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Mathematical model of the variability of particular traits for the estimation 

of age during the fetal period of a human 

Modele matematyczne zmienności wybranych cech do oznaczenia wieku w okresie 

płodowym człowieka 

The problem of a precise age determination during the fetal period of a human is one of the most 

difficult issues both in basic science and clinic practice. One can conclude from the literature on the 

issues of estimating the age during the fetal period of a human that despite a very big number of works 

most of the studies on this subject make a dangerous simplification [2, 3, 4, 5, 6]. Determining the age 

on the basis of the variability of only one feature can lead to an error which is difficult to estimate and 

which may be the result of e.g. measuring mistake. In individual cases wrongly estimated age has 

consequences in the diagnosis. The estimation of fetus maturity is an important factor for proper man-

agement of pregnancy. In order to evaluate precisely the fetus development and also to estimate the 

risk after childbirth, it is necessary to work out fast and precise to the maximum way of estimating the 

length of pregnancy and as a consequence the age of the fetus. If we supposed that the development 

during fetal period takes place in optimum conditions, then the development should be dependent only 

on the genome of an individual. In reality, however, the development undergoes modification of 

widely understood environmental factors.  

The purpose of this work is to develop mathematical models to estimate the age of a fetus which 

take into account the influence of environmental factors on the bases of a few traits simultaneously. 

Therefore, the examined fetus is placed in seeming multidimensional space and each examined feature 

influences the estimation of its age to the same extend. This methodological approach eliminates 

randomness to the maximum in estimating the age and at the same time it enables precise evaluation of 

age both in population studies and in the studies of an individual.  

MATERISALS AND METHODS 

The material used in the research is fetuses from miscarriage obtained from 1964 to 1996, col-

lected in the Department of Anatomy of Medical University in Wroclaw - 2472 fetuses (1278 male 

and 1194 female) were analysed. Only fetuses and infants from monocyesis of proper course of preg-

nancy (without any complications) were classified into the research. The age of the fetuses (FA) oscil-

lated from 84th day (12th week) to 256th day (36th week). The following measurements were taken 

for each fetus: 1. total Body Length (BL); 2. Body Mass ( BM); 3. Head Circumference (HC); 4. Tho-

rax Circumference (ThC).  

Random measuring error calculated on the bases of Rulon formula [1] was sE = 0,96. Information 

on the following environmental factors was collected with the use of a survey: 1. factors of maternal 
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origin: a. mother’s age at the time of miscarriage (MA). b. mother’s menarcha age (MMY); 2. factors 

of external environment: a. social status - estimated on the bases of mother’s level of education (MSS), 

b. season of the year during which pregnancy proceeded (SYP). 

The material was divided into 28-week old age classes. It should be stressed that all average values 

and their standard deviations were calculated to the value of the middle of age class [1]. The procedure 

makes the results of the examination objective, as only then the time distance between particular age 

sections is the same.  

The conformity of empirical distribution with theoretical distribution was examined for each trait 

by means of tests χ 2 (chi-square) and λ  Kolmogorow-Smirnow. There were tested the hypothesis 

on the lack of the influence of environmental factors on the value of examined measurable fetus traits 

of both sexes by means of one-factor variant analysis using the method of least significant differences 

(LSD - Least Significant Differences). The variant homogeneity in the separated groups was examined 

with Bartlett test. From the statistical analyses for forecasting the age of the fetuses, which are listed 

above, there was established a group of quantitative traits. Next, equations of multiple regression were 

calculated which determine the average pregnancy length depending on established quantitative traits 

with taking into consideration the variability of qualitative traits. In the equations there were taken into 

account only the regression coefficients which are statistically significant, at the level α  = 0,05.  

RESULTS 

In tab. 1 - 4 there are presented average values of quantitative traits of examined fetuses of both 

sexes estimated as the middle of age class ( x war ) together with calculated mathematical model of 

their variability with age.  

Tab.1. The values of measurements of total body length (BL) 2742 fetuses and mathematical 

model of length variability. (N - number in a group, t - average age of the group, x - arithmetic 

mean, x war - mean in the middle of age class, swar - standard deviation, min - minimum value, 

max - maximum value 

age (days) N t x  x war 
swar min max 

< 112 418 101,7 129,9 121,4 15,8 67 220 

113 - 140 412 127,9 203,9 200,8 23,6 119 296 

141 - 168 433 153,0 257,3 260,0 21,5 170 325 

169 - 196 376 179,9 311,0 317,1 19,8 178 376 

197 - 224 420 208,7 361,7 367,4 18,5 285 437 

225 - 252 376 239,6 417,4 410,3 30,2 305 525 

>253 37 254,2 495,4 584,0 23,2 375 517 

Regression model: 43,248 + 0,45 BL. Coefficient of determination = 0,9654 

Tab. 2. The values of body mass measurements (BM) 2742 fetuses and mathematical model of 

body mass variability (marked as in tab. 1) 

age (days) N t x  x war 
swar min max 

< 112 418 101,7 60,8 53,8 30,1 15 250 

113 - 140 412 127,9 201,6 193,1 89,0 35 552 

141 - 168 433 153,0 385,3 397,2 109,8 100 817 

169 - 196 376 179,9 649,5 686,4 166,1 130 1099 

197 - 224 420 208,7 908,2 938,7 187,0 500 1369 

225 - 252 376 239,6 1806,1 1756 431,9 700 2874 

>253 37 254,2 2386,3 3047 402,1 653 3013 

Regression model: 122,49 + 0,07 BM Coefficient of determination = 0,9039 
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Tab. 3. The values of head circumference measurements (HC) 2742 fetuses and mathematical 

model of head circumference variability (marked as in tab. 1) 

age (days) N t x  x war 
swar min max 

< 112 418 101,7 97,3 89,6 13,5 36 143 

113 - 140 412 127,9 146,5 144,5 14,9 68 216 

141 - 168 433 153,0 184,8 187,1 16,7 128 262 

169 - 196 376 179,9 225,5 226,7 18,3 157 298 

197 - 224 420 208,7 257,9 260,5 11,6 207 302 

225 - 252 376 239,6 312,2 309,2 15,3 254 357 

>253 37 254,2 246,9 376,5 11,6 287 365 

Regression model: 40,98 + 0,62 HC. Coefficient of determination = 0,9755 

Tab. 4. The values of thorax circumference (ThC) 2742 fetuses and mathematical model of 

thorax circumference variability (marked as in tab. 1) 

age (days) N t x  x war 
swar min max 

< 112 418 101,7 94,6 87,1 13,4 35 136 

113 - 140 412 127,9 142,4 140,3 14,2 59 210 

141 - 168 433 153,0 180,3 182,7 16,7 124 256 

169 - 196 376 179,9 221,8 225,2 18,2 156 292 

197 - 224 420 208,7 254,5 257,2 11,3 213 294 

225 - 252 376 239,6 309,4 306,3 15,8 245 350 

>253 37 254,2 345,4 390,2 13,6 258 365 

Regression model: 43,21 + 0,62 ThC. Coefficient of determination = 0,9760 

 

Taking into account the influence of selected factors of maternal origin and factors of external en-

vironment slightly complicated the mathematical models. Finally, the regression models for fetal 

period are as follows: 

1. Abortuses from November to April, mother’s age up to 20 years, mother’s education - primary or 

vocational school. Age = 53,7 + 0,094BM + 0,373ThC + 0,05138HC2 + 0,05357ThC2 – 

0,00016(BLxBM) + 0,00064(BLxHC) - 0,10553(HCxThC).Coefficient of determination (R2) = 

0,999. 

2. Abortuses from November to April, mother’s age up to 20 years, mother’s education - secondary 

or high school. Age = 31,6 + 5,319HC - 4,749ThC + 0,00333BL2 - 0,03816HC2- 

0,00073(BLxBM) - 0,00571(BLxThC) + 0,0033(BMxHC) - 0,00235(BMxThC) + 

0,04035(HCxThC). Coefficient of determination (R2) = 0,986. 

3. Abortuses from November to April, mother’s age up to 21 years, mother’s education - primary or 

vocational school. Age = 72,2 + 0,071BM + 0,171ThC - 0,00016(BLxBM) + 0,00126(BLxHC) - 

0,0006(HCxThC). Coefficient of determination (R2) = 0,975. 

4. Abortuses from November to April, mother’s age up to 21 years, mother’s education - secondary 

or high school. Age = 75,4 + 0,098BM + 0,137HC - 0,0084ThC2 - 0,00016(BLxBM) - 

0,00727(BLxHC) + 0,00838(BLxThC) + 0,00043(BMxHC) - 0,00051(BMxThC) + 

0,00801(HCxThC). Coefficient of determination (R2) = 0,981. 

5. Abortuses from May to October, mother’s age up to 20 years, mother’s education - primary or 

vocational school. Age = 1,103HC+ 0,00087BL2 - 0,00304HC2 - 0,00058(BLxBM) + 

0,00088(BMxThC). Coefficient of determination (R2) = 0,999. 

6. Abortuses from May to October, mother’s age up to 20 years, mother’s education - secondary or 

high school. Age = 31,6 + 5,319HC - 4,749ThC + 0,00333BL2 - 0,003816HC2 - 

0,00073(BLxBM) - 0,00571(BLxThC) + 0,0033(BMxHC) - 0,00235(BMxThC). Coefficient of 

determination (R2) = 0,990. 

7. Abortuses from May to October, mother’s age up to 21 years, mother’s education - primary or 

vocational school. Age = 0,123BM + 0,00141ThC2 + 0,00024(BMxHC) - 0,0006(BMxThC). Co-

efficient of determination (R2) = 0,965 
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8. Abortuses from May to October, mother’s age up to 21 years, mother’s education - secondary or 

high school. Age = 76,3 + 0,103BM + 0,112HC +.0,00101ThC2+ 0,00014(BLxThC) - 

0,00031(BMxThC). Coefficient of determination (R2) = 0,976. 

CONCLUSIONS 

Studying the influence of the factors which influence the variability of diagnostic features enabled 

to create regression models which assign age to the values of examined traits of fetuses. With the use 

of statistical programmes there were calculated the coefficients of regression model for four examined 

traits. The choice of optimal model for each trait and age group was made by means of the method of 

least significant differences of average values (LSD). The method chooses the model coefficients 

which squared deviation from average empirical value of the traits is the smallest. In addition, the 

calculated parameters of regression model were verified by calculating the coefficient of multiple 

determination (R2). The coefficient determines which part of dependent variable (the age of the fetus) 

is precisely described by the variability of examined somatometric traits. The obtained values of de-

termination coefficients are very high. Therefore, adapting the presented formulas of polynomials 

guarantees 95%, and bigger probability of the estimation of the age of an individual fetus. 
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ABSTRACT 

Mathematical models for estimating the age of fetuses on the basis of a few of their measurable 

traits with taking into account the influence of environmental factors. Method: The influence of 6 

environmental factors on the changeability of 4 quantitative traits was determined by means of vari-

ance analysis with the use LSD (Least Significant Differences) method on the material of 2472 fe-

tuses. There were calculated the equations of multiple regression which determine the average length 

of pregnancy depending on the selected quantitative traits with taking into account qualitative traits. 

Results: There was stated significant influence of the following environmental factors on the change-

ability of the examined traits during the fetal period: mother's age, mother's social status, the season of 

the year during which the natural abortion took place. The factors were taken into consideration in the 

presented equations of multiple regressions. 

STRESZCZENIE 

Modele matematyczne dla określenia wieku płodów na podstawie jednocześnie kilku ich cech 

mierzalnych z uwzględnieniem wpływ czynników środowiskowych. Na materiale 2472 płodów za 

pomocą analizy wariancji metodą LSD określono wpływ 6 czynników środowiskowych na zmienność 

4 cech ilościowych. Wyznaczono równania regresji wielokrotnej określające średnią długość ciąży w 

zależności od wytypowanych cech ilościowych z uwzględnieniem cech jakościowych. Stwierdzono 

istotny wpływ na zmienność wartości badanych cech w okresie płodowym następujących czynników 

środowiskowych: wieku matki, statusu socjalnego matki, pory roku w jakiej odbyło się poronienie. 

Czynniki te uwzględniono w przedstawionych równaniach regresji wielokrotnej. 


