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Abstract
The study evaluates the accuracy of the different methods of measuring biparietal diameter (BPD) as an index of estimating gestational age (GA). This study was a prospective comparative analysis with 107 pregnant patient’s participants. They were examined abdominally in university of Calabar teaching hospital, cross River, Nigeria. The paired t-test was employed to compare the different methods of biparietal diameter to assess their accuracy. The results showed that there was no significant difference (P˂0.05) in the four methods of estimating gestational age using biparietal method except for outer to inner and table and table method which was 0.0719. When the paired t-test sample was used to compare the different methods with the last menstrual period (LMP) and gestational age, there was no significant difference in all the four different methods. However, the outer to inner and table to table method appears to be more significant indicating its suitability as a method of obtaining gestational age using biparietal diameter.
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Introduction
The measurement of a gestational age can be determined by count the first day of the last occurrence of menstrual period to the current day and they are measured in weeks. It is referred as the last menstrual period (LMP) (Khare et al., 2019). Though this method has existed over the years, when it is unreliable, it weakens its accuracy. Therefore, ultrasonographic examination methods have become more reliable in determining the gestational age of a fetus. Biparietal diameter (BPD) is one of the ultrasonographic examination methods utilized in defining the fetal age. The essence of biparietal diameter is to measure the skull diameter of a fetus which is beneficial in determining the gestational age, growth rate and development of the fetus (Verburg, et al., 2008). However, biparietal diameter must be measured with other biometric parameters such as head circumference, abdominal circumference and femur length to establish the fetal weight. (Wong, et al. 2018) The process will help in proper diagnosis of fetal growth disorder which will prompt timely intervention. Failure to diagnose correctly will affect the antenatal monitoring and surveillance. According to Trish et al., (2004) biparietal diameter is precise in predicting gestational age and delivery date from second trimester, hence, its use in all pregnancy. There are basically four essential methods of biparietal diameter. They are inner to inner, outer to inner, table to table, outer to outer. The outer-to-outer method involves the measurement or placement of calipers from the outer edge of distal parietal bone to the outer edge of proximal parietal bone while, inner to inner biparietal diameter measurement place the calipers from inner edge of the distal parietal bone to the inner edge of the proximal parietal bone. The outer to inner biparietal diameter involves placing the calipers from outer rim of the distal parietal bone to the inner rim of the proximal parietal bone and table to table biparietal diameter method is done by placing the calipers from the midpoint of distal parietal bone to the midpoint of proximal parietal bone. (George et al.,2021). Though, biparietal diameter is the most widely used fetal biometry for determination of gestational age, factors such as the position of the fetus in the pelvis region and the brain side that was scanned can influence the value. Conversely, biparietal diameter scan can be carried out at different sections which are thalamic, ventricular and cerebellar. There is no gold standard section but the widely used section in most countries is the thalamic section (Papageorghiou et al., 2013). There are disparities in the review of BPD method to use indicating no consensus method. (ISUOG, 2014). However, the outer-to-outer method was recommen nd ded by the international growth chart because it's beneficial in comparing the antenatal and post-natal measurement of size of the head and growth. (Villar et al., 2014). Different studies have been conducted to ascertain the variation between outer-to-outer method and inner to outer method.  Napilitano et al., (2016) reported that the inner to outer and outer to outer methods are both reproducible. However, the studies on the four methods have not been conducted to the best of my knowledge. Therefore, this study focuses on assessing the variation in the four methods of conducting biparietal diameter in 3rd trimester of fetal biometry by comparing the methods to establish the most appropriate method. 

Methods
The study was performed at university of Calabar teaching hospital in Cross River state, Nigeria. The population of women involved in the study were all pregnant and within their 2nd and 3rd trimester. The participants were grouped into four sorts depending on their gestational age.  Group 1 was between 23-27 weeks, group 2 were between 28-32 weeks, group 3 were between 33-37 weeks, group 4 were between 38-42 weeks. (Gebreel et al., 2024). The selection criteria include a. Singleton pregnant fetus. b. Pregnant women in 2nd and 3rd trimester, pregnant women who were sure of their dates at different weeks of gestation obtained by last menstrual period (LMP). Exclusion criteria are a. Pregnant women with any form of fetal skull abnormality. b. multiple gestation. c. alcohol mother. d. diabetic mother. e. hypertensive mother. Sample size of women who met inclusion criteria are 107. The ultrasound was carried out using digital ultrasound system imaging by EDAN model: DUS 3, SN: 317201-M12CO46001 with a convex transducer of 3-5MHz.

Scanning Technique for Pregnant Abdomen
The patient laid supine on the couch and ultrasound gel was evenly applied on the abdomen. The probe was placed on the abdomen, rotated at different angles and planes to sort for good oval shape of the fetal skull. Once found, the biparietal diameter measurements were carried using trans thalamic section with the following landmarks; a rugby football-shaped skull rounded at the back (occiput) and more pointed at the front (synciput), a long midline equidistant structure from the proximal and distal skull echoes, the cavum septum pellucidum bisecting the midline one-third of the distance from the synciput to the occiput, the two prominent anterior and posterior horns of the lateral ventricles symmetrically placed about the midline and the full length of the lateral ventricles. The first method (outer to outer), the first cross caliber was placed on the leading ridge of the distal parietal bone while the second cross caliber was placed on the leading edge of the proximal parietal bone. The second method (Outer to Inner), the first caliber was placed on the leading ridge of distal parietal bone while, the second cross caliber was positioned on the inner ridge of the proximal parietal bone. The third method (Inner to Inner) was done by placing the cross caliber on the inner ridge of the parietal bone and placing the second cross caliber on the inner ridge of the proximal parietal bone. The fourth method (Table to Table) was carried out by positioning the first cross calibre in the table of the distal parietal bone while, the second calibre was placed in the table of the proximal parietal bone as shown figure 1. The study was carried out in triplicate and the mean was determined.
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Figure 1: Different method of Biparietal method.

Statistical Analysis 
The statistical analysis was carried out using SPSS statistical package version 30 The data were analyzed using frequencies and percentages while, a paired t-test at P˂0.05 significance was used to compare different methods of biparietal diameter (BPD).
Results and Discussion
Outer to Outer Method of Biparietal.
The result of the outer-to-outer method of measuring biparietal diameter was shown in table 1. The table shows the gestational age (GA) distribution of pregnant women involved in biparietal diameter determined using this method. It indicates that the GA of 33-37 were more frequent at 40.2% than others. However, 28-32 age has about 15.9% occurrence while, the least GA was about 13.9%.

Table 1. Outer to outer Biparietal Diameter Measurement.
	Gestational Age (Weeks)
	Frequency (MHz)
	Percentage (%)

	23-27
	2
	15.9

	28-32
	43
	40.2

	33-37
	47
	13.9

	38-42
	15
	14.0

	Total
	107
	100.0



Outer to Inner method of Biparietal Diameter
The outer to inner method used for measurement of fetal skull is presented in table 2. The method measures from the outer distal edge to the inner proximal edge of the fetus. The GA distribution of 33-37 had the highest percentage of outer to inner BPD measurement. The least was recorded between the gestational age of 23-27.
Table 2. Outer to Inner Biparietal Diameter Method
	Gestational Age (Weeks)
	Frequency (MHz)
	Percentage (%)

	23-27
	2
	1.9

	28-32
	31
	29.0

	33-37
	60
	56.0

	38-42
	14
	13.1

	Total
	107
	100.0



The Inner-to-Inner method of Biparietal Diameter
Table 3 shows the inner-to-inner method of biparietal measurement in different GA distribution of pregnant women. The highest percentage occurrence is within the gestational age of 28-32 while the least was found in the 38-42 weeks.

Table 3. Inner to Inner Biparietal Diameter Method
	Gestational Age (Weeks)
	Frequency (MHz)
	Percentage (%)

	23-27
	14
	13.1

	28-32
	49
	54.8

	33-37
	42
	39.3

	38-42
	2
	1.9

	Total
	107
	100.0






The Table-to-Table Method of Biparietal Diameter
This method as presented in table 4 is the method of BPD that places the caliber from the midpoint of the table of the distal parietal bone to the proximal parietal bone. It shows that the highest percentage of GA was 33 to 37-week fetus while, the least was 23-27 weeks. 
Table 4. Table to Table Biparietal Diameter Method
	Gestational Age (Weeks)
	Frequency (MHz)
	Percentage (%)

	23-27
	2
	1.9

	28-32
	35
	32.7

	33-37
	58
	54.2

	38-42
	12
	11.2

	Total
	107
	100.0



The accuracy of the four methods of biparietal measurement was done to determine the significant difference at (P˂0.05) confidence level when compared with the last menstrual period. The result as shown in table 5 reveals that there is no significant difference between the BPD methods and last menstrual period. However, table to table biparietal diameter method appears to be less significant indicating its efficiency in determining the fetus age within the 3rd trimester.

Table 5. Accuracy of estimating four methods of gestational Age
	Paired Groups
	T
	Df
	p-value

	Pair 1-outer to outer/LMP
	-13.171
	106
	0.000

	Pair 2-outer to Inner/LMP
	2.674
	106
	0.009

	Pair 3-inner to Inner/LMP
	23.081
	106
	0.000

	Pair 4-Table table/LMP
	2.289
	106
	0.024


 Significant difference at (P˂0.05) confidence level.
Moreover, the pair t-test conducted to understand the difference among the mean of the individual methods as presented in table 6 suggests that there is no significant difference except for outer to inner/table to table method. 

Table 6. Accuracy of the four methods estimating gestational age using paired T-test
	Paired Groups
	T
	Df
	p-value

	Pair 1-outer to inner/outer to outer
	17.437
	106
	0.000

	Pair 2-outer to outer/inner to inner
	29.432
	106
	0.000

	Pair 3-table to table/outer to inner
	-361
	106
	0.719

	Pair 4-inner to inner/table to table
	-18.707
	106
	0.000


Significant difference at (P˂0.05) confidence level.
Discussion
Given the necessity of managing pregnancy appropriately, particularly in cases of aberrant fetal growth, the significance of determining a fetus's gestational age cannot be overstated. The observation of last menstrual period before the actual menstrual cycle are used to determine the gestational age but it’s not reliable when the date can’t be remembered accurately. Moreover, different biometric parameters have been in use for obtaining the gestational age such as biparietal diameter (BPD), head circumference (HC), femur length (FL) and abdomen circumference (AC).  However, they all have their merits and demerits. Due to the accuracy of biparietal method in determining the delivery date, it is important in all pregnancies (Trish et al., 2024). In the utilization of biparietal diameter, the outer to inner and table to table methods have demonstrated to have a reliable result but their application depends on regional adoption. (Wong et al.,2018). This study demonstrated the variation of the four methods of obtaining the fetus skull measurement in the third trimester. The ultrasound carried out shows that the different biparietal diameter methods had the highest percentage occurrence at gestational age of 33-37 weeks except for outer-to-outer method which had the highest percentage occurrence between 28-32-week gestational age. Further, the gestational age of 38-42 had a low percentage occurrence. This suggests that different biparietal methods become less effective in determining the gestational age as it advances. Dare et al., (2004) reported that the accuracy and precision of biparietal method decreases as gestational age collapses into late third trimester. However, there is no significant difference (P˂0.05) between the methods except for inner to inner and outer to outer method. This indicates that the different methods of obtaining biparietal diameter are efficient though, table to table method appears to be most proficient.
Conclusion
The findings suggest that the outer to inner and table to table methods demonstrated high accuracy in estimating gestational age in the third trimester with the table-to-table method being the most accurate.
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