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Summary
Assessment of the length of the long tubular bones of the fetus, including the ulna and radius, is used in modern fetal anatomy 

and to estimate the gestational age of the fetus. In addition, assessment of the length of the long tubular bones of the skeleton 
is important for the detection of skeletal disproportion, namely achondroplasia and hypochondroplasia. Congenital defects can 
also be diagnosed prenatally by ultrasound.

Objective of the research. To determine the morphometric parameters of ulna and radius length at 19-22 weeks of gestation.
Materials and methods. To determine the fetal anatomy of the structures of the ulna and radius, we used an imaging method 

such as ultrasound scanning. Fetometric measurements of the length of the fetal ulna and radius were performed using intravital 
ultrasound (IVUS) at 19-22 weeks of gestation. We analyzed 44 fetal ultrasounds in women with normal pregnancies.

Results. From the 19th to the 22nd week of intrauterine development, the length of the right ulna increases from 2.77±0.17 mm 
to 3.22±0.12 mm, while the length of the left ulna increases from 2.73±0.16 mm to 3.26±0.15 mm.

From the 19th to the 22nd week of intrauterine development, the length of the right radius increases from 2.50±0.12 mm to 
2.92±0.22 mm, while the length of the left radius increases from 2.46±0.12 mm to 2.88±0.20 mm.

Conclusions. Fetometry of the ulna and radius bones by ultrasound is one of the basic studies of fetal development. The 
bones of the forearm grow almost equally during the study period and no signifi cant diff erences in their growth are observed. 
We found that the period of intensive growth of forearm bones in the second trimester is 20-21 weeks of gestation, and the period 
of slow growth is 19-20 weeks of gestation.

Key words: Fetal Morphometry; Ultrasound Diagnosis; Fetus; Ulna; Radius.

Introduction
Congenital anomalies or defects can be structural 

or functional and occur during fetal life. Some of these 
anomalies are detected prenatally during second trimester 
morphologic ultrasound, at birth, or later in childhood. 
According to the World Health Organization, approximately 
240,000 newborns die each year from birth defects within 
the fi rst month of life [1]. 170,000 newborns die before the 
age of fi ve. The incidence of congenital anomalies is high 
in low- and middle- income countries for social, economic, 
and racial reasons [2].

Lack of organic foods, increased susceptibility to 
infections, alcohol, lack of adequate prenatal care and 
screening in the early stages of pregnancy lead to a higher 
risk of birth defects. Early detection of anomalies can 
facilitate prenatal and postnatal treatment or manage 
certain disorders by stopping their progression. Congenital 
defects can be diagnosed prenatally using ultrasound [3]. 
Existing methods cannot achieve high effi  ciency in detecting 
anomalies. Discrepancies between prenatal and postnatal 
diagnosis have been reported, with sensitivities ranging from 
27.5 % to 96 % [4]. Diff erent studies have shown diff erent 
accuracy of detection of congenital anomalies by ultrasound: 
from 32.5 % (inexperienced ultrasound specialist) to 52 % 
(experienced ultrasound specialist) [5]. A recent study in 
Denmark showed a detection rate of 69 % [6].

Ultrasound has a special meaning in prenatal diagnosis. 
The analysis of fetal congenital malformations (FCM) by 
ultrasound during pregnancy shows a clear relationship 
between the type of upper limb FCM and the time of its 

detection [7]. It has been found that a number of upper 
limb malformations can be diagnosed at the end of the 
fi rst or beginning of the second trimester of pregnancy. 
These include: amelia, achondrogenesis type 1. Amelia and 
achondroplasia are diagnosed at 13-20 weeks of gestation, 
arthrogryposis and skeletal deformities at 21-28 weeks of 
gestation, and syndactyly and absence of individual bones 
at 29-40 weeks of gestation. The diagnostic accuracy 
of these FCMs in the 2-3 trimesters of pregnancy is 
close to 100 %. False-negative results are mainly due to 
examinations performed before the appearance of visible 
anatomical changes, the presence of small anomalies, 
especially in the upper extremities or their distal parts, 
the position of the fetus, which makes it difficult to 
visualize its individual organs or parts, and insuffi  ciently 
thorough examination. It should be noted that the absence 
of an echographic image of FCM at the fi rst or repeated 
ultrasound examination does not exclude its detection at 
a later date. In this regard, for timely diagnosis of fetal CM, 
a clear organization of ultrasound examination is necessary: 
it is performed in all pregnant women at least 3 times 
during pregnancy: at 10-12, 20-22 and 30-32 weeks, and 
depending on the indications (history or suspicion of fetal 
CM) – more frequently (every 3-4 weeks) with a thorough 
examination of all organs and systems of the fetus [8, 9].

Second trimester ultrasound is mainly used to evaluate 
the anatomical structures of the fetus. Most congenital 
malformations can be detected at this stage. Second trimester 
fetal ultrasound scans also serve as a baseline against which 
later scans can be compared to assess fetal growth [10].
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At present, at least one routine ultrasound scan is off ered 
worldwide between 18 and 22 weeks of pregnancy [11].

The examination of the length of the long tubular 
bones of the fetus, including the ulna and radius, is used 
in modern fetal anatomy and to assess the gestational age 
of the fetus. In addition, assessment of the length of the 
long tubular bones of the skeleton is important for the 
detection of skeletal disproportion, namely achondroplasia 
and hypochondroplasia [12].

The aim  of our study was to determine the 
morphometric parameters of ulna and radius length at 
19-22 weeks of gestation.

Materials and methods. To determine the fetal 
anatomy of the structures of the ulna and radius, we used 
an imaging method such as ultrasound scanning. The 
study was performed on an ultrasound scanner (Voluson 
E8, manufactured by General Electric, 2013) at the Yuzko 
Medical Center in accordance with the cooperation 
agreement.

Fetal ulna and radius length measurements were 
performed by ultrasound at 19-22 weeks of gestation. 
We analyzed 44 fetal ultrasounds in women with normal 
pregnancies.

To measure the size of the ulna and radius in the 
fetus, the transducer was positioned so that the distal and 
proximal ends of the bones were clearly visible and the 
angle to the surface of the transducer was less than 45°. 
The plane of the bones should occupy more than half of 
the total image size. Calipers were correctly placed at the 
proximal and distal ends of the ulna and radius.

Multiple pregnancies, pregnancies longer than 
18-22 weeks, or pregnancies complicated by structural 
anomalies were excluded from the study.

Two biometric images of the ulna and radius were 
collected at each examination.

The built-in functions of MS Excel were used for 
statistical calculations. The arithmetic mean and its error 
were calculated.

Comparisons between study groups were made using the 
non-parametric Mann- Whitney test in the Excel program.

The study was conducted in accordance with the 
basic bioethical provisions of the Convention of the 
Council of Europe on Human Rights and Biomedicine 
(April 4, 1997), the Declaration of Helsinki of the 
World Medical Association on the Ethical Principles for 
Scientifi c Medical Research Involving Human Subjects 
(1964-2013).), Order of the Ministry of Health of Ukraine 
No. 690 from 23.09.2009 and taking into account the 
Methodological Recommendations of the Ministry of 
Health of Ukraine «Procedure for removal of biological 
objects from deceased persons whose bodies are subject 
to forensic and pathological examination for scientific 
purposes» (2018). The Commission on Biomedical Ethics 
of Bukovinian State Medical University (Protocol No. 8 
dated 16.05.2024) did not fi nd any violations of moral and 
legal norms in the conduct of research.

Results of the study and discussion. The morphometric 
parameters of the length of the right and left ulna and radius 
at 19-22 weeks of gestation were determined (Table).

From the 19th to the 22nd week of intrauterine 
development, the length of the right ulna increases from 
2.77±0.17 mm to 3.22±0.12 mm, while the length of the 
left ulna increases from 2.73±0.16 mm to 3.26±0.15 mm 
(Table).

From 19 to 22 weeks of fetal development, the length 
of the right radius increases from 2.50±0.12 mm to 
2.92±0.22 mm, while the length of the left radius increases 
from 2.46±0.12 mm to 2.88±0.20 mm (Table).

Table

Ulna and radius length measured by ultrasound in fetuses at 19-22 weeks gestation (mm)

Ulna

Gestation term 19 week 20 week 21 week 22 week

Limb right left right left right left right left

Number of fetuses 12 17 10 5

Min 2,58 2,55 2,64 2,62 2,93 2,90 3,05 3,09

Max 3,15 3,05 3,16 3,06 3,25 3,28 3,37 3,47

М 2,77 2,73 2,91 2,89 3,10 3,06 3,22 3,26

m 0,17 0,16 0,14 0,10 0,11 0,14 0,12 0,15

Radius

Gestation term 19 week 20 week 21 week 22 week

Limb right left right left right left right left

Number of fetuses 12 17 10 5

Min 2,29 2,21 2,33 2,37 2,55 2,58 2,69 2,68

Max 2,65 2,63 2,78 2,75 2,99 2,97 3,18 3,14

М 2,50 2,46 2,63 2,59 2,73 2,73 2,92 2,88

m 0,12 0,12 0,11 0,09 0,13 0,14 0,22 0,20
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Fig. 1. Fetal ulna and radius sonogram at 19 weeks gestation.

 
Fig. 2. Fetal ulna and radius ultrasound at 20 weeks of gestation.

 
Fig. 3. Fetal ulna and radius sonogram at 21 weeks of gestation.

 
Fig. 4. Fetal ulna and radius sonogram at 22 weeks of gestation.
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Our data on fetal morphometry of ulna and radius lengths 
indicate a relatively uniform growth of right and left ulna and 
radius lengths in human fetuses during 19-22 weeks. Thus, 
both the ulna and the radius grow equally during this period 
and no signifi cant diff erences in their lengths were found.

During the study, a period of intensive growth in the 
length of the right and left ulna was identifi ed, namely from 
20 to 21 weeks of gestation (Table).

The period of slow growth of ulna length is from 19 to 
20 weeks of gestation (Table).

During the study, a period of intensive growth of the 
length of the right and left radial bones was established, 
namely from 20 to 21 weeks of gestation (Table).

The period of slow growth of the length of the radial 
bones is from 19 to 20 weeks of gestation (Table).

One of the most important parts of prenatal sonography 
is fetal biometry, which has ethnic diff erences. Prenatal 
ultrasound assessment of the fetus during routine 
examinations is essential for fetal monitoring [13]. 
Reference charts and equations are the gold standards 
for fetal assessment. For example, the use of reference 
charts and equations to determine fetal size may aff ect the 
interpretation of fetal biometrics [14].

The use of individualized fetal biometric charts allows 
for better differentiation between pathologic growth 
abnormalities and physiologic extremes [15].

Prenatal medicine is developing at a very fast 
pace. Especially in the fi eld of genetic diagnostics, the 
possibilities have increased signifi cantly in recent years.

Fetal ultrasound is the basis of any prenatal diagnosis, 
and the more accurate the examination, the faster it leads 
to a clear diagnosis and thus forms the basis for optimized 
counseling of the future parents [16].

Although sonographic assessment of radius and ulna 
length is not a routine fetal biometric measurement, it is 
easily performed with ultrasound. As with all long tubular 
bone measurements, the measurement of fetal radius 
and ulna length, especially in the second trimester of 
pregnancy, is extremely important in assessing harmonious 

development. This parameter can be used to assess the 
proportionality of body structure and fetal size, and to 
exclude the presence of upper limb malformations [17,18].

In particular, the accuracy of fetal size measurement is 
of paramount importance to the obstetrician- gynecologist 
who assesses future risks and makes decisions about 
delivery methods. Failure to obtain accurate fetal biometry 
data may lead to inaccurate assessment of fetal development 
and further inappropriate management of the pregnant 
woman [19,20].

The long tubular bones of the extremities are easily 
visualized and measured by ultrasound to determine fetal 
size, especially in the second and third trimesters. In cases 
where the biparietal diameter cannot be measured, the 
lengths of the long tubular bones serve as markers for 
estimating fetal age. Therefore, it is extremely important 
to perform fetal biometry, i. e. measurement of the long 
tubular bones of the extremities, for diff erent populations 
and to construct nomograms based on these data [21, 22].

Most of the fetal growth parameters have been 
measured by European researchers, but unfortunately few 
such studies have been conducted in Ukraine [23-25]. 
Therefore, the aim of our study was to provide normal 
values and to make nomograms of growth of the right and 
left ulna and radius of fetuses of the second trimester of 
pregnancy for Ukrainian doctors.

Results. Fetometry of ulna and radius by ultrasound 
belongs to the basic studies of fetal development. The 
bones of the forearm grow almost equally during the 
study period and no signifi cant diff erences in their growth 
are observed. It has been established that the period of 
intensive growth of forearm bones in the second trimester 
is 20-21 weeks of gestation, and the period of slow growth 
is 19-20 weeks of gestation.

Prospects for further research. To determine the 
morphometric parameters of the length of the ulna and 
radius at 30-34 weeks of gestation.
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ФЕТАЛЬНА УЛЬТРАЗВУКОВА АНАТОМІЯ І МОРФОМЕТРИЧНІ ПАРАМЕТРИ ЛІКТЬОВОЇ 
ТА ПРОМЕНЕВОЇ КІСТОК У ПЛОДІВ 19-22 ТИЖНІВ ВАГІТНОСТІ

О. А. Коваль1, Т. В. Хмара1, І. І. Заморський1, А. Г. Ходан2, М. І. Кривчанська1

Буковинський державний медичний університет1,
Медичний центр лікування безпліддя

(м. Чернівці, Україна)

Резюме
Вивчення довжини довгих трубчастих кісток плода, у тому числі і ліктьової та променевої кісток, використовується у сучас-

ній фетальній анатомії та для оцінки гестаційного віку плода. Окрім цього, оцінка довжини довгих трубчастих кісток скелета 
має значення для виявлення диспропорцій скелета, а саме ахондроплазії та гіпоходроплазії. Уроджені дефекти також можна 
діагностувати пренатально, виконавши ультразвукове сканування.

Мета дослідження. Встановити морфометричні параметри довжини ліктьової та променевої кісток на 19-22 тижнях гестації.
Матеріали і методи. Для з’ясування фетальної анатомії структур ліктьової та променевої кісток використано такий метод 

візуалізації як ультразвукове сканування. Фетометричні вимірювання довжини ліктьової та променевої кісток плода проводили 
за допомогою прижиттєвої ультразвукової діагностики (УЗД) упродовж 19-22 тижнів вагітності. Проаналізовано 44 УЗД плодів 
у жінок із нормальним перебігом вагітності.

Результати. Із 19 тижня по 22 тиждень внутрішньоутробного розвитку довжина правої ліктьової кістки зростає з 2,77±0,17 мм 
до 3,22±0,12 мм, при цьому довжина лівої ліктьової кістки збільшується з 2,73±0,16 мм до 3,26±0,15 мм.

Із 19 тижня по 22 тиждень внутрішньоутробного розвитку довжина правої променевої кістки зростає з 2,50±0,12 мм до 
2,92±0,22 мм, при цьому довжина лівої променевої кістки збільшується з 2,46±0,12 мм до 2,88±0,20 мм.

Висновки. Фетометрія ліктьових та променевих кісток за допомогою УЗД відноситься до базових досліджень розвитку 
плода. Кістки передпліччя у досліджуваний період ростуть практично однаково і суттєвих відмінностей у їх рості не спостері-
гається. Нами встановлено, що періодом інтенсивного росту кісток передпліччя у другому триместрі є 20-21 тижні гестації, 
а періодом сповільненого росту – 19-20 тижні гестації.

Ключові слова: фетальна морфометрія; ультразвукова діагностика; плід; ліктьова кістка; променева кістка.
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