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Abstract 

In pregnancy, the women's physiology adapts to meet additional mineral demand of developing fetus. During third trimester the fetus 

actively transports minerals across the placenta to maintain high circulating levels to mineralize the actively developing skeleton. Hence 

the maternal vitamin D insufficiency affects fetal bone health. To investigate the effect of maternal serum level of vitamin D on fetal 

bone development, we studied 600 pregnant prospectively. With use of high resolution 3D ultrasound, we measured femoral length and 

femoral splaying index at 18-22 weeks of gestation and also at 32-34 weeks of gestation along with serum vitamin D3 level. Our study 

revealed that lower maternal vitamin D was not related to femur length but associated with higher splaying index at second and third 

trimester ultra-sonograms. We categorized the study women into three groups according to serum vitamin D concentration- borderline 

(>50nmol/L, 59.33%), insufficient (25nmol/L - 50nmol/L, 32,67%), deficient (<25nmol/L,8%). Among them, the mean femoral 

splaying index increases from 0.072 (sufficient/borderline) to 0.078 (insufficient) and 0.086 (deficient). Our study suggests that maternal 

vitamin D can influence the fetal bone health as early as 18-20 weeks, hence measurements to improve maternal vitamin D status should 

be instituted from early pregnancy onwards. 
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Introduction 

During pregnancy, maternal vitamin D deficiency is very 

common and it causes significant public health issue [1]. In a study 

among pregnant women in northeast India [2], the prevalence was 

93.3%. The risk factors include ethnicity, extensive skin 

covering, obesity, use of sunscreen, smoking and low dietary 

intake in addition to seasonal variation [3]. The fetus solely 

depends on maternal vitamin D which is transmitted via placenta 
[4], proved by maternal and cord blood vitamin D. Fig 1 shows the 

transport of active vitamin D (Cholecalciferol) across placenta. 
 

 
 

Fig 1: Maternal-fetal vitamin D transfer 

Numerous mother-offspring cohort study showed that maternal 

vitamin D deficiency has direct consequence on fetal bone health 
[5, 6]. But only little information is available on the consequence 

of vitamin D deficiency on fetal bone health and at what 

gestational age it starts influencing. All these will be answered by 

measurement of femur length by 3D ultra-sonogram, which 

enables intrauterine bone evaluation and we measured femoral 

length and distal femoral metaphyseal cross-sectional area to 

derive femoral splaying index (ratio of femoral metaphyseal 

cross sectional area to femur length) [7], commonly used in 

childhood to measure rickets. The larger prevalence of vitamin D 

deficiency among adolescents and reproductive women will play 

negative role in fetal programming of next generation when they 

become pregnant [8]. Thus, it is important to measure maternal 

vitamin D levels for better fetal bone health.In this study we 

measured maternal serum vitamin D level and femur length, 

femoral splaying index to establish their inherit relationship and 

address them. 

 

Materials and Methods 

This is prospective observational analytical study conducted in 

the fetal medicine unit, Saveetha medical college hospital in 600 

pregnant with gestational age 18 -22 weeks and followed at 32-

34 weeks from August 2020 to May 2021 after getting informed 

consent. Along with routine investigations we did ultrasound 

examination of fetal thigh at 18-20 weeks and at 32-34weeks 

using Vinno G60 system fitted with curvilinear probe with 



International Journal of Gynaecology and Obstetrics Research  www.gynaecologyjournal.in 

 

6 

frequency ranging between 4-5Hz and a scan angle of 15-250. We 

took standard linear measurement of femur length and cross 

sectional area of distal femoral epiphysis to derive femoral 

splaying index as shown in fig 2. 
 

 
 

Fig 2: Multiplanar display of fetal thigh in 3D-USG 

 

Each measurement was done 3 times and the mean value was 

considered.  

Femoral shape was assessed by femoral splaying index, distal 

femoral metaphseal cross sectional area (cm2) divided by femur 

length (cm). 

This index assesses the degree of metaphyseal splaying in 

relation with femur length. During ultra-sonogram at 32 -34 

weeks of gestation we also obtained 2ml of venous blood sample 

for measuring serum vitamin D level and categorized as 

sufficient(>70nmol/L); borderline (50-70nmol/L); insufficient 

(25-50nmol/L; deficient(<25nmol/L) according to 25-

hydroxyvitamin D concentration [9]. The data collected was 

stored in investigative form and analysed using Stata Statistical 

Software Release 10,2008 software. We used Pearson's 

correlation co-efficient to find strength of observed value and 

their statistical significance. This study was approved by the 

Institutional Review Board of Saveetha Medical College Hospital 

and all the participants gave informed, written consent. 

 

Result 

600 antenatal mother recruited for the study. The mean age of 

participating mother is 24.3 years, mean maternal height was 

162.6cm and 62.1% were primi gravida. Mean femur length is 

3.12cm at 18-20week and 6.82cm at 32-34week gestation; 

corresponding mean distal femoral cross sectional area was 

0.226cm2 and 0.794cm2, increased over the period of gestation. 

The mean femoral splaying index rose from 0.072 to 

0.116cm2/cm at 32-34 weeks gestation. The median maternal 

serum level of 25-OH vitamin D at 32-34 week gestation was 

58.4nmol/L. Vitamin D concentration above 70nmol/L were 

present in 114 women (19%); a further 242 women (40.33%) had 

values falling between 50-70nmol/L (borderline); 196 women 

(32.67%- insufficient) values between 25-50nmol/L; remaining 

48 women (8%) had value <25nmol/L (deficient) as shown in Fig 

3. 

 
 

Fig 3: Maternal Vitamin D Level 

 

At 18-20 weeks maternal vitamin D concentration was not related 

with femur length but lower level of vitamin D is associated with 

greater metaphyseal cross sectional area and femoral splaying 

index at 18-20 weeks of gestation. When compared with mothers 

having sufficient vitamin D, distal femoral metaphyseal cross 

sectional area was 6% more in mothers of insufficient group and 

16% greater in mothers of deficient group. This trend followed in 

femoral shape too, assessed by femoral splaying index. When 

categorized the mean femoral splaying index at 18-20 week 

gestation is 0.072cm2/cm in mothers with vitamin D >50nmol/L; 

in fetuses of insufficient and deficient the splaying index values 

were 0.076cm2/cm and 0.086cm2/cm respectively. 

At 32-34 weeks also there was no association between femur 

length and maternal vitamin D level, but greater distal 

metaphyseal cross-sectional area, femoral splaying index was 

greater in deficient groups. This relationship is similar to 

observation at 18-20 weeks. 

 

Discussion 
This study reveals that low level of maternal serum vitamin D 

causes splaying of femur as early as 18-20 weeks. This distal 

femoral splaying index in fetuses of mother with low maternal 

vitamin D is analogue to index of childhood rickets, thus fetal 

femoral morphology could be a predictor of childhood rickets` [10, 

11]. Neonatal vitamin D stores is completely dependent on mother, 

hence poor maternal vitamin D level is major risk factor for 

childhood rickets [12]. In-utero, or in early life vitamin D 

deficiency is linked to development of numerous pregnancy 

related complications like pre-eclampsia, preterm birth and in 

fetuses its deficiency causes impaired cognitive function, autism 

spectrum disorder, attention deficit hyperactivity disorder13. 

Therefore it is necessary to measure serum vitamin D level in 

early pregnancy or at pre-conception. Recent systematic review 

on role of maternal vitamin D in fetal bone health concludes that 

more studies are needed, despite some suggests that low maternal 

vitamin D levels affects bone length, especially if associated with 

low calcium intake [14, 15]. MAVIDOS study [16] found that 

gestational supplementation of vitamin D 1000IU/day has not 

improved fetal bone mass in summer, but greater mineral 

accretion during winter, proving that Vitamin D is homeostatic 

with calcium in fetal bone health. Observational studies found 

lower maternal vitamin D is at greater risk for pre-eclampsia, 

preterm birth, gestational diabetes, cesarean section, fetal growth 

restriction [17, 18]. Low serum level of maternal vitamin D in 

offspring exposes risk of asthma, impaired bone health, impaired 

neurodevelopmet and allergies [19-22]. Since vitamin D has 
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immunomodulatory effect its availability reduces incidence of 

pre-eclampsia. Strom et al [23] found higher association between 

low maternal vitamin D and attention deficit hyperactivity 

disorder, whereas higher have reduced incidence [24]. A study 

from china showed increased incidence of autism spectrum 

disorder in low maternal vitamin D [25].  

 

Later life implication 

Much data are available that altered bone development in early 

post natal and intrauterine life increases risk of fracture and 

osteoporosis in adult life [26]. May have low bone mass assessed 

by X-ray absorptiometry [27] and it is independent of 

environmental risk factors if associated with low maternal 

vitamin D [28]. 

 

Conclusion  

In summary our study found that serum level of vitamin D during 

pregnancy influences fetal bone health as early as 18-20 week 

gestation.Hence large intervention studies must be done to 

determine appropriate level of vitamin D supplementation during 

pregnancy on maternal and perinatal outcomes. Screening for 

vitamin D as early or better at the preconceptional period must be 

done especially in obese women, dark skinned women, women 

on corticosteroid treatment, hypertension treatment, diabetes or 

auto-immune disease so that they can have appropriate treatment 

and better monitoring of pregnancy. 
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