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ABSTRACT

Introduction. Fetal biometrics is a method based on
the measurement of certain anatomical parts of the
fetus at different stages of pregnancy. Fetal growth
is influenced by a complex interaction of genetic, he-
reditary and environmental factors. A correct assess-
ment of fetal development requires knowledge of fetal
anatomy. Measurement of the length of the long bones
correlates directly with gestational age and is therefore
of paramount importance.

The objective of the study was to determine the
morphometric parameters of humerus length during
19-22 weeks of human ontogeny.

Materials and methods. To determine the fetal anat
omy of the humerus structures, we used an imaging
method such as ultrasound scanning. Fetal humerus
length measurements were performed using intravital
ultrasound (IVUS) during 19-22 weeks of gestation.
We analyzed 44 fetal ultrasounds in women with nor
mal pregnancies.

Results. From 19 to 22 weeks of fetal development,
the length of the right humerus increased from
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REsumE

Anatomie échographique foetale et paramétres mor-
phométriques de 'humérus chez les feetus a 19-22
semaines de gestation

Introduction. La biométrie foetale est une méthode
basée sur la mesure de certaines parties anatomiques
du feetus a différents stades de la grossesse. La crois-
sance du foetus est influencée par une interaction com-
plexe de facteurs génétiques, héréditaires et environ-
nementaux. Une évaluation précise du développement
foetal nécessite une connaissance de I'anatomie foetale.
La mesure de la longueur des os tubulaires longs est
directement corrélée a I’4ge gestationnel, ce qui la rend
extrémement importante.

Lobjectif de I'étude a été d’établir les parameétres
morphométriques de la longueur de I'os humérus au
cours des semaines 19 a 22 de 'ontogenése humaine.
Matériels et méthodes. Pour élucider ['anatomie foe-
tale de la structure de 'os humérus, la méthode de vi-
sualisation utilisée était I’échographie. Les mesures foe-
tométriques de la longueur de I'os humérus du foetus
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2.92+0.05 mm to 3.46£0.12 mm, while the length of
the left humerus increased from 2.95£0.06 mm to
3.48+0.09 mm. Our data on fetal morphometry of
humerus lengths indicate a relatively uniform growth
of the right and left humeri in human fetuses during
1922 weeks of gestation. The period of slow increase
in length of humerus is 21 and 22 weeks of fetal de-
velopment.

Conclusions. Ultrasound fetometry of the humerus is
one of the basic studies of fetal development. During
19-22 weeks of intrauterine development the right and
left humeri grow equally, without significant differ-
ences in their length. It has been established that the
period of intensive growth of the length of the right
and left humeri is from 20 to 21 weeks of gestation.

Keywords: fetal morphometry, ultrasound diagnos-
tics, fetus, humerus.

INTRODUCTION

The abnormal fetal development is the leading
cause of perinatal mortality in both developed and
developing countries'. The rates of early detection of
fetal anomalies remain low and vary widely between
geographic regions’.

The main method used to assess fetal health is
2D ultrasound (US) due to its low cost, wide avail-
ability, real-time capability and absence of harmful
radiation. Currently, most countries offer at least one
routine ultrasound scan between 18 and 22 weeks
of pregnancy’. Ultrasound screening is the global
standard for the diagnosis of fetal anomalies during
pregnancy’. In modern clinical practice, monitoring
of specific fetal anatomical structures is a screening
method to assess growth and development and re-
quires clinical experience in both obtaining and in-
terpreting ultrasound images*’.

Fetal biometry is the measurement of fetal ana-
tomical structures using ultrasound, assessment of
their development and linear fetal growth®. Since the
introduction of ultrasound in obstetrics, fetal biom-
etry has become an important part of prenatal diag-
nosis. Accurate biometric measurements that can be

ont été effectuées par échographie obstétricale pendant
les semaines 19 4 22 de la grossesse. Quarante-quatre
échographies ont été analysées chez des femmes en-
ceintes avec une grossesse normale.

Résultats. De la 19¢ a [a 22e semaine de développe-
ment intra-utérin, la longueur de I'os humérus droit
augmente de 2,92+0,05 mm a 3,46+0,12 mm, tandis
que la longueur de I'os humérus gauche augmente de
2,95+0,06 mm a 3,48+0,09 mm. Nos données sur la
morphométrie foetale des longueurs des os humérus
indiquent une croissance relativement uniforme de
la longueur des os humérus droit et gauche chez les
foetus humains de 19 4 22 semaines de gestation. Les
périodes de croissance ralentie de la longueur des os
humérus se situent entre la 21e et la 22e semaine de
développement intra-utérin humain.

Conclusions. La feetométrie des os humérus par écho-
graphie est une étude fondamentale du développement
foetal. De la 19e a la 22e semaine de développement
intra-utérin, les os humérus droit et gauche croissent
de maniére égale, aucune différence significative de
longueur na été observée. Il a été établi que la période
de croissance intensive de la longueur des os humérus
droit et gauche se situe entre la 20e et la 21e semaine
de gestation.

Mots-clés: morphométrie foetale, diagnostic par ul-
trasons, foetus, os humérus.

obtained with ultrasound are important for quality
obstetric care. In addition to confirming normal fetal
development, ultrasound-derived measurements can
be compared to standard reference charts to detect
early fetal growth abnormalities. Common measure-
ments include fetal coccygeal length (FCL), biparietal
diameter (BPD), head circumference (HC), abdomi-
nal circumference (AC), femur length (FL), and hu-
merus length (HL). These values help diagnose fetal
pathology and assess severity, including congenital
malformations such as macrocephaly, microcephaly,
and limb anomalies, as well as intrauterine growth
retardation or macrosomia®®,

The measurement of the length of the long tubu-
lar bones of the fetus, including the humerus, is used
in fetal anatomy and to estimate the gestational age
of the fetus. In addition, the assessment of the length
of the long tubular bones of the skeleton is important
for early detection of bone anomalies and chondro-
plasia’. Out of all pregnancies, 2% of fetuses have
structural anomalies, while approximately 10-20%
of fetuses have growth disorders”!!. Therefore, the
importance of performing fetal biometry using ul-
trasound, which is a highly accurate method, should
not be underestimated, as inaccurate biometric
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Table 1. Length of humeri measured by ultrasound in fetuses at 19-22 weeks of gestation (mm).

19 weeks 20 weeks 21 weeks 22 weeks
right left right left right left right left
Number of fetuses 12 17 10 5
Min 2,85 2,88 2,93 2,16 3,2 3,23 3,27 3,37
Max 3,00 3,06 3,24 3,24 3,55 3,58 3,58 3,57
M 2,92 2,95 3,13 3,18 3,34 3,77 3,46 3,48
m 0,05 0,06 0,08 0,04 0,11 0,11 0,12 0,08

measurements can lead to incorrect management de-
cisions that can have serious consequences!"'?.

THE OBJECTIVE OF THE STUDY was to determine the
morphometric parameters of humerus length during
19-22 weeks of human ontogeny.

MATERIALS AND METHODS

To determine the fetal anatomy of humeral
structures, ultrasound scanning was used. The study
was performed in accordance with the cooperation
agreement with the Yuzko Medical Center (Ukraine)
using an ultrasound scanner (Voluson E8, manufac-
tured by General Electric, 2013).

The fetal humerus length was measured by ul-
trasound at 19-22 weeks of gestation. We analyzed
44 fetal ultrasounds in women with normal pregnan-
cies. To measure fetal humerus size, the transducer
was positioned so that the distal and proximal ends
of the bone were clearly visible and the angle to the
surface of the transducer was less than 45°. The hu-
meral plane should occupy more than half of the to-
tal image area. Calipers were correctly placed at the
proximal and distal ends of the humerus. Two bio-
metric images of the humerus were collected at each
examination.

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

The builtin 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 Excel.

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 Scientific Medical Research
Involving Human Subjects (1964 - 2013), Order
of the Ministry of Health of Ukraine No. 690
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from 23.09.2009 and taking into account the
Methodological Recommendations of the Ministry
of Health of Ukraine “Procedure for removal of bio-
logical objects from deceased persons whose bodies
are subject to forensic and pathological examination
for scientific purposes” (2018). The Commission on
biomedical ethics of the Bukovinian State Medical
University (Protocol No. 3, dated 16.11.2023) did not
find any violations of moral and legal norms in the
conduct of research.

RESULTS AND DISCUSSION

The morphometric parameters of the length of
the right and left humeri in 19-22 weeks of gestation
were determined (Table 1).

From the 19" to the 22" week of intrauterine
development, the length of the right humerus increas-
es from 2.92+0.05 mm to 3.46+0.12 mm, while the
length of the left humerus increases from 2.95+0.06
mm to 3.48+0.09 mm (Table 1).

Our data on fetal morphometry of humerus
lengths indicate a relatively uniform growth of the
right and left humeri in human fetuses during 19-22
weeks (Fig. 1-4). Thus, both humeri grow equally dur-
ing this period and no significant differences in their
lengths were found. The study revealed a period of
intensive growth in the length of the right and left
humeri, namely from 20 to 21 weeks of gestation
(Table 1). Periods of slow growth of humerus length
are from 21 to 22 weeks of gestation (Table 1).

Data on the length of the long tubular bones are
extremely important for determining fetal anatomy
and for assessing the gestational age (GA) of the fetus
in normal and pathological conditions. Shortening
of long fetal bones, such as the humerus and femur,
is an ultrasound indicator for screening for Down
syndrome in the second trimester'>™,

Ethnic differences in fetal biometric measure-
ments have been reported®'*, Beigi and Zarrin
Koub reported that the fetuses studied had a shorter
femur length compared to European studies'.
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Fig. 3. Fetal humerus ultrasound at 21 weeks gestation.

Accurate fetal biometry is of paramount im-
portance to the obstetrician, who will make clini-
cal decisions about pregnancy management based
on the measurements made by the ultrasound pro-
viders. When fetal biometry is not performed accu-
rately, it can lead to over- or underestimation of fetal

Fig. 4. Fetal humerus ultrasound at 22 weeks gestation.

development, which in turn can lead to subsequent
inappropriate pregnancy management'>¢,

The femur and humerus are long, tubular bones;
they can be very easily visualized and measured by
ultrasound to calculate fetal weight in the second
and third trimesters". For the prediction of GA, it
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is necessary to use the lengths of two or more bones
for accuracy. In cases where measurement of bipa-
rietal diameter (BPD) is difficult, the length of the
femur and humerus can reliably estimate fetal age.
Very few studies have been conducted in the litera-
ture so far using humerus length (HL) to estimate
GA. Therefore, it is important that fetal biometry is
performed for local populations and it is important
to build localized charts of normal biometry relative
to the place of residence'®,

Kovac et al concluded that Asians have a shorter
than expected femur length”®. Undoubtedly, ethnic
differences in fetal long bone length will affect Down
syndrome screening. In some studies, positive ultra-
sound findings for Down syndrome screening were
more common in non-white individuals due to re-
duced long bone length".

Patre et al. found that humerus length, along
with femur length, accurately detected GA among all
other measurements®®. Tahmasebpour et al. examined
the linear relationship between GA and the length of
the femoral diaphysis and humeral diaphysis. Several
biometric parameters were measured in each fetus,
including biparietal diameter, femoral length, and
length of the ossified part of the humerus, at differ-
ent gestational ages from 13 to 28 weeks. The corre-
lation coefficient of femoral length (r = 0.84) and bi-
parietal size (r = 0.93) showed a high degree of linear
relationship with humerus length (HL)"*.

Most of the parameters of standard growth
curves were developed by researchers in Europe.
Very few studies have been conducted on fetuses in
Ukraine. According to previous studies, it is obvious
that normal ranges for long tubular bones of the re-
spective GA should be specified for different racial
and ethnic groups, and each population should have
its own normal growth charts®. In our study, we pro-
vide the normal growth range for humerus length in
fetuses of 19-22 weeks of gestation of the Ukrainian
population.

CONCLUSIONS

Fetometry of the humeri by ultrasound is one of
the main studies of fetal development. Both humeri
grow equally in the period of 19-22 weeks, no sig-
nificant differences in their length were found. It has
been established that the period of intensive growth
of the length of the right and left humerus is from 20
to 21 weeks of fetal development.

Author Contributions:

TV.K. is responsible for the conception, reviewing and
editing the manuscript. O.A.K. is responsible for the data
acquisition, anatomical investigations and data analysis,

12 / vol.59,n0.1

design and writing the manuscript. L1.Z., O.V.G., and
M.LK. aided to the design, reviewing and editing the man-
uscript. All authors contributed equally to the present work.
All authors contributed to the critical revision of the article
for valuable intellectual content. All the authors have read
and agreed with the final version of the article.

Compliance with Ethics Requirements:

“The authors declare no conflict of interest regarding
this article”

"The authors declare that all the procedures and ex-
periments of this study respect the ethical standards in the
Helsinki Declaration of 1964, as revised in 2013, as well

as the national law”
“No funding for this study”

REFERENCES

1. Abuhamad A, Falkensammer P, Reichartseder F, Zhao Y.
Automated retrieval of standard diagnostic fetal cardiac ul-
trasound planes in the second trimester of pregnancy: a pro-
spective evaluation of software. Ultrasound Obstet Gynecol.
2008;31(1):30-6.

2. Papageorghiou AT, Kemp B, Stones W, et al; International
Fetal and Newborn Growth Consortium for the 21st
Century (INTERGROWTH-21st). Ultrasound-based gesta-
tional-age estimation in late pregnancy. Ultrasound Obstet
Gynecol. 2016;48(6):719-726.

3. Sridar P, Kumar A, Quinton A, Kennedy NJ, Nanan R, Kim
J. An automated framework for large scale retrospective
analysis of ultrasound images. IEEE ] Transl Eng Health Med.
2019; 19(7): 1800909.

4. Carneiro G, Georgescu B, Good S, Comaniciu D. Detection
and measurement of fetal anatomies from ultrasound im-
ages using a constrained probabilistic boosting tree. IEEE
Trans Med Imaging. 2008;27(9):1342-55.

5. Jardim SM, Figueiredo MA. Segmentation of fetal ultra-
sound images. Ultrasound Med Biol. 2005;31(2):243-50.

6. March MI, Warsof SL, Chauhan SP. Fetal biometry:
relevance in obstetrical practice. Clin Obstet Gynecol.
2012;55(1):281-7.

7. Pashaj S, Merz E, Petrela E. Automated ultrasonographic
measurement of basic fetal growth parameters. Ultraschall
Med. 2013;34(2):137-44.

8. Wu L, Cheng JZ, Li S, Lei B, Wang T, Ni D. FUIQA:
Fetal Ultrasound Image Quality Assessment With Deep
Convolutional Networks. IEEE Trans Cybern. 2017; 47(5):
1336-1349.

9. Salomon L], Bernard JP, Duyme M, Doris B, Mas N, Ville Y.
Feasibility and reproducibility of an image-scoring method
for quality control of fetal biometry in the second trimester.
Ultrasound Obstet Gynecol. 20065 27(1): 34-40.

10. Salomon LJ, Ville Y. The science and art of quality in ob-
stetric ultrasound. Curr Opin Obstet Gynecol. 2009; 21(2):
153-60.

11. Salomon LJ, Alfirevic Z, Berghella V, et al; ISUOG Clinical
Standards Committee. Practice guidelines for perfor-
mance of the routine mid-trimester fetal ultrasound scan.
Ultrasound Obstet Gynecol. 2011; 37(1): 116-26.

12. Baumgartner CF, Kamnitsas K, Matthew ], et al. SonoNet:
real-time detection and localisation of fetal standard scan



Archives of the Balkan Medical Union

15.

16.

planes in freehand ultrasound. IEEE Trans Med Imaging.
2017;36(11):2204-2215.

. Kovac CM, Brown JA, Apodaca CC, et al. Maternal ethnic-

ity and variation of fetal femur length calculations when
screening for Down syndrome. J Ultrasound Med. 2002;
21(7): 71922; quiz 724-5.

. Beigi A, Zarrin Koub F. Ultrasound assessment of fetal bipa-

rietal diameter and femur length during normal pregnancy
in Iranian women. Int J Gynaecol Obstet. 2000; 69(3):237-42.
Dudley NJ, Chapman E. The importance of quality manage-
ment in fetal measurement. Ultrasound Obstet Gynecol. 2002;
19(2):190-6.

Emmanuel OU, Godwin UQ, Cyril CD, Samuel NO,
Euzebus CE, Innocent 10. Women’s perception of accuracy
of ultrasound dating in late pregnancy: a challenge to pre-
vention of prolonged pregnancy in a resource-poor Nigerian
setting. International Journal of Women’s Health. 2014;6:
195-200.

. Nagesh R, Pramila SVV, Shukla AK. Ultrasonographic

estimation of foetal gestational age by humerus length
and its comparison with femur length. J Evid Based Med
Healthc. 2016;3:4040-4.

. Mital P, Ainani R, Hooja N, et al. A cross-sectional study to

evaluate sonographic foetal humerus length for estimation

19.

20.

21.

22.

23.

of gestational age in normal singleton pregnancies at a ter-
tiary care centre. Int ] Reprod Contracept Obstet Gynecol. 2019;
8: 3622-8.

Ogasawara KK. Variation in fetal ultrasound biometry based
on differences in fetal ethnicity. Am J Obstet Gynecol. 2009;
200(6): 676.¢1-4.

Patre V, Aryan AK, Sahu P, Patre V. Ultrasonographic evalu-
ation of fetalhumerus length for assessment of gestational
age and its comparison with other conventional param-
eters. Int J Sci Stud. 2015; 3: 58-64.

Tahmasebpour AR, Pirjani R, Rahimi-Foroushani A,
Ghaffari SR, Rahimi-Sharbaf F, Masrour FF. Normal ranges
for fetal femur and humerus diaphysis length during the
second trimester in an Iranian population. J Ultrasound Med.
2012; 31(7): 991-5.

Kaur M, Sharma R, Kapoor K, Kaur R, Arora KS. Fetal
humeral diaphyseal length in the second trimester - a ra-
diographic observational study among Indian population.
J Pharm Bioallied Sci. 2023; 15(Suppl 2): S1239-S1243.
Mounika V, Arafat H, Mallikarjunappa, Revathi RB,
Magaluri P. Ultrasonic evaluation of fetal humerus length
for assessment of gestational age and its comparison with
other conventional parameters. International Journal of

Scientific Research. 2019; 8: 9-11.

March 2024 ,/ 13



