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ABSTRACT

Objective: Describe the behaviour of the length of fetal radio in order to include it in the analysis of ultrasound in 
the week 11-13+6 of gestational age, because it is associated with multiple genetic syndromes.

Methods: An observational descriptive study was carried out on the measurement of the fetal radius in healthy 
patients with a single pregnancy who attended a screening ultrasound in weeks 11-13+6.

Results: 334 radio measurements of the fetus with Cranio caudal length (LCC) between 45 and 84 mm.  Mothers 
were on average 30.8 years old. The LCC average was 64.2 mm and the average proximal radius was 5.9 mm. The 
percentiles by gestational age of the length of the proximal radius were to percentile 5% and 95 % at 11 weeks, 1.4 
mm and 5.88 mm, for 12 weeks was 2.94 mm and 7.5 mm, for the 13 weeks was 4.66 mm and 9.91 mm and 13+6 
week was 6.5 mm and 11.07 mm respectively. A positive correlation between radial length and other fetal biometry 
was found.

 Conclusions: The Assessment of the Fetal Radio Should be Routinely Done in the Ultrasound of the 11 to the 
13+6 Week Because Of It Is Associated With Fetal Abnormalities Of Chromosomal Origin, For This Reason, 
It Is Important To Study The Behavior Of The Radius Length To Determine Fetal Values Extrapolated To 
Our Population.
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INTRODUCTION

Early screening of fetal aneuploidies has been an essential part 
of prenatal assessment for several decades. Recently, the concept 
of the inversion of the Diagnostic Pyramid has been introduced, 
in which the fetal ultrasound assessment, at week 11 to 13+6, is 
intended to determine major abnormalities and categorize risk 
[1]. Genetic screening fetal ultrasound has evolved from the 
measurement of nuchal translucency to extended anatomical 
evaluation[1-3]. 

Within the spectrum of anatomical structures to be assessed 
in fetal biometry are the long bones, which are likely to measure 
from the 11th week of gestation. The measurement of femur length 
is the most studied and used measure in the routine search for 
anatomical abnormalities and fetal growth [4], however, the radius 
is not part of the routine of ultrasound examination, despite the 
multiple associations to numerous pathologies due to chromosomal 
causes (Table 1) [5-15].

So far, only some authors describe curves of normal values for 
this bone with studies that include data obtained in gestational 
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ages greater than week 12 and come from patients with different 
sociodemographic characteristics from ours 16, therefore, the fetal 
radius should be investigated to include it systematically in the fetal 
evaluation in an early stage. 

The purpose of this study is to achieve an objectification of the 
length of the radial bone in fetuses with gestational age between 
weeks 11 to 13+6 and to determine the longitudinal radial in terms 
of percentiles.

MATERIALS AND METHODS

An observational descriptive study was carried out on fetal 
radius measurement in healthy patients with a single pregnancy 
who attended a screening ultrasound from weeks 11 to 13+6 at 
the Centro de Medicina Perinatal LTDA and Clínica Colsubsidio 
from June 2013 to June 2014; they were defined as healthy fetuses 
because the result of the ultrasound study and the concept issued 
by neonatology in the review of the postpartum medical history 
indicated this.  Written informed consents were obtained for the 
study as a part of the consent for first-trimester screening. 

The measurements of the fetal radio were obtained by three 
doctors who specialized in advanced maternal-fetal ultrasound, 

certified and with more than 20 years of experience, using the 
Expert Voluson 730 ultrasound system (GE Medical Systems, Kretz 
Ultrasound, Zipf, Austria) equipped with RIC 5-9H vaginal and 
RAB 4-8L abdominal transducers. For the evaluation of the radius, 
the technique described by O Brien and Queenan 17 (Figure 1) 
was used employing a screen freeze when the upper limb proximal 
to the transducer was fully visualized, specifically, the forearm in 
the longitudinal axis, and when the bone disposition was found 
Perpendicular to the ultrasound beam, the measurement was 
made from the greater trochanter to the most distal ossified end, 
excluding the epiphyseal portions. Later, the same repair points 
were used to measure the radius distal to the transducer.  

The reproducibility of the measurements has been evaluated in 
previous studies where at least two independent observers evaluated 
the fetal parameters. While one of the observers performed two 
serial measurements to evaluate intraobserver reproducibility, the 
other obtained the same measurements to evaluate interobserver 
reproducibility, achieving a maximum inter- and intra-observer 
variability of 2 mm and limits of agreement of 95% according to 
the technique proposed by Balt and Altman [5, 16-19].

A convenience sample was obtained consecutively. All patients 
underwent screening ultrasound from weeks 11 to 13+6 according 
to the international protocol [3]. The information was collected at 
the time of the ultrasound, feeding an EXCEL 2011 file (version 

Figure 1: Ultrasound image of the fetal radius.
Figure 2: Representation of the number of patients included in relation 
to gestational age.

Table 1. Syndromes associated with malformations of the fetal radius

Syndrome
FREQUENT OCCASIONAL

Thrombocytopenia-radius absent syndrome

ABSCENCE  HYPOPLASIA

Holt-Oram syndrome Bilateral
NA NA

Sirenomelia syndrome NA

Nager syndrome NA NA Dysgenesis

Roberts syndrome X X

Hypoplasia and abscenceMorh syndrome X X

Club-hand deformity X X

Nail-patella síndrome NA NA
Congenital radial head dislocation

Fanconni Anemia X X

Ellis–van Creveld NA NA Hypoplasia

Rothmund-Thomson síndrome NA NA Hypoplasia

Trisomy 18 syndrome NA NA Hypoplasia

Baller-Gerold syndrome X X NA

VACTERL síndrome X X NA
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14.1.0) where the patient's identification data was tabulated, 
including name, unique identification number, maternal age, 
gestational age, crown-rump length (CRL), radial length (RL), 
abdominal circumference (AC), head circumference (HC), humeral 
length (HL), femoral length (FL), thumb visibility, proximal radius 
(Pr) and distal radius (Dr). The construction of the percentile table 
was carried out from the measurement of the proximal radius due 
to the refraction and attenuation phenomena of the ultrasound 
beam on the distal radius. 

Descriptive statistics were applied and the frequency of the 
patients according to their gestational age was calculated by 
CRL. The mean, median, standard deviation, minimum and 
maximum of the variables proximal radius (Pr), distal radius (Dr), 
biparietal diameter (BPD), head circumference (HC), abdominal 
circumference (AC), femoral length (FL), and age in years of the 
patients with the STATA 10.1 software with a significant p less 
than 0.005. For the proximal fetal radius, the 5%, 10%, 25%, 50%, 
75%, 90%, and 95% percentiles were calculated and the graph of 
the percentiles curve by gestational age was made.

Dispersion graphs were obtained between the proximal radius 
and the variables BPD, HC, AC, FL, HL, and Dr Spearman's rank 
correlation coefficient was applied for each comparison.

RESULTS 

A total of 334 patients were studied, all of whom met the 
inclusion criteria of having 11 to 13+6 weeks of gestation, at 
week 11 (n=42), at week 12 (n=167), at week 13 (n=105), and 
week 13+6 (n=20) (Figure 2). 

The mothers were on average 30.8 years old with a median of 
31 years and an SD of 5.4 years, with a minimum of 14 years and a 
maximum of 44 years (Figure 3). 
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Figure 3: Histogram of maternal age expressed in years.

Table 2: Description of the morphological characteristics of the fetuses.

N Average S.D Min Max

CRL 334 64.27 9.34 46 84

BPD 334 20.53 3.08 13 26.8

HC 334 64.46 15.45 33.6 96.9

AC 332 62.03 9.1 41.2 87

HL 334 8.04 5.12 1.9 13.4

Pr 334 5.91 1.96 0.8 11.1

Figure 4: Scatter plot between the proximal radius and CC (head 
circumference).

Figure 5: Scatter plot between the proximal radius and AC (abdominal 
circumference)

Figure 6: Scatter plot between the proximal radius of the fetal 
femur.

The CRL had a minimum of 46 with a maximum of 84 and 
an average of 64.2 with an SD of 9.35. The Dr had a minimum of 
0.29 with a maximum of 10.7 and an average of 5.21 with SD 1.7. 
The HL had a minimum of 1.9 with a maximum of 13.9 and an 
average of 7.7 with SD 2.14. The FL had a minimum of 4.1 with a 
maximum of 14 and an average of 8.35 with SD 1.97. The AC had 
a minimum of 13.7 with a maximum of 87 and an average of 61.5 
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Figure 7: Scatter plot between proximal radius and hum (humeral length)

Figure 8: Scatter plot between the proximal radius and DBP (biparietal 
diameter)

Figure 9: Scatter plot between proximal radius and radius of (distal radius)

Table 3. Spearman's correlation coefficients of the proximal radius with 
the different variables.

Coefficient p-value

HC 0,58 <0.0001

BPD 0,79 <0.0001

AC 0,76 <0.0001

HL 0,80 <0.0001

FL 0,77 <0.0001

Dr 0,95 <0.0001

Figure 10: Box plot. Proximal radius in relation to gestational age 
in weeks.

Table 4: Table of percentiles of fetal radius length (mm) by a week of gestational age 

Rp percentiles by weeks 5% 10% 25% 50% 75% 90% 95%

11 weeks 1,41 2,3 3 3,9 4,525 5,2 5,88

12 weeks 2,94 3,3 4,2 5,2 6,2 6,82 7,5

13 weeks 4,66 5,46 6,5 7,2 8,4 9,54 9,91

14 weeks 6,515 6,85 7,5 8,8 9,375 10,5 11,07

with SD 9.7. The Pr had a minimum of 0.8 with a maximum of 
11.1 and an average of 5.9 with SD 1.9. The HC had a minimum 
of 96.9 with a maximum of 33.6 and an average of 64.4 with SD 
15. The BPD had a minimum of 13 with a maximum of 26 and an
average of 20.5 with SD 13. Table 1 describes the morphological
characteristics of the studied fetuses, the average CRL was 64.2 mm
and the average proximal radius was 5.9 mm (Table 2).

The correlation coefficient for BPD was 0.79, for HC it was 
0.58, for AC it was 0.76, for HL it was 0.87, for FL it was 0.77 and 
for Dr it was 0.955 (Table 3 - Figures 4 to 9). 

According to the box and whisker plot (Figure 10), the 50th 
percentile for week 11 of the Pr is 3.9 mm, for week 12 it is 5.2 
mm, for week 13 it is 7.2 mm and for week 14 is 8.8 mm. 

In the graph of percentiles by gestational age of the proximal 
radius length, the 5% and 95% percentiles for week 11 were 1.4 
and 5.88 mm, for week 12 it was 2.94 and 7.5 mm; for week 13 it 
was 4.66 and 9.91mm and for week 14 it was 6,515 and 11.07 
mm 

respectively (Table 4). 

DISCUSSION

The ultrasound evaluation of fetal long bones is a useful, precise, 
practical, and repeatable method that allows an approach, together 
with other biometric variables, to precision in the calculation of 
gestational age 18.
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Recently, the importance of fetal anatomical evaluation in the 
early stages of development has increased as part of the genetic 
diagnostic ultrasound performed between weeks 11 and 13 + 6 of 
gestational age, so it is important to know what the behaviour of 
the length of the fetal long bones in this period and thus make 
an approach to pathologies in utero. Considering that radius 
has a high association with different clinical syndromes, it is 
justified to include its characterization in the ultrasound screening 
assessment. The World Health Organization (WHO) agrees with 
the construction of local values that allow a better clinical approach 
to the evaluation of fetal growth behaviour [18-21]. 

Curves of normal behaviour have been established for the 
length of the fetal radius in previous studies in the European 
population, however, they do not include measurements at week 
11 of gestation with sample sizes for the period of interest lower 
than those obtained in our study. Due to ethnic differences, data 
cannot be extrapolated to the Latin American population. To our 
knowledge, there are no reports of reference values in the obstetric 
ultrasound of fetal long bones from week 11 to week 13+6 in the 
Latin population18. Chitty et al. in 2002 carried out a cross-sectional 
study measuring the bone length of different extremities including 
30 measurements of the radial bone in fetuses of European origin 
from week 12 to week 14 of gestation; These authors reported 
normality tables in the 10th, 50th, and 90th percentiles with values 
of 3.3, 5.5 and 7.8 for week 12; 5.9, 8.2 and 10.5 for week 13 and 
8.7, 11.0 and 13.4 for week 14 respectively4.  Exacoustos et al. in 
an Italian study, in 1991, analyzed 2317 pregnant women who 
underwent routine ultrasounds from week 13 to the 40th week of 
gestation; Measurements were made in 2186 fetal radius, reporting 
normality curves for these, however, the minimum gestational age 
for the evaluation of the fetal radius was 15 weeks, a gestational age 
that exceeds our study objective [5]. 

Concerning previous studies that report radial length for week 
12 to week 13+6, our study managed to collect a significantly 
higher sample than that of the published literature and include 
measurements at the 11th week of gestation, where we found that 
the behaviour of the distribution in 10th, 50th and 90th percentiles 
are similar to the findings previously reported for weeks 12 and 13, 
however, we observed an increase in the radial length of previous 
studies at week 13+6 compared to our study, probably due to the 
mentioned ethnic differences, in addition to observing an increase 
in radial length as gestational age advances [4, 5]. 

The sample size of our study is considered a weakness to 
determine a normal distribution pattern at the population level, 
however, the description of the behaviour of the length of the 
fetal radius of our population provides valuable information for 
medical knowledge and possible future studies because of the lack 
of information in the literature that includes the evaluation of the 
fetal radius in early stages of pregnancy with a sample like ours. On 
the other hand, the greatest strength of the study is based on the 
fact that this information was obtained from the Latin American 
population. 

Establishing the distribution values of the fetal radius length in 
the early gestation period will serve as a precedent for subsequent 
studies that increase the number of the sample and thus be able 
to determine a normal distribution pattern of the behaviour of 
the fetal radius length as a tool for ultrasound screening, useful 

information that anticipates the patient's medical and emotional 
needs of their social environment that serves as the basis for 
antenatal counselling for treating doctors and relatives of fetuses 
with abnormalities detected in utero.
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