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Head circumference measurement

INTRODUCTION

Child growth is a dynamic, continuous, crucial process influencing physical,
cognitive, and emotional development. It is one of the main indicators of
health in childhood, influenced by a combination of intrinsic factors (e.g.,
genetic potential and hormone production) and extrinsic factors (e.g., nutrition,
protection against diseases, and adequate sleep)’.

Therefore, it is essential to monitor growth systematically. The most
appropriate method is to record data such as head circumference (HC), weight,
height, and body mass index (BMI) periodically on the Personal Child Health
Record’s growth charts. The measures marked on the charts show the child’s
development over time and identify possible deviations, allowing them to be
addressed and treated early’.

In this context, the HC-for-age anthropometric indicator stands out as a
logical and accurate measure to assess the risk of neurodevelopmental delays in
children®.It can also be used for developmental screening assessments at individual
and population levels, especially when performance-based tests are not feasible®.

Thus, it is essential to monitor HC because it is directly related to the speed
of brain growth, helping to diagnose developmental changes in combination
with medical history surveys and physical examinations’. Moreover, correct
measurements may provide more accurate risks of neurodevelopmental delays
in young children®.

Although the importance of accurate HC measurement is recognized,
professionals often use different measuring tape types and models, many of which
are not specific to health use. It is essential to compare measuring tapes, as small
differences can influence the diagnosis of conditions such as micro or macrocephaly
and affect the identification of child developmental delays. Measurement errors
can result in further costs for additional tests and stress families®. Ensuring more
accurate measurements can prevent incorrect diagnoses and avoid unnecessary
consequences, such as exposure to radiological exams’. Hence, this study aimed
to determine the accuracy of measuring tapes and HC measurements.

METHODS

This quantitative observational study is linked to an anchor project entitled,
“Qualification of multidisciplinary health monitoring regarding child growth
and development in the central region of Rio Grande do Sul, Brazil”, approved
by the Research Ethics Committee under evaluation report 4.364.999.

The study was organized in stages, as follows: acquiring three measuring
tapes of four different models and brands; analyzing the tapes’ accuracy in a
technical laboratory; inviting and qualifying volunteers for HC anthropometry;
and taking HC measurements.

The accuracy of the three measuring tapes of each brand and model was
analyzed by comparing the metrics in millimeters and centimeters with a
standard caliper. The study did not use thin steel tapes because, despite being
inextensible, they may not be safe for measuring newborns’ HC.

The tapes were analyzed in a biomedical engineering laboratory with
controlled temperature and humidity, where they remained for 24 hours to
avoid expansion or contraction errors. Each tape was measured 10 times, five
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Head circumference measurement

in the 0-15 cm range (Q1) and five in the 45-60 cm range (Q3), ensuring
greater standardization.

After the measurements, the researchers calculated the average per tape
and between tapes of the same type. The same operator used a calibrated
digital caliper for the measurements throughout the study. The technical error
of measurement (TEM) was calculated per tape to compare measurements.
The true value (T'V), obtained with the calibrated caliper, was the parameter
for comparing the tapes.

The method of differences obtained the tapes" TEM, expressed by the standard
deviation between the TV and the measurements per tape.

The calculation can be described as follows®:
1+t stage: Calculating the mean measurement per tape for Q1 and Q3, and

then the difference between the TV and the mean per quadrant. This value

is the mean deviation of the measurement per quadrant.
2nd stage: Squaring the mean deviation values of the measurement.
34 stage: Applying Equation 1 using the values obtained in the second stage.

2
TEMq(absolute)= xd; (1)
2n

Inwhich: £¢? = sum of the mean squared deviations of the measurement; n = number
of measurements taken per quadrant; i = number of deviations.

4 stage: Calculating the relative TEM based on the absolute, using Equation 2.

TEMq(relative)= :f;/g x100 )

In which: TEMq = Absolute technical error of measurement per quadrant, per
tape; MV'Tq = Mean value of measurements per quadrant, per tape.

After comparing the tape metrics, the authors taught a 4-hour training
workshop for volunteers from undergraduate health programs at a higher
education institution. It covered the importance of measuring HC as a marker
of child growth and development, measurement accuracy and standardization,
and HC assessment and diagnosis using the curves in the Personal Child Health
Record’. The training aimed to standardize HC measurements, following the
recommendations of the Brazilian Food and Nutrition Surveillance System
(SISVAN)™,

After the training workshop, participants were invited to sign an informed
consent form and take anthropometric measures on a training mannequin. They
measured the mannequin’s HC using four different measuring tape models and
brands (Figure 1). Participants took measures in triplicate and individually to
avoid interference from another evaluator during the measurements.

The volunteer evaluators recorded the measurements on a form prepared
by the authors, containing information on gender, undergraduate program,
triplicate measurements with each of the four tapes, level of difficulty to measure
(on a Likert scale ranging from 0 to 5, where five was the most difficult), and
observations on handling the tapes. An experienced professional specialized in
the field also measured the mannequin’s HC — these measurements were used
as the standard to evaluate the results.
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Head circumference measurement

Figure 1. Examples of measuring tapes used to analyze their accuracy and measure the head circumference (HC).
Note. Tape 1 (Flexible measuring tapes), 2 (Brazilian HC measuring tape), 3 (telescopic body measuring
tape), and 4 (European HC measuring tape).

The method of differences was used to obtain the evaluators" TEM, expressed
by the standard deviation between the volunteers’ measurements and the
evaluator’s standard value. The calculation is described as follows®:
1+t stage: Calculating the mean measurement per tape per participant,and then

the difference between the mean value per tape and the evaluator’s standard

value, resulting in the mean deviation of the measurement per participant.
2nd stage: Squaring the mean deviations of the measurement.
34 stage: Applying Equation 3 based on the values obtained in the second stage.

2

TEM (absolute)z 2;2 (3)

In which: 54> = sum of the mean squared deviations of the measurement;

n = number of study volunteers; i = number of deviations.

4" stage: Calculating the relative TEM based on the absolute TEM, using
Equation 4. This calculation considered the participants’mean measurement
per tape, corresponding to the mean measurement of the 25 participants
with tapes 1,2, 3, and 4.

TEM (relative)= TEM x100 (4)
MVT
In which: TEM = Technical error of the measurement; MVT = Mean value of
participants’ measurements per tape.

The researchers performed descriptive statistics and calculated the content
value index (CVI) to express the response data regarding tape usability'’. For
the CVI, responses with values of “4”and “5” per tape were counted and divided
by the total number of respondents. This calculation assessed the number of
responses expressing difficulty in using the tapes.

Analysis of variance (ANOVA) compared quantitative variables with
symmetrical distribution, completed with Tukey’s post-hoc test. The analyses
were performed using Origin software.
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RESULTS

The researchers initially analyzed the measurement accuracy and quality
control dimension with the tapes"TEM in the biomedical engineering laboratory.
Figure 2 shows the percentages — tape 3 had the highest TEM percentage,
tollowed by tape 1.

After analyzing the tapes, the volunteers — 25 students participating in this stage,
7 (28%) males and 18 (72%) females — took measures on a training mannequin.
The participants were from undergraduate health programs — 12 (48%) from
Medicine, eight (32%) from Nursing, and 5 (20%) from Nutrition.
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Figure 2. Percentage of the tapes’ technical error of measurement according to their quadrants.
Note. TEM, technical error of measurement; Q1, quadrant 1; Q3, quadrant 3.

Figure 3 shows the variation in the evaluators'measurements, with a statistically
significant difference between the means of tapes 3 and 4 (p > 0.05) — i.e.,
there was a difference of 2.10% between them. When comparing the TEM
percentages of the evaluators’ measurements with the standard evaluator (i.e.,
the accuracy in taking and retaking anthropometric measures), the highest
percentages were obtained in tapes 1 and 3.
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Figure 3. Evaluators’ mean head circumference measurement (A) and the percentage of the evaluators’
technical error of measurement compared to the standard measurement (B).
Note. Analysis of variance (ANOVA), Tukey post hoc. *p < 0.05.
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The analysis of the level of difficulty to measure (on a scale from 0 to 5, in
which 5 was the most difficult) showed that tape 3 had the highest score in the
difficulty level classification by both the mean value and the CVI. The results
are shown in Figure 4.

Furthermore, volunteers could write observations on tape handling. The
responses were categorized into handling indications and model indicators.
There was a higher frequency of responses indicating ease in handling tapes 4
and 1 and difficulty in reading tape 3. Regarding the model indicators, tape 1
was considered too long, and tape 3 was difficult to fit.
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Figure 4. Presentation of the average responses regarding the level of difficulty in measuring head
circumference with each of the tapes.
Note. CVI, content value index.

DISCUSSION

This study selected different types of measuring tapes, considering their
material and design, to analyze their measurement accuracy and quality control
dimension. Tape 3 had the highest TEM percentage, followed by tape 1. The
tapes analyzed are commonly used in healthcare settings and are known to
directly impact the diagnosis of diseases. According to RDC no. 546, the
characteristics and performance of healthcare products must not compromise
the patients’and consumers’ clinical condition and safety'.

Studies on the accuracy and quality control dimension of tapes are scarce.
Thakkar et al.”® compared the measurement accuracy of extensible and
inextensible tapes in 35 and 50-cm squares. The research was conducted in
a hospital in India, and the measurements were performed on children aged
1 month to 5 years. After the analyses, the authors found no difference between
measurements using new tapes. However, after using the tapes for 4 months
and from 5 to 8 months, they detected differences of 0.1 to 0.4 cm and 0.5 to
1.0 cm, respectively, according to the months of use.

The present study analyzed tapes commonly used by pediatric health
professionals, but the length of the tape was not an exclusion criterion, although
Devakumar et al.* recommended using non-stretchable tapes for robust measures.
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This decision was considered because the recommended non-stretchable
anthropometric tapes are often made of metal, which could injure newborns.

In the study by Conkle et al.”, the authors used data from the Body Imaging
for Nutritional Assessment Study (BINA) and compared a 3D imaging system
with non-digital manual measurements. This study makes recommendations on
the elasticity of measuring tapes, which can introduce significant errors in HC
measurements, resulting in inconsistent and inaccurate readings. They also highlight
that overly stretched tapes often underestimate the true HC, while loose tapes can
overestimate it. Corroborating the authors, a cross-sectional study conducted in
the United Kingdom showed that measuring with a tight or loose tape can induce
a difference of 0.4 standard deviations (or 0.4-0.5 cm)"®. To mitigate this problem,
they recommend using non-elastic tapes with greater stability and accuracy.

Therefore, it is essential to evaluate not only the tape types but also the
measurement technique — i.e., the measurement position, tension, and reading.
For this reason, the volunteers from the health programs participated in a
qualification workshop to improve the quality of the measurements collected.
Nonetheless, the measurements with tapes 3 and 4 varied, even though the
variability in cranial anatomies was minimized by using a training mannequin.

Another aspect to be highlighted is the systematization of the correct and
standardized HC measurement. The study found a significant difference between
the standard and the volunteers’ measurements. Conkle et al.'* emphasize the
importance of specific training and procedure manuals to minimize technical
errors in anthropometric measures.

Furthermore, taking repeated measures and providing real-time feedback
are effective strategies for increasing measurement accuracy and reliability.
These practices not only improve the quality of the data collected but also help
identify and correct discrepancies, contributing to consistency and accuracy in
child growth assessments. Implementing these approaches is crucial to ensuring
that measurements are performed consistently and accurately, facilitating more
reliable clinical diagnoses and interventions®.

The difference between measures taken by different evaluators stands out,
even after qualification. Conkle et al.”® add that manual measurements are
susceptible to human error, as there is still a gap in training and awareness of
teams on how to take HC measures correctly”. The results indicate that, despite
their training, factors such as inconsistency between evaluators, external time
pressures, and fatigue can lead to errors. Additionally, the use of 3D technology
proved to be more consistent, highlighting the need for investments in precision
technologies and the importance of continuous reviews in the qualification of
professionals who take manual measurements.

One way to ensure accuracy is to check the differences between evaluators.
In this sense, Thakkar et al.”® point out that a variation in measurements greater
than or equal to 0.5 cm between evaluators should not be clinically accepted.
The authors reinforce the importance of accurate measures since deviations above
this value can compromise the reliability of the results and negatively impact the
diagnosis and clinical treatment. However, another study that evaluated pediatric
patients using new and used tapes found an inter-observer variability above 1 cm
in 9% of the measurements'.

Regarding the evaluators’ difficulty in handling the different tapes, it was
observed that tape 3 had the worst evaluation with both the mean value and
the CVI. The main difficulty described was in reading the measurement.
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Similar findings were highlighted by Sicotte et al.’¥, who mentioned difficulties
in using anthropometric tapes, especially in large-scale studies or those performed
by inexperienced individuals. Measures such as circumferences and skinfolds
often present reliability problems due to the subjective application and reading
of values. The lack of standardization, continuous training of observers, and
variations in the participants’ physical state (e.g., hydration and nutrition)
aggravate the problem. Moreover, differences in equipment, such as variations
between calipers of the same brand, can compromise accuracy. In contexts with
limited resources, these challenges are amplified by the difficulty of maintaining
adequate training and constant supervision.

It is also necessary to consider the diagnosis based on HC measurements.
The measurements reported in the Brisa-RP and Intergrowth-21st cohorts were
assessed and compared, identifying a parallel trajectory between them in the 3¢
percentile, up to 40 weeks of gestational age. However, preterm newborns had a
variation greater than 1 cm with the Brisa-RP reference, which may influence
an overestimation of microcephaly™.

This study is one of the few that analyzed the accuracy and quality control
dimension of tape measures used to measure HC. Its main limitations include
the lack of studies indicating the main tape measures used to measure HC;
hence, it selected tape measures based on market availability and the researchers’
experience. Moreover, there is a lack of research on the correct HC measurement
and TEM. Despite being a marker of child development related to the child’s
cognition and physiology, this measurement does not receive the same importance
given to more common measures such as weight and height.

CONCLUSION

Thus, it is necessary to standardize measuring tapes for correct HC
measurements. They should also be made of non-stretchable material to reduce
possible TEM, and their time of use must be respected to avoid deformity.
Likewise, the measurement must be standardized to monitor the child’s growth,
and professionals need constant qualification, as various professionals monitor
children throughout their development. Well-trained ones can guarantee standard
and accurate measurements for adequate multidisciplinary monitoring recorded

in the Personal Child Health Record.
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