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Abstract 

In 2011 we published a study on how to
detect the threshold for malnutrition in chil-
dren, simply using their own hands and with-
out any technical tool. The fight against mal-
nutrition can only be reached when its meas-
urements involve every single child, almost
continuously, in the affected villages. In this
paper we try to show that, thanks to our
method, it is possible to use mid-upper-arm-
circumference as a measurement for malnu-
trition in children, discriminating between
severe and moderate malnutrition and pro-
viding the basis for the decision on whether
to admit a child to a nutritional rehabilitation
unit or not. We trained 63 participants in four
groups (Group 1: doctors and clinical officers;
Group 2: nurses and students; as Group 3 we
defined the 20 best participants and Group 4
consisted of 10 more intensely trained partic-
ipants) to measure the circumference of 9
different artificial arms (between 9 and 13
cm) using their own fingers and hands. The
training was short and consisted of an intro-
duction of 5 min, a first training phase of 10-
15 min, a test, the critical discussion of the
results, a second training phase of 5 min and
a final test. We found that 95.3% of partici-
pants in the general group and 97.9% in the
intensely trained group have identified the
severely malnourished child; 87.3% in the
general group and 91.9% in the intensely
trained group have additionally identified the
moderately malnourished child. Both groups
haven’t admitted the well nourished child to
a therapeutic feeding program retaining
their resources. The third group reached
without any additional training the results in
the above categories. A subsequent discus-
sion with the participants on the influence of
procurement, maintenance and pricing of
our tool, found our method much less vulner-
able than others. We conclude that this
method should be considered as a future
training in the villages to detect the trend
towards malnutrition early enough.

Introduction

Malnutrition still is one of the most important
risk factors of childhood mortality in developing
countries.1 This is recognized through the
Millennium Development Goals (MDG), which
aim at reducing underweight in children (in
MDG 1)2 and childhood mortality (in MDG 4).3

Prevalence of malnutrition can be estimated
by several indices involving height, weight or
mid-upper-arm-circumference (MUAC). Such
anthropometric measurements in rural com-
munities of developing countries are impor-
tant to reach the most vulnerable groups with
health interventions.4

To reach these goals it is not enough to
measure MUAC when children come to the
health centers (because families often do not
combine illnesses with malnutrition). For a
sustainable impact on children in the villages
it is necessary to measure the children�s nutri-
tional status directly in the villages almost con-
tinuously (e.g. weekly), which only can be done
by the mothers. This measurement needs to be
as low-tech as possible. 

Mogeni et al.5 showed that pure eyesight is not
enough to determine whether a child is malnour-
ished or not. For correct measurements of height
measuring boards are needed, for weight scales
and for MUAC tapes. Any technical measurement
carries the danger that it falls prey to damage,
procurement or maintenance. We searched for a
way to eliminate these challenges. 

In 2011 we published three articles showing
that a variety of professionals and laymen can
decide through a threshold decision whether a
child is malnourished or not by applying a
semi-quantitative measurement of MUAC with
their own fingers.6-8

Today we try to show that it is possible to dis-
criminate almost exactly the circumference
with your own fingers. This is necessary to
answer different questions in malnutrition.
Several parameters are important: the defini-
tion of severe and moderate acute malnutrition,
admission and discharge in different nutrition-
al rehabilitation programs,5,9,10 the change of
guidelines,3,11 and the incorporation of younger
or older children in these programs.12-14

Objective
To provide first evidence that it is possible

to measure MUAC for children between 6 and
60 months with their own fingers accurately
enough to provide the basis for the decision
to admit a child to a nutritional rehabilitation
unit. 

Materials and Methods 

In order not to disturb sick children with

repeated measurements, we designed artificial
mid upper arms from metal and plastic in nine
different sizes. The smallest with a circumfer-
ence of 9 cm, the largest with 13 cm (incre-
mental steps of 5 mm and a triplication of the
11 cm size, Figure 1). 

The 63 participants, randomly taken from
health care providers of our hospital, were
taught in groups of 1-4. The participants where
divided into two subgroups. The clinicians
(group 1), as they are called in Malawi (doc-
tors and clinical officers) and the non-clini-
cians (group 2: nurses, students etc.). As group
3 we defined the 20 best participants.

All received a 5 min introductory talk, where
we suggested ways on how to use the crests of
the fingers, the fingernails or other landmarks
to remember different sizes of the artificial
arms. The participants then were allowed for
10-15 min to train with the artificial arms to
find their own, personal way to identify the nine
different circumferences. After this the first test
followed. In this tests all nine sizes and addi-
tional two size eleven arms were shown at ran-
dom to the participant. The results were than
discussed with the groups, questions answered
and feedback or hints given on how to avoid
misjudgment. This was followed by a further
free training for 5 more min. Then the second
and final test took place in the same way with
unmarked artificial arms.

We defined severe malnutrition and the
admission to a therapeutic feeding program
with a MUAC of 11.5 cm,11 moderate malnu-
trition and the admission to a supplementary
feeding program with >11.5, but 12.5 cm,3,10
and a well-nourished child with 13 cm

Pediatric Reports 2014; volume 6:5368

Correspondence: Gregor Pollach, Department of
Anesthesia and Intensive Care, University of
Malawi, Blantyre, Malawi.
Tel.: +265.999.289.570.
E-mail: gipi.bc62@yahoo.de

Key words: mid-upper-arm-circumference, anthro-
pometric measurement with fingers, pediatrics,
villages, Malawi. 

Contributions: the authors contributed equally.

Conflict of interests: the authors declare no
potential conflict of interests.

Received for publication: 24 February 2014.
Accepted for publication: 11 March 2014.

This work is licensed under a Creative Commons
Attribution NonCommercial 3.0 License (CC BY-
NC 3.0).

©Copyright G. Pollach et al., 2014
Licensee PAGEPress, Italy
Pediatric Reports 2014; 6:5368
doi:10.4081/pr.2014.5368



[page 34] [Pediatric Reports 2014; 6:5368]

MUAC.3,10 The results were judged whether
they are adequate and only secondarily
whether they are absolute correct by numbers.
Adequate meant that a result would have pro-
vided a child with the necessary therapeutic
procedure (e.g. the therapeutic feeding pro-
gram) even when it would not have been
absolutely correct (e.g. when a child with a
MUAC of 11.5 would have been rated as 11. It
would still be admitted to the right program. 

After the tests a second group of ten was
chosen randomly from the participants for an
intensified training (group 4). This group was
trained individually until 90 min or until par-
ticipants showed no dedication to proceed.
Depending on the individual participant they
had 1-7 additional tests done. 

In non structured discussions with our par-
ticipants we discussed whether our method
might be vulnerable to influences like loss,
maintenance, procurement, corruption,
bureaucracy and misappropriation. 

Results

Severe malnutrition and the
admission to a therapeutic
feeding program

Nine-hundred and sixty-six of 1007 applica-
ble decisions (95.3%) in the general group
(Groups 1 and 2) were adequate (as defined
before) and would have identified the severely
malnourished child. 

Overall (tests 1 and 2) the four groups
reached 95.9% (G1), 95.8% (G2), 97.8% (G3)
and 97.9% (G4). A deterioration was seen in
the second test (after training) from 96% to
95.8% (−0.2%). The group of clinicians, com-
prising 39 participants, (group 1) deteriorated
from 96.3% adequate decisions (not missing
the severely malnourished child) to 95.5%
(−0.9%). The group of non-clinicians (group
2) with 24 participants improved from 95.3% to
95.8% adequate decisions (+1.04%). The
group of the best 20 participants enhanced
their performance from 96.8% adequate deci-
sions to 98.75% (+1.92%). The group of inten-
sively trained participants reached 97.9% ade-
quate decisions. For the most severely mal-
nourished group of children with an MUAC
11 cm the results for the identified children

were: (G1: 98.8%, G2: 99.3%, G3: 100%, G4:
100%). For a MUAC of 10.5 cm: (G1: 100%,
G2: 99.6%, G3: 100%, G4: 100%). 

Moderate malnutrition and the
admission to a supplementary
feeding program 

Two-hundred and seventeen of 249 applica-
ble decisions (87.3%) in the general group
would have identified (additionally to the
severely malnourished child) the moderately
malnourished child. Overall (test 1 and 2) the
four groups reached 84.3% (G1), 91.6% (G2),
91.98% (G3) and 93.6% (G4) and an improve-
ment was seen in the second test (after train-
ing) from 84.9% to 89.7% (+5.68%).

The group of clinicians (group 1) improved
from 75.6 (%) adequate decisions (not missing

the moderately malnourished child) to 88%
(+12.4%). The group of non-clinicians (group
2) had 91.7% adequate decisions in both tests
(±0%). The group of the best 20 (group 3)
enhanced their performance from 90% ade-
quate decisions 97.4% (+7.4%). The group of
intensively trained participants (group 4)
reached 91.9%.

Resources
All 1331 applicable decisions in the normal

groups and in the intensively trained group
(100%) would not have admitted the well-nour-
ished child to a therapeutic feeding program.
In 40 of 335 applicable decisions in the gener-
al groups and in the intensively trained group
(11.9%) a well-nourished child would have
been admitted to a supplementary feeding pro-
gram despite being well nourished. 

General measurements and experiences
Overall 54.5% of the 1372 applicable deci-

sions in the general group were taken exactly
(Test 1: 51.1%, Test 2: 58.1%; improvement:
7%). The 20 best showed 79% exact measure-
ments overall. The intensively trained group
displayed 74.5% exact measurements.

In 89 % of the wrong decisions the deviation
was ±0.5 cm. In the intensely trained group
this were 99.8% and in the group of the best 20
candidates 98.4%.

Over all groups 68.4% of all wrong decisions
were deviations to the lower side, 31.6% to the
higher side. 

The measurement was most often correct
(all groups) for the extreme data (9 and 13
cm). Of 1835 collected single data in all
groups 24 were lacking (1.3%). From test one
to test two 32 of 63 participants improved
(clinicians: 22, non clinicians 10), 15 deterio-
rated clinicians: 10, non clinicians 5) and 16
got the same result (clinicians: 7, non-clini-
cians 9). In the group of the 20 best partici-
pants we saw improvement in 12 cases dete-
rioration in 3 and a standstill in 5 cases
(Table 1). 

Article

Figure 1. The artificial arms (A) and the
method of measurement (B). C) The same
method of measurement with a child.

Table 1. Investigators experience with the two devices.

Influence Finger method MUAC tape

Loss - +
Maintenance - (+)
Procurement - +
Corruption - + (?)
Bureaucracy - +
Misappropriation - +
Price - +
MUAC, mid-upper-arm circumference.
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Discussion

The quickest and probably most appealing
method to get information on acute malnutri-
tion- guessing- is not good enough.5 All other
methods need equipment. This is relatively
expensive like scales or measurement tables.
Even the well established red-yellow-green
tape for the MUAC measurement is in reality,
often lost, locked away, destroyed or simply
unavailable.7

In previous studies,6-8 we showed that it is
possible for health care providers and even for
laymen to identify the threshold of malnutri-
tion with a third type of measurement, involv-
ing their own fingers. With the current work
we believe to have demonstrated that with the
static concept (to find a threshold) we did not
exhausted the possibilities of our method.
Even a real measurement, which is correctly
enough to provide the children with the ade-
quate treatment, is possible. 

Our participants discriminated 9 different
sizes of artificial arms with their fingers. This
is much more than what might be needed in
reality (admission and discharge to therapeu-
tic or supplemental feeding programs - adding
up to three values). Nevertheless it can be
seen how dynamic and flexible the concept is
and that it can incorporate future challenges
as changing WHO guidelines,3,11 the demand
of regional organizations or different values,9
when the measurement will be used for
younger or older children than the ones from 6
to 60 months.

The most important measurement is the cir-
cumference which decides on the admission
into a therapeutic feeding program. Much
more important than the absolutely correct
measurement is, that the measurement does
not withhold therapy from a child in need even
when the measurement deviates from the true
value. Our study showed that this is the case
with our method (95.3 and more than 98% in
group 3 and 4). To our knowledge this was not
described before. 89% of the incorrect deci-
sions in the general group and more than 98%
in the best 20 group and the intensively
trained were deviating only 0.5 cm from the
true value. Interestingly the deviating decision
was in more than two thirds to the lower side
of the 0.5 cm. Moreover we could demonstrate,
that this effect is even more pronounced in the
high risk group of extremely malnourished
children with a MUAC of <105 cm. We could
show, that all results improve dramatically,
when we either use only the best 20 candidates
(around 30 % of the participants, as done by
Ayele et al.4 in Ethiopia or just train more
intensive for up to 1.5 hours. 

The well nourished child would have never
(100%) been admitted to a therapeutic feeding
program and in only 11.9% of the cases to a

supplementary feeding program. 
The second short training we gave in the

general group improved the results, but was
not really convincing with some detrimental
results in subgroups. This was probably due to
too much stress in finding landmarks for nine
circumferences in this short time. Intensive
training improved the results greatly and they
were comparable with the results of the best 20
participants. The results for clinicians and
non-clinicians did not show a consistent differ-
ence.

The results for the less important measure-
ment for the admission to supportive feeding
programs and for the discharge from such a
feeding program are, as much as the correct
measurement not as impressive.

We see enormous space for improvement,
when we compare our training with other
methods. Our method is easy to learn even for
analphabets. We trained much shorter than
other authors trained established methods for
MUAC, weighing or height measuring in
Ethiopia, United States or Bolivia.4,15,16 There
is no interpersonal anthropometric difference
as with some other nutritional parameters,17
when the measurement is used as a trend for
the villages Only very few of our participants
were trained in their mother-tongue. English
was a foreign language for almost everybody
and our training method was admittingly bor-
ing. A training in Chichewa, the most common
language in Malawi, combined with a more
intensive training and the selection of the 30%
most promising candidates will improve the
results significantly and will facilitate the fur-
ther training for the Health Surveillance
Assistant (a health worker with 6 weeks of
training). Moreover by this method mothers
and guardians as members of the villages and
rural communities can be trained through pre-
defined protocols which will enhance the out-
come further.18 But the most powerful booster
for our method will be the dedication of the
mothers to measure their own child over time
(achieving year long experiences) and to be
able to take the consequence to seek help in
the health center when the weekly measured
MUAC – trend is deteriorating. 

Finally the financial costs of our device are
obviously not existing. Additionally it can�t be
lost, sold, destroyed or locked away and it is
always available exactly in the numbers you
need it. This provides advantages over all other
available measurements. 

Conclusions 

With a short and cheap training it is possible
to discriminate with your own fingers various
thresholds of the MUAC, which might decide
whether a child should be admitted to a nutri-

tional rehabilitation unit or not. This free meas-
urement should be trained finally to the mothers
in the villages in order to enhance the proportion
of children who come to the health care facilities
in time before they deteriorate too much.

References

1. Black RE, Allen LH, Bhutta ZA, et al.
Maternal and child undernutrition: global
and regional exposures and health conse-
quences. Lancet 2008;371:243-60. 

2. World Health Organization. Millennium
development goals. Available from: http://
www.un.org/millenniumgoals. Accessed on:
September 2013.

3. United Nations System, Standing
Committee on Nutrition, Task Force on
Assessment, Monitoring and Evaluation.
Fact sheets on food and nutrition security
indicators/measures: mid-upper arm cir-
cumference (MUAC). Available from:
http://www.unsystem.org/SCN/Publication
s/html/task_force/Factsheet%20MUAC%20
Hanoi.doc 

4. Ayele B, Aemere A, Gebre T, et al.
Reliability of measurements performed by
community-drawn anthropometrists from
Rural Ethiopia. PloS One 2012;7:e30345.

5. Mogeni P, Twahir H, Bandika V, et al.
Diagnostic performance of visible severe
wasting for identifying severe acute mal-
nutrition in children admitted to hospital
in Kenya. Bull World Health Organ 2011;
89:900-6.

6. Pollach G, Mndolo S. A new method of
measuring mid upper arm circumference
at Queen Elizabeth central hospital.
Malawi Med J 2011;23:20-1.

7. Pollach G, Mndolo S. A semiquantitative
way to measure MUAC in anaesthesia.
Trop Doct 2011;41:68-70. 

8. Pollach G, Mndolo S. A population at risk
for pediatric sepsis in Africa – and its pre-
operative identification. Infection 2011;
39:145.

9. Goossens S, Bekele Y, Yun O, et al. Mid-
upper arm circumference based nutrition
programming: evidence for a new
approach in regions with high burden of
acute malnutrition. PloS One 2012;7:
e49320. 

10. Dale MN, Myatt M, Prudhon C, Briend A.
Using mid-upper arm circumference to
end treatment of severe acute malnutri-
tion leads to higher weight gains in the
most malnourished children. PloS One
2013;8:e55404.

11. World Health Organization. Community-
based management of severe acute malnu-
trition. A joint statement by the World
Health Organization, the World Food

Article



[page 36] [Pediatric Reports 2014; 6:5368]

Program, the United Nations System
Standing Committee on Nutrition and the
United Nations Children’s Fund. 2007.
Available from: http://www.who.int/nutri-
tion/topics/statement_commbased_mal-
nutrition/en/index.html. 

12. Mwangombe MK, Fegan G, Fulford T, et al.
Mid-upper arm circumference at age of
routine infant vaccination to identify
infants at elevated risk of death: a retro-
spective cohort study in the Gambia. Bull
World Health Organ 2012;90:887-94.

13. Nabiwemba LE, Oracg GC, Kolsteren P.

Determining an anthropometric surrogate
measure for identifying low birth weight
babies in Uganda: a hospital-based cross
sectional study. BMC Pediatr 2013;13:54.

14. Dasgupta A, Butt A, Saha TK, et al.
Assessment of malnutrition among adoles-
cents: can BMI be replaced by MUAC? Ind
J Commun Med 2010;35:276-9.

15. Velzeboer MI, Selwyn BJ, Sargent F, et al.
The use of arm circumference in simpli-
fied screening for acute malnutrition by
minimally trained health workers. J Trop
Pediatr 1983:29:159-66.

16. Bradley JL, Brown JE, Himes JH.
Reliability and validity of parental meas-
urements of infant size. Am J Hum Biol
2001;13:275-9.

17. Lim SL, Ang E, Foo YL, et al. Validity and
reliability of nutrition screening adminis-
tered by nurses. Nutr Clin Pract
2013;28:730-6.

18. Schofield C, Ashworth A. Why have mortal-
ity rates for severe malnutrition remained
so high? Bull World Health Organ
1996;74:223-9.

Article




