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Abstract

Streszczenie

Regular, long-term anthropometric follow-up is one of the fundamental methods of assessing the child’s health and well-being.
However, there is still a lot of inconsistency in anthropometric practices and standards that may have a negative impact on clinical
practice (e.g. delay in diagnosing children with growth or feeding disorders, genetic and metabolic syndromes). The paper
discusses the principles of basic measurements: length/height, body weight, circumferences: head, chest and arm. Attention was
also paid to the use of professional anthropometric equipment. Appropriately performed measurements allow the calculation of
weight-height indices, which define nutrition disturbances (overweight, obesity and malnutrition), and also constitute the basis
for conducting specialised diagnostics. In 2011, a group of experts recommended standards of body length/height, body weight,
head circumference and body mass index developed by the World Health Organization for children up to 5 years of age. In 2013,
nationwide reference values for weight, height and body mass index for children aged from 3 to 6 years were published and
accepted as valid (OLA project). They complemented previously developed percentile charts for children aged 7-18 years (OLAF
project). The paper proposes to adopt uniform standards of anthropometric measurements and to initiate a discussion in the
paediatric community on the acceptance of common growth charts for the basic anthropometric measurements.
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Jedna z podstawowych metod oceny stanu zdrowia i dobrostanu dziecka jest systematyczna i dlugofalowa ocena
antropometryczna. Nadal jednak panuje w jej zakresie do$¢ duza dowolno$¢ praktyk i standardéw, ktore moga niekorzystnie
wplynaé na praktyke kliniczng, prowadzac m.in. do opdznienia diagnozy u dzieci z zaburzeniami wzrastania, zespolami
genetycznymi, metabolicznymi czy zaburzeniami karmienia. W pracy omdéwione zostaly zasady wykonywania podstawowych
pomiaréw: dlugosci i wysokosci ciala, masy ciala, obwodéw: glowy, klatki piersiowej i ramienia. Zwrécono réwniez uwage
na konieczno$¢ stosowania profesjonalnego sprzetu antropometrycznego, bez ktérego wykonanie pomiardw jest niemozliwe.
Odpowiednio przeprowadzone pomiary pozwalaja bowiem na obliczenie wskaznikéw wagowo-wzrostowych, ktére definiujg
zaburzenia stanu odzywienia (nadwagg, otylos¢ i niedozywienie), a takze stanowia podstawe specjalistycznej diagnostyki.
W 2011 roku grupa ekspertéw zarekomendowata dla dzieci do 5. roku zycia standardy diugo$ci/wysokosci ciala, masy ciata,
obwodu glowy i wskaznika masy ciata opracowane przez Swiatowa Organizacje Zdrowia. W 2013 roku zostaty opublikowane
i przyjete jako obowiazujace ogolnopolskie wartoéci referencyjne masy i wysokosci ciala oraz wskaznika masy ciata dla dzieci
od 3. do 6. roku zycia (projekt OLA), stanowigce uzupelnienie wcze$niej opracowanych siatek centylowych dla dzieci w wieku
7-18 lat (projekt OLAF). Zaproponowano przyjecie jednolitych standardéw pomiaréw antropometrycznych oraz rozpoczecie
dyskusji nad przyjeciem wspdlnych dla polskiego srodowiska pediatrycznego siatek centylowych dla podstawowych
pomiaréw antropometrycznych.

Stowa kluczowe: wysokos¢ ciala, masa ciala, siatki centylowe, dzieci
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INTRODUCTION

egular, long-term anthropometric monitoring is one
sz the fundamental, yet often underestimated, meth-
ds of assessing the child’s health and well-being.

It allows for early detection of disorders that may be the
first and, in some cases, the only symptom of a disease.
Furthermore, slower growth and/or body weight gain are an
indication for thorough diagnosis in patients with chronic,
non-specific symptoms (such as recurrent abdominal pain,
bone pain, rapid fatigue, and feeding disorders).
Properly performed measurements allow for the calcu-
lation of weight-growth indices, which are the basis for
currently used definitions of nutritional disorders (over-
weight, obesity and malnutrition). Nutritional disor-
ders require diagnosis and treatment, and when coex-
isting with other chronic diseases, they may contribute
to complications and/or difficulties in the treatment of
the underlying disease. An assessment of the nutritional
status is also useful for treatment outcome evaluation —
an analysis of anthropometric measurements is a sensi-
tive indicator of the efficacy of many therapies used in
children®.

According to the common belief, medical knowledge on

anthropometric measurements is complete and included

in the chapters of canonical textbooks on introductory to
paediatrics. In reality, however, it is difficult to find anoth-
er method with so much freedom in practice or standards
that would be of such importance for the clinical practice®.

In the paediatric community, no consensus has been

reached so far on some very basic issues related to anthro-

pometric measurements:

1. what measurements, in addition to body weight and
length, should be routinely performed in healthy chil-
dren and with what frequency?

2. what measurement techniques should be used?

3. what equipment should be used by a paediatrician or
a nurse for anthropometric measurements?

4. which growth charts should be used?
Contrary to what might seem, these are not only aca-
demic considerations as the lack of uniform principles
and errors resulting from the lack of knowledge on or
failure to apply anthropometric standards often delay
the diagnosis and treatment or, quite the contrary, un-
necessarily initiate a cascade of tests, consultations and
therapies in the clinical practice, which is broadly under-
stood as the whole of outpatient and inpatient activities.
The lack of generally accepted rules also affects commu-
nication and cooperation both between doctors and be-
tween doctors and patients.
The aim of this paper is to initiate a discussion on unifica-
tion of standards for monitoring child development: uni-
fying the techniques of anthropometric measurements,
adopting growth charts/standards common for the entire
paediatric community, and choosing the principles for in-
terpreting the obtained results.
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ASSESSMENT OF CHILD’S DEVELOPMENT

Long-term monitoring of basic anthropometric parame-
ters, such as body weight, body length/height, and head
circumference, is performed using uniform measure-
ment protocols. The frequency of anthropometric mea-
surements should be adjusted to the dynamics of develop-
ment. A schedule (frequency) of medical visits, including
anthropometric measurements, is proposed in the new
child’s medical history record book. Unfortunately, the
schedule assumes no measurements between 1 and 2 years
of age (e.g. during vaccination at 18 months of age) and
recommends only body weight and height follow-up after
the age of 5 years — once every 3 years. Inadequate mon-
itoring of physical development may delay the diagnosis
of many diseases.

BODY LENGTH AND HEIGHT

The European Society for Paediatric Endocrinology lists
118 syndromes/diseases that may be accompanied by im-
paired body growth and at least 36 conditions character-
ised by excess body length®. These include diseases with
a natural history involving a long asymptomatic phase with
predominantly anthropometric clinical expression, where
early diagnosis may improve the course of the disease by
reducing its severity and the risk of complications. These
include coeliac disease, Crohn’s disease, Turner syndrome,
some forms of astrocytoma and growth hormone deficien-
cy, craniopharyngioma, juvenile nephronophthisis, and in-
fantile cystinosis®.

Measurements of body height (length) are more prone to
errors than those of body weight, which is due to the diffi-
culty in measuring the youngest children (the child requires
immobilisation in a certain position), lack of knowledge or
ignoring of the correct measurement technique, as well as
the use of inadequate anthropometric equipment.

In Poland, the measurement of body length at birth is tra-
ditionally performed along the curves of the body using an
anthropometric tape. However, there is quite a lot of free-
dom in the technique; the measurement is usually per-
formed from the top of the head to the foot along the curves
of the body, using an anthropometric tape. This method is
burdened with a large measurement error, among other
things, due to the subjective choice of the point at the top of
the head and the foot surface. Furthermore, it does not al-
low for clinical interpretation of body length at birth: plot-
ting on the World Health Organization (WHO) growth
charts, comparing this parameter with further body length
measurements and, finally, assessing the nutritional status
based on the body mass index (BMI) (a significant percent-
age of Polish newborns would be characterised by malnu-
trition due to their higher body length). Adoption of the
WHO standards in Poland already from the child’s birth
should oblige neonatal units to perform body length mea-
surements the same way as in infants and young children -
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using professional equipment (infantometer) and measur-
ing techniques recommended in WHO protocols®.
Children up to 24 months of age and subjects unable to
stand unassisted are measured in the supine position (body
length) using the infantometer. The measurement is taken
by two professionals from the top of the head (vertex point)
to the plantar surface of the feet perpendicular to the lower
leg, with an accuracy of 1 mm (Fig. 1), as follows:

1. the infantometer is placed on a hard surface (e.g. a table);

2. the child should be arranged in a supine, straightened
position;

3. one person (usually the parent) holds the child’s head
against the stationary part of the infantometer;

4. the other person performs the measurement by gently
straightening the lower limbs (in the hips and knees) and
bringing the movable part of the measuring device to the
child’s feet (the child’s head should be in the Frankfurt
plane, i.e. the upper edges of the external auditory open-
ings and the lower edge of the left orbit should be in one
line perpendicular to the ground);

5. if the child is restless during the measurement and the re-
sult raises doubts, the measurement should be repeated.

Body height measurement is performed in a standing po-

sition, with an accuracy of 1 mm, using a stadiometer

(a precise measuring instrument). According to WHO

standards, the measurement in a standing position should

be performed from 24 months of life (if the measurement
was performed in a standing position before the age of

24 months, then 0.7 cm should be added to the length for

its correct comparison with the WHO standard; similar-

ly, if the measurement was performed in a supine position
after 24 months of life, 0.7 cm should be subtracted from
the result)®©.

Body height measurement is performed from the basis (on

which the subject stands) to the head top (vertex — B-v)?.

The patient should be positioned so that their body is in

a straight line both in the main frontal plane, which divides

the body into anterior and posterior sections, and in the

median sagittal plane, which divides the body into right and
left sides (which is particularly important when, e.g., mea-
suring obese children).

A precise measurement should be performed in the morn-

ing as follows (Fig. 2):

Fig. 1. A scheme of body length measurement in a child in a su-
pine position
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Fig. 2. A scheme of body height measurement in a child in a stand-
ing position

1. the measured participant should be in underwear, with-
out shoes or hair ornaments (hairpins and hair bands
should be removed and the hair should be let loose);

2. the participant is asked to stand with his/her back to
the stadiometer, assuming an anthropometric position:
arms hanging freely along the body, body weight distrib-
uted evenly on both limbs, straightened knees, head po-
sitioned in the Frankfurt plane (the lower edge of the or-
bit and the external auditory opening should be in one
line perpendicular to the ground);

3. the head, shoulders, buttocks, and heels should be touch-
ing closely the stadiometer;

4. the operator performing the measurement lowers the
sliding part of the stadiometer so as it touches the top of
the participant’s head (vertex point) and reads the result;

5. the measurement should be repeated 2-3 times (the
participant takes several steps between measurements),
and if the difference between the measurements is great-
er than 5 mm, additional measurement/measurements
should be performed and the average of the three most
similar measurements should be taken as the result.

In special cases, such as, for example, patients with lower

limb asymmetry® or patients with contractures of the lower

limbs and thoracic asymmetry, specific measurement tech-
niques described in the literature should be used®.

BODY WEIGHT
The technique for measuring body weight is not very dif-

ficult, and weighing patients in their clothes is the most
common mistake. Infants should be weighed naked or,
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optionally, in a dry diaper on a special baby scale with an
accuracy of 0.01 kg. Older children able to stand unassist-
ed are weighed in underwear using a medical scale with an
accuracy of 0.1 kg!'?. It is important that the subject stands
in the centre of the scale so that the body weight is distrib-
uted evenly on both limbs. Patients unable to stand unas-
sisted should be weighed on a chair or bed scale, possibly
with a caregiver on a medical scale (the caregiver’s weight
is then subtracted from the combined weight). Due to fluc-
tuations in body weight during the day, the measurement
should be performed at a relatively constant time, prefera-
bly in the morning.

Individuals after amputation constitute a special group of
patients. Body weight is assessed according to the princi-
ples described above; however, it is worth estimating body
weight taking into account the missing limb to calculate,
for example, BMI. Anthropometric tables developed by
Zatsiorsky et al."" and modified by de Leva?, which in-
clude percentages of the weight of individual body parts,
are very helpful in such cases.

HEAD CIRCUMFERENCE

Despite the increasing availability of radiological imaging
techniques, head circumference still remains an important
measurement. It is still considered a highly useful screening
tool in the diagnosis of neurological, developmental and ge-
netic disorders. Micro- and macrocephaly are an indication
for expanded diagnosis - they occur in over 500 diseases/
syndromes?.

Head circumference should be measured with an anthropo-
metric tape with an accuracy of at least 0.5 cm, through the
frontal protuberances (metopion) and the external occipital
protuberance (opisthocranion)). The measurement meth-
odology used by WHO differs from that adopted in Poland
(measurement just above the eyebrows), which may affect
the measurement result('*).

CHEST CIRCUMFERENCE

In the nineteenth century, chest circumference was consid-
ered the third most important anthropometric measure-
ment after body weight and height"®. Although it is still
present in the currently used child’s medical history record
books, it has not been included in the WHO child growth
standards and there are currently no studies on the role of
this parameter in child’s health assessment. Nevertheless,
chest circumference measurement may be useful in patients
suspected of rare genetic syndromes; therefore, its should
be performed as part of detailed anthropometric measure-
ments performed by anthropologists”'9.

MID-UPPER ARM CIRCUMFERENCE

Mid-upper arm circumference is a parameter allowing for
a relatively accurate assessment of child’s nutritional status
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by the age of 5 years. It is one of indicators recommended by
the American Society for Parenteral and Enteral Nutrition
and the American Dietetic Association to assess undernu-
trition in children. It is particularly useful in children in
whom a reliable measurement of body length/height cannot
be performed (e.g. with quadriplegic cerebral palsy, highly
agitated or autistic), and when body weight is not an ade-
quate indicator of nutritional status (in children with oede-
ma, dehydration).

The measurement is performed transversely at the mid-
length of the arm hanging freely along the body (in the
middle of the distance between the acromion and the olec-
ranon) with an anthropometric tape with an accuracy of
0.5 cm®@.

DETAILED ANTHROPOMETRIC
MEASUREMENTS

Anthropologists who assess the physical development of
children and adolescents perform measurements in ac-
cordance with the international measurement technique.
Somatic measurements (including the length of the low-
er and upper limbs, trunk length, shoulder, hip and chest
width, chest depth, waist, hip, and thigh circumference), as
well as cephalometric measurements of the head and face
(e.g. the length and width of the head, the smallest width of
the forehead, upper and lower width of the face) are most
often used in the clinical practice.

Specialised equipment used only in anthropology laborato-
ries is used to measure body proportions. Measurements of
body and head width are performed using special spread-
ing and sliding calipers. Body proportions of the participant
are standardised according to the mean and standard devia-
tion (SD) of the population. Correct developmental profile
for somatic features includes a range of 0 + 1 SDS (standard
deviation score)®V.

The identified differences in the child’s physique may be
helpful in certain clinical situations, e.g. in the diagnosis of
Turner syndrome, Marfan syndrome, somatotropic hypopi-
tuitarism, bone dysplasia, premature/delayed puberty, and
constitutional delay in growth.

Extended assessment of patient’s nutritional status uses
weight-growth indicators (BMI, Ponderal Index, Rohrer’s
Index, Quetelet’s index, and Cole’s index), skin-fat fold mea-
surements (abdominal, sub-scapular and arm skinfold) as
well as waist circumference measurement, which can help
identify abdominal obesity. In recent years, nationwide
standards for waist circumference®® and skin-fat folds have
been published in Poland®.

GROWTH CHARTS/DEVELOPMENTAL
STANDARDS

The choice of appropriate reference system, i.e. growth
charts, arouses significant controversy in the paediatric
society. Many Polish paediatricians traditionally use the
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Anthropometric

Measurement Age equipment

Comments

0-12/18 months Baby scales

Accuracy 0.01 kg

Weighing capacity 0-15/20 kg

Calibration according to the manufacturer’s instructions
Measurement in a supine or sitting position

Body weight

1.5-18 years Medical scale

Minimal accuracy 0.1 kg

Weighing capacity 150—200 kg

(alibration according to the manufacturer’s instructions
Measurement in a standing position

Infantometer

Body length Liberometer*

0-2 years

Accuracy Tmm
Range 80-100 cm
Measurement in a supine position

Height 2-18 years Stadiometer

Accuracy Tmm
Range 200-220 cm

Stationary (wall-mounted) — calibration according to the manufacturer’s instructions,
recommended maintenance every 35 years, depending on the frequency of use,
in an authorised service station

Portable — must be assembled according to the manufacturer’s instructions (elements
in the correct order), no servicing required

Head circumference

-1
Body circumferences 0-18 years

Anthropometric tape

Accuracy 1mm
Range 150-200 cm

Replacement depending on the frequency of use (at the first signs of wear, such as stretching,
folding)

* Anthropometric equipment used by anthropologists in specialist laboratories to measure body length and proportion in children in a supine position.

Tab. 1. Anthropometric equipment for anthropometric measurements

so-called Warsaw growth charts (IMiD 1999), developed
over 20 years ago®?.

In 2011, a group of experts (paediatricians and anthropol-
ogists) recommended WHO standards for the monitoring
of physical development in children up to 5 years of age,
which reflect the development of children in optimal envi-
ronmental conditions. Nationwide reference body weight,
height and BMI values for children between 3 and 6 years
of age (OLA Project)® were published in Poland in 2013 as
a supplement to the previously published nationwide
growth charts for children aged between 7 and 18 years
(OLAF Project)?.

These percentile charts/growth standards are not compati-
ble with each other - it is not uncommon for a child’s height
assessed based on the WHO charts to fall within the normal
range and, at the same time, to indicate an incorrect growth
variant according to the national references. This is not spe-
cific for Poland as it is discussed in many countries which
growth charts should be used in clinical practice. Although
WHO standards have been adopted by about 150 countries
in recent years, a growing number of European centres indi-
cate that they are suboptimal for the diagnosis of growth de-
ficiency, macro- and microcephaly, as well as for assessing
birth weight, and finally for determining the obesity cut-
off point compared to national growth charts®”. The child’s
medical history record books introduced in January 2016 in-
clude WHO body weight and head circumference standards
for children aged between 0 and 36 months. They are pre-
sented in the form of standard deviations (median + 3 SD)
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rather than percentiles that would be easier to interpret for
paediatricians and parents and comparable to the values
given in the growth charts for children aged 3-18 years.
Furthermore, no body length percentile charts for children
under 3 years of age were included. The lack of reference
for such an important parameter as body length may pre-
vent the diagnosis of growth disorders in infants and small
children.

Reference BMI curves for boys and girls between 3 and 18
years of age have been included in child’s medical history
record books. It may be unclear for those who do not follow
auxological literature why 3 different measures overlap —
percentiles, standard deviations and cut-off points devel-
oped by Cole with a group of experts from the International
Obesity Task Force. The latter biological reference system
has been developed based on the measurements of children
and adolescents in 6 countries (Brazil, UK, Netherlands,
Hong Kong, Singapore and USA), and statistical methods
so as it would be harmonised with the criteria for nutri-
tional disorders in adults®. Unfortunately, BMI percentile
charts presented in this way are unclear and unreadable for
the average user, and indicate the need to develop a con-
sensus on how to define nutritional disorders in children.
Controversies are also raised by the use of growth charts
in premature infants — Polish growth charts developed
25 years ago are still used occasionally; however, two stan-
dards are currently used in practice to assess premature in-
fants: Fenton growth charts®” (recommended by the Polish
Neonatal Society) and Intergrowth-21 charts, which are
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constructed similar to WHO standards for term infants®?.
It seems that the latter charts should be used as the standard
of choice due to their greater representativeness and com-
pliance with WHO growth charts.

There are also available growth charts (usually for body
height) for various genetic syndromes and conditions,
which allow for an assessment of a child with a specific dis-
ease compared to other children with the same diagnosis.
These charts are not as representative as the growth stan-
dards for healthy children due to methodological limita-
tions (often a small number of measurements, inclusion
of children with other comorbidities, imperfect statistical
methods, no description of the methodology used); there-
fore, they should not be treated as a standard, but only as
a reference.

ANTHROPOMETRIC EQUIPMENT

Reliable and accurate anthropometric measurements are
impossible without proper equipment. In recent years, the
old and, often, decalibrated scales have been replaced by
precise electronic equipment. Unfortunately, tools that
do not guarantee reliability, such as tapes, height measur-
ing posters to be attached to the wall, measuring devic-
es attached to scales, are still used for body length/height
measurements. Errors in anthropometric measurements
are unavoidable for obvious reasons. Therefore, special
attention should be paid to every aspect of data collec-
tion and analysis. Providing appropriate anthropometric
equipment, technically efficient and calibrated in accor-
dance with the manufacturer’s instructions, is as impor-
tant as measuring patients according to the current pro-
tocols (Tab. 1).

CONCLUSIONS

It would be a truism to say that many important diagnostic
and therapeutic decisions are made based on anthropomet-
ric measurements, and reliable measurements are an indis-
pensable mainstay of good practice. However, it should be
remembered that long-term monitoring is only one of many
methods for assessing child’s health. The results of anthro-
pometric measurements should not be taken for granted,
but should be analysed in the context of a thorough phys-
ical examination and medical history, dietary assessment
and, optionally, laboratory tests, especially in cases of ex-
ceeded reference values.

For obvious reasons, we do not claim the right to formu-
late any recommendations. However, we encourage organ-
isation and standardisation of practices related to an auxo-
logical assessment of a child. We believe that it is necessary
to resume discussion among the representatives of all sci-
entific associations dealing with child’s health on the devel-
opment of standards for anthropometric measurements un-
der the patronage of the National Consultant in the field of
Paediatrics and the Polish Society of Anthropology.
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We are also aware that even the most reliable measurement
protocols established in accordance with the latest research
will remain only paper proclamations without the joint effort
of all those involved in child health care. Overcoming rou-
tine, changing habits, awareness of the importance of reliable
measurements, and, finally, education and supervision over
operators performing these measurement are necessary for
the effective implementation of all recommendations.
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