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A B S T R A C T

Anthropometric measurements, including height and length, are routinely needed for health re-
search worldwide. Measurement boards are the current gold standard for obtaining the height and
length of children. In community-based research, however, the size and weight of the measurement
boards make them difficult and cumbersome to carry in the field. In addition, children and infants
may express an unwillingness to be placed onto the measurement board. Electronic measuring tools
commonly used in industry and contracting work are precise and portable. This study piloted a
protocol to use an adapted laser measurement tool, the anthropometric measurement assist (AMA),
to obtain height and recumbent length in children in Western Kenya. Intra- and inter-observer vari-
ability were determined and compared with measurement board measurements. Results of this ini-
tial pilot indicated that the AMA may be a viable alternative to measurement boards. The AMA can
measure height/length accurately and reliably, is portable and is equivalent in price to measuring
boards, making it a viable option for fieldwork in low-resourced countries.

K E Y W O R D S : anthropometry, body composition, children, height measurement, length
measurement

I N T R O D U C T I O N
Anthropometric measurements are a standard aspect
of health research indicating both individual- and
community-level well-being [1, 2]. Obtaining accurate
and reproducible measurements, however, can prove

difficult [3–10]. While advances have been made to
minimize error when weighing subjects, e.g. improved
seats for spring scales, digital and self-zeroing mechan-
isms, minimal advancements have been made for
height/length measuring tools [10, 11]. For >30 years,
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the standard for capturing height/length has been
measurement boards. Weighing �12.5 pounds and
�2.5 feet in length, measurement boards are relatively
large, difficult to carry and prone to parallax [12, 13].
Alternative measurement tools that are lighter and
more easily packable and provide accurate and repro-
ducible results are needed. Laser measuring technology
may be one viable alternative. We compared measure-
ments of children’s height/length from a standard
measuring board with a laser-based measurement tool
designed by our team.

M E T H O D S
The pilot study took place from July–August 2014 in
Kenya as part of a malaria research study.

Participants, aged 1 month to 8 years, were re-
cruited from an elementary school or clinic.
Schoolmasters and parents granted permission for
the study. The University of Arizona Institutional
Review Committee and the Kenyan Medical
Research Institute approved the study.

Data Collection
The anthropometric measurement assist (AMA) de-
sign includes a Leica Disto D2 distance meter (bat-
tery operated), measuring range 0.05–60 m and
accuracy 6 0.06 cm, and a hinge locks at 90� head-
piece to act as a surface to reflect the laser (Fig. 2).

Height was measured for children >2 years of age
by placing the headpiece atop and behind the child’s
head. The laser was placed 3–4 inches in front of the
participant’s feet. Length was measured for children
<2 years of age by placing the headpiece on top and
side of the child’s head creating a 90

�
angle. Child

was adjusted for Frankfort plane, with feet placed to-
gether and flat on the ground. Measurements for re-
cumbent and standing were taken by targeting the
laser’s beam near feet to headpiece for head-to-heel
measurement (Fig. 3). The measurement board used
was a Shorr BoardVR

[1]. Pairs of trained individuals
were used to conduct measurements for both instru-
ments to ensure correct positioning and recording of
the height/length [1].

To assess accuracy, children < 8 years (n¼ 62) of
age were measured once using both instruments. To
minimize bias toward similarity, the AMA measured
in imperial units, while the measuring board used

metric units, and tool sequence varied. Descriptive
statistics, two-sample t-tests with equal variance,
Pearson’s r, Bland–Altman plots and corresponding
statistics and Lin’s (overall) concordance correlation
coefficients (OCCCs) were calculated to determine
differences between the two instruments with the
measuring board treated as ‘gold standard’. Finally, a
linear mixed model was used to assess if the type of
tool was associated with height measurement after
adjusting for age of child, sex of child, personnel con-
ducting the measurement and day the measurement
took place.

To evaluate reproducibility of measurements,
study staff (n¼ 6) was trained on the use of both
tools. Then, children (n¼ 15) from a participating
school were recruited and assigned identification
numbers to maintain anonymity. Over 3 days, each
field assistant measured each child three times with
both tools. Lin’s overall OCCCs were calculated for
intra- and inter-rater reliability.

R E S U L T S
The mean age of participants was 50 months and
height/length was 48 m. Recumbent length was
measured in the 15 children <2 years of age, and
standing height was measured in 62 children
�2 years of age.

We found no statistically significant difference in
accuracy for the mean height/length measurements
between instruments; however, AMA slightly under-
estimated height/length with mean difference of
0.003 6 0.004 m standard error (Table 1). The vari-
ance between AMA measurements was 0.05 m and
that for measurement board was 0.05 m; therefore, a
two-sample t-test with equal variance was used. The
model showed t-statistic value of �0.07 and p-value
of 0.94. One outlier was documented possibly be-
cause of a child’s movement or a recording error.
The Pearson’s r for only recumbent length between
AMA and measurement board was 0.98. The
Pearson’s r for only standing height between AMA
and measurement board was 0.99. A Bland–Altman
assessment for agreement indicated that measure-
ments fall within the acceptable limits of agreement
�0.033 to 0.028 (Fig. 1). To determine the differ-
ence between tools, a Lin’s OCCC for validity was
carried out. The strength of agreement between the
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tools was substantial with a RhoC of 0.998 (95%
confidence interval 0.996–0.999) (Table 2).

The linear mixed model analysis produced similar
results for reproducibility showing no difference be-
tween height/length taken with the measurement
board and the AMA after accounting for the correlation
between the measurements made by the same person-
nel across 3 days (p¼ 0.27). To determine the differ-
ence between tools, an overall OCCC for validity was
carried out for each of the measurement methods
across the six observers. For AMA, the OCCC¼ 0.948

(95% confidence interval 0.910, 0.975), overall preci-
sion¼ 0.956 and overall accuracy¼ 0.992. For the
measurement board OCCC¼ 0.955 (95% confidence
interval 0.733, 0.995), overall precision¼ 0.961 and
overall accuracy¼ 0.993 (Table 2).

Fig. 1. Bland–Altman plot.

Table 1. Average measurement differences by sex and age group for accuracy measurement pilot

Groups (n) Measurement board (m) X 6 1 SD AMA laser (m) X 6 1 SD Mean difference (m)

Total (62) 0.978 6 0.225 0.975 6 0.221 0.003 6 0.004
Girls (31) 0.997 6 0.210 0.993 6 0.207 0.004 6 0.003
Boys (31) 0.959 6 0.245 0.957 6 0.236 0.002 6 0.009
2–8-year-olds (height) (45) 1.101 6 0.096 1.096 6 0.091 0.005 6 0.005
<2-year-olds (length) (17) 0.651 6 0.123 0.656 6 0.120 �0.005 6 0.003

Table 2. Correlation statistics between tools by different users

Measurement Measuring board Laser measurer (AMA)

Bland–Altman �0.018 to 0.004 (95% limits of agreement)
Lin’s RhoC 0.983 (0.996, 0.999)
OCCC 0.955 (0.733, 0.995) 0.948 (0.910, 0.975)
Overall precision 0.961 0.956
Overall accuracy 0.993 0.992

Fig. 2. Rendering of AMA.
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D I S C U S S I O N
The AMA design proposed may be a lightweight,
highly portable alternative to the current measuring
board standard (Table 3). Even with the most rudi-
mentary headpiece design and commercially available
laser distance meter, individuals with a day-long train-
ing were able to record accurate and reproducible
measurements. Though small and statistically insig-
nificant, AMA measures height/length slightly under

the measurement board measurements. If the consist-
ency of the under-measurement is demonstrated in
follow-up studies, it could be added as a simple offset
to the laser measurements. During the pilot phase, we
identified several potential improvements to the de-
sign’s durability and accuracy including mounting a
bubble level to the headpiece and using weather-
durable plastic at a standard right angle.

Limitations
Personnel had previously used measurement boards
to record height/length in previous research but had
not used AMA previously. Therefore, our estimates
of error for the AMA may be over-estimated.

Conclusion
Overall, AMA was accurate and reproducible for
measuring height/length. With further validation and
testing, this tool could be an alternative to current
measuring methods and ideal for fieldwork in
limited-resourced countries.

S U P P L E M E N T A R Y D A T A
Supplementary data are available at Journal of Tropical
Pediatrics online.
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Table 3. Comparison of AMA and measurement boards based on ease of use and cost

Factors Measurement boardsa Laser measurer (AMA)

Cost >$100–400 $179
Weight 4082.33 g 100 g
Dimensions 13�20 inchb Headpiece: 1�14 inch

Leica meter: 4.4�1.7�0.90 inch
Digital reading No Yes

Note:
aThe range for the cost of measurement boards varies, and not all models have been tested for accuracy in practice.
bWhen the board is folded for transport.

Fig. 3. Investigators using AMA with young girl.

Brief Report � 149

Deleted Text: -


Zuckerman College of Public Health. Also, special thanks to
Menno Smit, Matt Sammons and Elise Zimmerman.

F U N D I N G
This research was supported by the National Institutes of
Health–National Institute of Allergy and Infectious Diseases
[grant number R15-AI100118-01].

R E F E R E N C E S
1. De Onis M, Onyango AW, Borghi E, et al. Comparison of

the World Health Organization (WHO) Child Growth
Standards and the National Center for Health Statistics/
WHO international growth reference: implications for child
health programmes. Public Health Nutr 2006;9:942–7.

2. Brozek J. (ed). Body Measurements and Human
Nutrition. Detroit: Wayne State University Press, 1956.

3. Sicotte M, Ledoux M, Zunzunegui MV, et al. Reliability of
anthropometric measures in a longitudinal cohort of pa-
tients initiating ART in West Africa. BMC Med Res
Methodol 2010;10:102.

4. Habicht JP, Yarbrough C, Martorell R. Anthropometric
field methods: criteria for selection. In: Nutrition and
Growth. New York, NY: Plenum Press, 1979.

5. Heymsfield S, McManus CB, Wright RA. (eds). Nutritional
Assessments. Boston: Blackwell Scientific Publications, 1984.

6. Pederson D, Gore C. Anthropometry measurement error.
In: Anthropometrica. Sydney: UNSW Press, 1996.

7. Mueller WH, Martorell R. Reliability and accuracy of
measurement. In: Anthropometric Standardization
Reference Manual, 1988, 83–6.

8. Ulijaszek SJ, Kerr DA. Anthropometric measurement error
and the assessment of nutritional status. Br J Nutr
1999;82:165–77.

9. Schrade L, Scheffler C. Assessing the applicability of the digital
laser rangefinder GLM ProfessionalVR Bosch 250 VF for an-
thropometric field studies. Anthropolo Anz 2013;70:137–45.

10. Muramoto ML. Improved pediatric weighing device for use
with portable hanging scales. J Trop Pediatr 2000;46:117–18.

11. Nguefack-Tsague G, Tanya Nguti Kien A, Ntungwen
Fokunang C. Using weight-for-age for predicting wasted
children in Cameroon. Pan Afr Med J 2013;14:96.

12. Onis M, Onyango AW, den Broeck JV, et al. Measurement
and standardization protocols for anthropometry used in
the construction of a new international growth reference.
Food Nutr Bull 2004;25:27–36.

13. Onis M. Reliability of anthropometric measurements in
the WHO Multicentre Growth Reference Study. Acta
Paediatrica 2006;95:38–46.

150 � Brief Report


	fmx046-TF1
	fmx046-TF2
	fmx046-TF3

