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ABSTRACT 

Background: Placenta is the chorio-deciduate organ for exchanging nutrients and gases between mother and foetus. Pathological 
changes in the placenta have been observed in Gestational Diabetes Mellitus and it also affected neonatal outcomes. Owing to the 
increase in the incidence of Gestational Diabetes Mellitus, the following study was framed to analyse the morphological, 
morphometrical and histopathological features of the placenta and the neonatal outcomes among the Gestational Diabetes 
mellitus-complicated mothers in our population. 
Methods: 30 normal placenta (control), 30 Gestational Diabetes Mellitus complicated placenta (cases) and 30 neonates born to 
normal mothers(control), 30 neonates born to Gestational Diabetes Mellitus complicated mothers (cases) in our obstetric ward 
were included in the study. Parameters were framed to assess morphology, morphometry, histopathological changes of the 
placenta, biochemical profiles and neonatal outcomes between controls and cases.  
Results: Morphologically, 100% discoid-shaped placenta were observed both in controls and cases. The central type of umbilical 
cord attachment was seen more in controls, whereas the eccentric type predominated in cases. Statistically, there was a 
significant (p<0.5) difference between controls and cases in placental diameter, total cholesterol, High-Density Lipoprotein, Low-
Density Lipoprotein and HbA1C. Histopathological features showed high stromal calcification in controls and basement membrane 
thickening in some cases. Neonatal Intensive Care Unit admissions predominated as a neonatal outcome in controls and cases. 
Conclusion: The results of our study reflected significant changes in several parameters among placenta of Gestational Diabetes 
Mellitus complicated mothers. The future scope of the survey shall be immunohistochemical and radiological substantiations. 
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INTRODUCTION 

Gestational Diabetes Mellitus (GDM) is defined as 

“carbohydrate intolerance of variable severity with the 

onset of the first diagnosis during the present 

pregnancy” [1]. GDM is a transient insulin resistance state 

in which hormones in pregnancy, such as human 

placental lactogen (HPL), cortisol and progesterone, 
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significantly affect the placenta's fetal and neonatal 

outcomes [2]. GDM complications may affect the 

placental features like its weight, diameter, thickness [3-9], 

and vasculature and may exhibit pathological features 

like syncytial knots, cytotrophoblastic hyperplasia, 

basement membrane thickening, villous oedema, fibrin 

deposits, villous fibrosis and chorangiosis [10-21]. 

Maternal complications due to insulin resistance [22,23] in 

GDM include perinatal loss, infections, polyhydramnios, 

preterm labour, preeclampsia, birth injury, metabolic 

syndrome, chances of recurrences in the next pregnancy 

(50%), conversion of GDM to type 2 diabetes, 

dyslipidaemia (elevation in 1% of HbA1c may elevate 

18% in lipid profile) and cardiovascular complications [1]. 

The facilitated diffusion mechanism mainly transposes 
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glucose from the placenta to the fetus, and the feto-

maternal glucose concentration gradient determines the 

diffusion level. Fetal hyperglycaemia results from 

uncontrolled glycaemic levels in mothers, further 

elevating fetal insulin secretion and disarrayed growth 
[2,21-27]. Because of this, resulting neonatal complications 

in GDM are macrosomia, hypoglycaemia, respiratory 

distress syndrome, birth injury, shoulder dystocia, 

hyperbilirubinemia (jaundice), sepsis, Intrauterine 

growth retardation (IUGR), Neonatal intensive care unit 

(NICU admissions) and mortality [1,2,10,19,20,21,24-26]. The 

prevalence of GDM in India was around 0.53% in 2015-

16, increased to 0.80% in 2019-21 and further increased 

to 4.2% in 2023-24.  

The ephemeral life of the placenta is a significant period 

in the evolution of eutherian mammals. Functionally, 

Placenta is a feto-maternal organ which aids in the 

exchange of nutrients and gases between the mother 

and fetus [28,29]. Structurally, the placenta is a chorio-

deciduate organ (hemo-chorial), discoid in shape 

measuring 15 to 25 centimetres (cm) in diameter, 

weighing around 500-600 grams (g) and with a thickness 

of around 3 cm at the centre. The placenta comprises 

maternal and fetal components [29].  

Maternal component is derived from serotina or decidua 

basalis (endometrium). The maternal surface is rough 

because of cotyledons (15 to 30), each with a stem villus. 

Basal plate exhibited over the maternal surface 

constitutes stratum spongiosum of decidua basalis, 

cytotrophoblastic shell and syncytiotrophoblastic layers. 

Histological features of the basal plate include 

connective tissue, decidual plate and placental septa [29]. 

The fetal component is derived from extraembryonic 

mesoderm and trophoblast. The placenta's fetal surface 

is smooth and provides an area for the attachment of the 

umbilical cord. Based on the attachment of the Umbilical 

cord to the placenta, the placenta shall be classified into 

central, eccentric, marginal, velamentous and furcate 

types [3,24,29]. The chorionic plate covers the fetal surface 

and consists of syncytiotrophoblast, cytotrophoblast and 

extraembryonic mesoderm. Histological features of fetal 

surface include amnion cells (cuboidal epithelium), 

mesodermal tissue, fetal blood vessels and connective 

tissue [29]. 

Embryological development of the placenta includes 

primary villi constituting syncytiotrophoblast and 

cytotrophoblast, secondary villi comprising trophoblasts 

and extraembryonic mesoderm (EEM) and the final 

tertiary villi comprising trophoblasts, EEM and fetal 

capillaries. The area eroded by the syncytiotrophoblast is 

converted into lacunar (intervillous) spaces where 

maternal blood circulates [29]. Microscopic features of villi 

are multinucleated cytoplasmic mass 

(syncytiotrophoblast), syncytial knots (clusters of 

syncytiotrophoblast nuclei), cytotrophoblasts in early 

stages, mesodermal connective tissue, hofbauer cells 

(phagocytic cells), fetal blood vessels and intervillous 

space constituting maternal blood cells [29]. 

Based on the clinical complications of GDM and the 

progressive nature of the prevalence of GDM, despite 

the effective measures taken in the screening protocols 

by the national programs, updated documentation of the 

complications in our population due to GDM proves vital. 

So, in the present study, we analysed the morphological, 

morphometrical and histopathological features in the 

placentas of pregnant mothers diagnosed with GDM and 

compared the features with the placentas of healthy 

mothers. Specific biochemical parameters and neonatal 

outcomes were also determined by quantitative and 

qualitative analysis. 

 

MATERIALS AND METHODS 

Study design- The study was designed as an 

observational, cross-sectional, case-control type and 

carried out in a tertiary care hospital (northeastern part 

of Tamilnadu) for 6 months (2018).  
 

Study sample & Size- Convenience Sampling was done. 

The study comprised thirty placentas of mothers with 

normal blood glucose levels (controls), thirty placentas of 

mothers diagnosed with GDM (cases), thirty Neonates 

born to the control mothers (controls), thirty Neonates 

born to the mothers diagnosed with GDM (cases). The 

sample size was calculated based on the time constraint.  
 

Inclusion criteria- Primigravida, singleton pregnancy, 

mothers who completed a full term and were between 

21 and 35 years old were included in this study.  
 

Exclusion criteria- Placenta of mothers and their 

neonates who endured complications other than GDM 

during pregnancy were excluded from the study.  
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Methodology 

Diagnosis of GDM- GDM was diagnosed according to the 

guidelines of “Diabetes in Pregnancy Study of India 

(DIPSI)” in which 75 g of glucose dose was given to the 

mother orally. If the blood glucose level was observed to 

be greater than 140 mg/dl after 2 hours, it was 

diagnosed as a case of GDM [1]. 

Placental parameters assessed in controls and cases 

Morphology- The shape of the placenta was assessed as 

discoid or irregular. Type of placenta (based on umbilical 

cord attachment) was assessed as central (Fig. 1A), 

marginal (Fig. 1B), and eccentric (Fig. 1C) [3]. 

 

 

Morphometry 

 Placental weight was measured in grams (g), using a 

digital weighing balance (Fig. 1D) [3]. 

 Placental diameter was measured in centimetres 

(cm), using inch tape and the maximum diameter 

observed was taken as the diameter of placenta (Fig. 

1E) [3]. 

 Placental volume was measured in cubic millimetres 

(mm3) using Archimede’s volume displacement 

principle (Fig. 1F) [3]. 

 The number of placental cotyledons was counted on 

the maternal side (Fig. 1G) [3]. 

 

 
Fig. 1 (A-G): Morphological and Morphometrical parameters of placenta 

 

Histopathological features- The placental bits were 

taken from the sites of ischemia in cases and near the 

umbilical cord attachment in controls. By routine 

Hematoxylin & Eosin staining the following parameters 

were observed in both controls and cases of the 

placenta: Basement membrane thickening, Fibrinoid 

necrosis, Syncytial knots, Villous fibrosis, Chorangiosis, 

Villous oedema, Villous Hofbauer cells and Stromal 

calcification [10-21]. 
 

Neonatal outcomes for both controls and case- 

Newborn Birth weight was measured in Kilograms (kg) by 

weighing machine [3] and the Feto-placental weight ratio 

was calculated as the ratio of newborn birth weight to 

placental weight [3]. Most common presentations in GDM 

such as Macrosomia, Jaundice, Congenital 

malformations, Hypoglycaemia, Shoulder dystocia, 

Sepsis, Respiratory distress syndrome, NICU admission 

and Mortality were observed for neonatal outcomes [24-

26]. 

Biochemical profiles for both controls and cases- Total 

cholesterol, High-density lipoprotein (HDL), Low-density 

lipoprotein (LDL) and HemoglobinA1C (HbA1C) were 

documented from the records [10]. 
 

Statistical analysis- Student’s unpaired ‘t’ test was 

performed to compare the quantifiable means between 

the controls and the cases. 
 

Ethical approval- Institutional Human Ethical Committee 

approval (ECR/774/INST/TN/2015) and patient consent 

were obtained. 
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RESULTS 

Placenta (Controls) 

Morphological parameters- The placental shape was discoid (100%). The placental type based on umbilical cord 

attachment was central in 20 (66.67%), eccentric in 7 (23.33%) and marginal in 3 (10%) (Fig. 2).  
 

 
Fig. 2: Placental types based on umbilical cord attachment 

Morphometrical parameters- The mean value with SD, 

documented for the placental weight, placental 

diameter, placental volume and placental cotyledons 

were 495.23±72.84 g, 18.37±1.35 cm, 384.97±61.40 mm3 

and 17.30±3.15 respectively (Table 1). 

 

Table 1: Morphometrical parameters of placenta between controls and cases

 

Parameters 

Controls (N=30) Cases (N=30) 

Mean SD Mean SD 

Placental weight in grams 495.23 72.84 520.67 90.62 

Placental diameter in cm 18.37 1.35 19.32 2.18 

Placental volume in mm3 384.97 61.40 403.8 105 

Number of placental cotyledons 17.30 3.15 17.37 2.34 

 

Histopathological features- We observed 2(6.67%) 

specimens with basement membrane thickening, 

1(3.33%) specimen with fibrinoid necrosis, 1(3.33%) 

specimen with syncytial knots, 3(10%) specimens with 

villous hofbauer cells and 10(33.33%) specimens with 

stromal calcification (Table 2). 
 

Table 2: Histopathological features of the placenta between controls and cases 

 

Features 

Controls (N=30) Cases (N=30) 

Report 

 

Distribution (%) Report 

 

Distribution (%) 

Basement membrane thickening 2 6.67 20 66.67 

Fibrinoid necrosis 1 3.33 22 73.33 

Syncytial knots 1 3.33 19 63.33 

Villous fibrosis 0 0 17 56.67 

Chorangiosis 0 0 6 20 
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Villous oedema 0 0 11 36.67 

Villous hofbauer cells 3 10 16 53.33 

Stromal calcification 10 33.33 13 43.33 

 

Neonatal outcomes- The mean with SD for newborn 

birth weight and feto-placental weight ratio were 

2.87±0.34 kg and 5.88±0.87, respectively. We observed, 

1(3.33%) macrosomia, 2(6.67%) jaundice,1(3.33%) sepsis 

and 4(13.33%) NICU admissions as neonatal outcomes 

(Table 3). 
 

Table 3: Neonatal outcomes between controls and cases 

 

Outcomes 

Controls (N=30) Cases (N=30) 

Report 

 

Distribution (%) Report 

 

Distribution (%) 

Macrosomia 1 3.33 3 10 

Jaundice 2 6.67 9 30 

Congenital malformations 0 0 0 0 

Hypoglycemia 0 0 1 3.33 

Sepsis 1 3.33 1 3.33 

Respiratory distress syndrome 0 0 2 6.67 

NICU admission 4 13.33 11 36.67 

Mortality 0 0 0 0 
 

Biochemical parameters- The mean value for total 

cholesterol, HDL, LDL and HBA1C were 

163.05±14.62,44.53±7.39, 96.15±10.27 and 4.90±0.43, 

respectively (Table 4). 
 

Table 4: Biochemical parameters between controls and cases 

 

Parameters 

Controls (n=30) Cases (n=30) 

Mean SD Mean SD 

Total cholesterol (mg/dl) 163.05 14.62 200.52 41.85 

HDL (mg/dl) 44.53 7.39 40.42 5.67 

LDL (mg/dl) 96.15 10.27 112.48 15.91 

HbA1C (%) 4.90 0.43 5.91 0.79 

 

Placenta (Cases) 

Morphological parameters- The placental shape was 

discoid (100%). The placental type based on umbilical 

cord attachment was central in 12(40%), eccentric in 

13(43.33%) and marginal in 5(16.67%) (Fig. 2).  

Morphometrical parameters- The mean value with SD 

documented for the placental weight, placental 

diameter, placental volume and placental cotyledons 

were 520.67±90.62 g, 19.32±2.18 cm,403.8±105 mm3 

and 17.37±2.34, respectively (Table 1). 

Histopathological features- We observed 20(66.67%) 

specimens with basement membrane thickening, 

22(73.33%) specimens with fibrinoid necrosis, 

19(63.33%) specimens with syncytial knots, 17(56.67%) 

specimens with villous fibrosis, 6(20%) specimens with 

chorangiosis, 11(36.67%) specimens with villous edema, 

16(53.33%) specimens with villous hofbauer cells and 13 

(43.33%) specimens with stromal calcification (figure 8). 

In addition, intraplacental arteriopathy, congestion, 

haemorrhages, and infarct were observed in a case 

(Table 2, Fig. 3). 
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Fig. 3: Histopathological features of placenta in GDM cases 

 

 

Neonatal outcomes- The neonatal birth weight was 

observed as 3.03±0.43 kg and the fetoplacental weight 

ratio was observed with a mean of 6.13±1.66. We 

reported 3(10%) macrosomia, 9(30%) jaundice, 1 

(3.33%), hypoglycemia, 1(3.33%), sepsis 2 (6.67%), 

respiratory distress syndrome and 11 (36.67%) NICU 

admissions as neonatal outcomes (Table 3). 
 

Biochemical analysis- The mean values for Total 

cholesterol, HDL, LDL and HBA1C were 

200.52±41.85,40.42±5.67,112.48±15.91and 5.91±0.79 

respectively (Table 4). 
 

Statistical analysis between controls and cases- 

Student’s unpaired ‘t’ test was performed to compare 

the quantifiable means between the controls and the 

cases. The inference is that there was a significant 

(p<0.05) difference between controls and cases in 

placental diameter, total cholesterol, HDL, LDL and 

HbA1C (Table 5). 
 

Table 5: Statistical analysis between controls and cases 

Placenta p-value 

Placental weight in g 0.24 

Placental diameter in cm 0.04* 

Placental volume in mm3 0.40 

Number of placental cotyledons 0.91 

Neonatal Outcomes 

Newborn Birth weight in kg 0.11 

Feto-placental weight ratio 0.40 

Biochemical Parameters 

Total cholesterol (mg/dl) 0.0001* 

HDL (mg/dl) 0.02* 

LDL (mg/dl) 0.0001* 

HbA1C (%) 0.0001* 

* Statistically significant p-values (p<0.05) 

 

DISCUSSION  

The fetoplacental environment highly influences the 

normal shape of the placenta (discoid) and its 

morphometry. The variable placental arborization and 

the vascular fractal underlying the tissues where the 

umbilical cord attaches play a significant role in the 

morphological and morphometrical architecture of the 

placenta.  

Kleiber’s law of allometric scaling states that “the Basic 

Metabolic Rate (BMR) in tubes (vessels) is directly 

proportional to the three-fourths of the mass in the 

structure [28].” By the abovementioned law, we 

hypothesise that “Centrally attached umbilical cord with 

its well distributed vascular fractal shall determine 

regular shaped placenta and its morphometrical 
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parameters like diameter, weight, volume and 

distribution of cotyledons.” 

 In our study, about morphology, we observed 100% of 

discoid shaped placenta in both controls (n=30) and 

cases (n=30). Central type of placenta based on umbilical 

cord attachment was observed in around 66.67% of 

controls (n=20) and forty percentage (40%) of GDM cases 

(n=12). The above observation of a complete discoid 

type without any irregularities in shape, even though the 

eccentric and marginal types co-existed with the central 

type, infers that there was a deviation from Kleiber’s law 

based on applying physics over the external morphology. 

But we postulate in biological terms that around 33.33% 

of contributions from eccentric and marginal types in 

controls and 60% of contributions from eccentric and 

marginal types in cases, which attributed significantly to 

the microstructural irregularities (increased syncytial 

knots formation, increased cytotrophoblasts 

proliferation and increased fibrin deposition) which 

enhanced the mass of the placenta and thereby 

maintaining the shape of the placenta which resulted to 

be discoid rather an irregular type in our study 

population.  

Tandon et al. [5], in their study of 50 placentae (25 

controls and 25 cases) among the Lucknow population 

documented 11 discoid & 14 irregularly shaped placenta 

in controls and 12 discoid & 13 irregularly shaped 

placentae in cases. In contrast, we observed all the cases 

(N=30) and controls (N=30) with the discoid-shaped 

placenta in our study. The differences could be due to 

implications of Kleiber’s law, genetic differences, or 

variations in ethnicity. 

In our study, about the morphometry, the average 

placental diameter in GDM cases (n=30) was around 520 

g and in controls (n=30), it was around 495 g, which 

reflected a significant difference statistically (p<0.05). 

Other parameters like weight, volume and cotyledons 

were also greater in GDM cases than in controls, but 

statistical significance was not evidenced. The increase in 

morphometrical parameters of our study could again be 

attributed to Kleiber’s law, indicating that 

hyperglycaemic status in GDM mothers leads to elevated 

BMR in the placental tissues, promoting the proliferation 

of tissues and thereby increasing the diameter, weight, 

volume and cotyledons. 

While comparing with the study done by Bhanu et al. [3] 

in 96 placenta (48 controls and 48 cases) among the 

Nellore population, in both of our studies, we could 

observe that there was an increase in measurements in 

cases than in controls of all the morphometry 

considered. But we had statistical significance while 

considering placental diameter, whereas they had 

significance for all the parameters considered (diameter, 

weight, volume, cotyledons). Tandon et al. [5] reported 

that in 50 placentae of the Lucknow population, the 

placental weight decreased in cases, and the placental 

diameter increased in cases compared to the controls. In 

our study, we differed in our report about the placental 

weight as we had an increase in placental weight in cases 

compared to controls. This scenario may be attributed to 

the variation in insulin resistance among individuals and 

genetic and ethnic differences. 

Normal insulin resistance occurring during pregnancy in 

controls and increased Insulin resistance in GDM cases 

caused hyperglycemic environment in developing villi led 

to histopathological abnormalities like Basement 

membrane thickening [66.67% (N=20) in cases, 6.67% 

(N=2) in controls], Fibrinoid necrosis [73.33% (N=22) in 

cases, 3.33% (N=1) in controls], Syncytial knots [63.33% 

(N=19) in cases, 3.33% (N=1) in controls], Villous fibrosis 

[56.67% (N=17) in cases, 0% (N=0) in controls], 

cholangitis [20% (N=6) in cases,0% (N=0) in controls], 

Villous oedema [36.67% (N=11) in cases, 0% (N=0) in 

controls], Villous Hofbauer cells [53.33% (N=16) in cases, 

10% (N=3) in controls] and Stromal calcification [43.33% 

(N=13) cases, 33.33% (N=10) controls] in our study [28].  

All the above findings were distinctly observed in GDM 

cases. The proposed theories for each feature shall be: 

Basement membrane thickening and excessive syncytial 

knots formations can be attributed to Kleiber’s law, and 

chorangiosis is due to hyperglycemia, which resulted in 

tissue proliferation. The overexpression of water channel 

aquaporin 9 shall be responsible for the accumulation of 

tissue fluid which resulted in villous edema. Edema 

resulted in inflammation, which contracted Hofbauer 

cells, resulting in villous fibrosis, stromal calcification and 

fibrinoid necrosis due to ischemia, which could be 

evidenced on the surface. The absence of villous edema, 

villous fibrosis and cholangitis in controls indicated their 

significance in GDM-complicated pregnancies. 

Mishra et al. [10] in the Jabalpur population reported 

chorangiosis, syncytial knots, villous fibrosis and edema 

and basement membrane thickening in GDM cases. We 

also reported the above features along with villous 
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fibrosis, stromal calcification and Hofbauer cells in GDM 

cases. The differences between our study and the above 

study could be due to the variation in the genetic 

expression of aquaporin channels, resulting in villous 

edema and further inflammatory complications. 

In our study, abundant Syncytial knots formation, 

excessive proliferation of cytotrophoblasts, basement 

membrane thickening, villous edema, villous fibrosis in 

villi and excessive fibrinoid necrosis in intervillous spaces 

in most of the GDM cases than in controls had led to to 

insufficient or insignificant surface area for the exchange 

of nutrients between the mother and foetus [19,21]. 

Maternal hyperglycaemia results in fetal hyperglycaemia, 

leading to fetal hyperinsulinemia followed by an increase 

in lipids and glucose [25]. 

Above models propose to neonatal complications like 

Increased newborn birth weight, increased feto-placenta 

weight ratio, Macrosomia [10% (N=3) in cases,3.33% (N1) 

in controls], Jaundice [30% (N=9) in cases,6.67% (N=2) in 

controls], NICU admission [36.67% (N=11) in 

cases,13.33% (N=4) in controls], Respiratory distress 

syndrome [6.67% (N=2) in cases,0% (N=0) in controls], 

Hypoglycaemia [3.33% (N=1) in cases,0% (N=0) in 

controls] and Sepsis [3.33% (N=1) in cases,3.33% (N=1) in 

controls] more in GDM cases than controls.  

 Though the placental features were proliferative, they 

were pathological and hindered the feto-maternal 

exchange. Increased newborn birth weight, increased 

feto-placenta weight ratio and macrosomia shall be 

hinged to the hyperglycaemic environment created in a 

fetus due to GDM. 

While comparing with the study done by Bhanu et al. [3] 

in 96 neonates (48 controls and 48 cases) among the 

Nellore population, we observed an increase in birth 

weight and fetoplacental ratio in cases than in controls. 

However, we had no statistical significance, but they had 

significance for both parameters. While comparing with 

Mishra et al. [10] study in the Jabalpur population, they 

had macrosomia as the most common presentation 

while we had NICU admission as the most common and 

in both our studies mortality was the least common 

complication.  

The natural phenomenon of developing insulin 

resistance by mothers as the fetus grows creates a 

hyperglycemic environment (lipolysis due to insulin 

resistance), which is overcome by the adequate insulin 

produced by the pancreas in normal mothers. This 

phenomenon of glucose transfer to the fetus enhanced 

by lipolysis is facilitated anabolism which favors fetal 

growth. In some mother’s, insufficient insulin production 

from the pancreas to balance insulin resistance results in 

GDM. Further, this leads to altered lipolysis and 

dyslipidemia which may result in cardiovascular 

disorders complicated pregnancy or pre-term delivery 
[30]. In our study we observed elevated HbA1C [5.91% in 

cases, 4.9%0 in controls], Total cholesterol [200.52 mg/dl 

in cases,163.05 mg/dl in controls], LDL [112.48 mg/dl in 

cases, 96.15 mg/dl in controls] and reduced HDL [40.71 

mg/dl in cases, 44.53 in controls]. The above observation 

statistically (p<0.05) reflected a significant difference 

between cases and controls, enhancing the chances for 

the above-said complications in cases. While comparing 

the study by Mishra et al. [10] in the Jabalpur population, 

both our studies showed significant dyslipidaemia 

changes associated with GDM. 
 

CONCLUSIONS 

This study offers significant insights into the parameters 

and features of the placenta and neonates associated 

with GDM in our population. Clinical monitoring and 

management to decrease the prevalence of GDM have 

been emphasised, with a significant increase in placental 

diameter, increased HbA1C, and dyslipidaemia in cases 

compared to controls. Increased incidence of neonatal 

complications like macrosomia, jaundice and NICU 

admissions had also been documented in cases than in 

controls.  

However, due to time constraints, this study was done 

with a limited sample size. In the future, the study will be 

associated with immunohistochemical and radiological 

parameters with appropriate sample sizes to enhance 

the health care of both mothers and foetuses. 
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