu-
me density and total volume of the intervillous 
space of placenta adolescent pregnancies, which 
could lead to a reduction in the total amount of 
maternal blood in that area, and thus in another 
way endanger the fetus (14). 
Fibrin deposits are the result of cascading blood 
coagulation reactions, and its role is to fill the 
cracks formed on the surface of syncytiotropho-

blasts. It can be found in each placenta and is not 
a pathological finding, except when it is found in 
a larger quantity (14). In the results of our study, a 
significantly lower total volume of fibrinoid in the 
adolescent placentas could be explained by a si-
gnificantly higher preterm birth in adolescent pre-
gnancies with an average duration of pregnancy 
of 35.428 gestational weeks, suggesting that there 
was no time for developing this degenerative pro-
cess until the end of pregnancy on a larger scale.
Placenta is a vital organ responsible for mainta-
ining pregnancy and promoting normal fetal de-
velopment and health. The outcome of pregnancy 
and the condition of the newborn are under the ne-
gative influence of structural pathological changes 
in the placenta (23,24). Different causes, including 
adolescent pregnancies, may lead to a decrease in 
placental weight and uteroplacental insufficiency 
and consequent delay in fetal growth (11). 
Postnatal assessment of intrauterine growth of 
neonates is based on standards specific to each 
environment (25). In our study for estimating in-
trauterine growth of newborns we used percenti-
le growth curves for the Tuzla Canton (18). The 
direct and distant prognosis of each newborn de-
pends on three basic characteristics, body mass, 
gestational maturity and functional maturity 
(18,25,26). Interventions and actions in terms of 
reducing the total number of adolescent pregnan-
cies will have little effect on the adverse outcome 
of pregnancy if social, health, and socio-econo-
mic factors are not included (8,26).
In conclusion, the outcome of adolescent pre-
gnancy for newborn birth weight was relatively 
favourable, but at the same time, the compen-
satory mechanisms of adolescent placenta were 
exhausted, which reflected on the weight and vo-
lume of these placenta as well as on stereological 
variables. For this reason future research is nece-
ssary for better understanding of the morphologi-
cal correlates of the efficiency of the parenhimal 
part of the adolescent placenta and their influence 
on fetal development.
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