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Location: Senegal
What we know: There are limitations to anthropometric identification of severe acute malnutrition (SAM)
in children.
What this article adds: Geometric morphometric (GM) techniques have been used to develop an Android
mobile app prototype to diagnose SAM, based on photos of body parts. The method was validated based
on 150 healthy Spanish children. A sample of 150 normal weight and 150 Senegalese children with SAM
(weight-for-height and MUAC-for-age <-3 z score) was used to quantify morphological differences. The
project found significant morphometric differences between Spanish individuals according to their age
and sex (p <0.0001); two ‘shapes’ have been identified coinciding with growth peak. Diagnosis of SAM was
93 per cent based on whole body and 100 per cent based on body parts. Further modifications to the app
have been undertaken to improve functionality. Further work includes increasing sample sizes to test the
approach, technological advances to improve automated diagnostics and user friendliness, and ultimately
integration within routine heath systems (as ehealth tools).

Background

The potential

The SAM photo diagnosis app is an innovation
that responds to the need to improve screening,
diagnosis and treatment of severe acute malnutrition (SAM). Anthropometric indicators currently
used to diagnose SAM have limitations at population level. Weight-for-height z-score (WHZ) calculation requires well trained health staﬀ and accurately calibrated equipment in good condition.
Mid upper arm circumference (MUAC) is easier
to use by non-health professionals and requires
simpler and cheaper equipment; however intraobservor error is an issue. Therefore, measurement
errors are quite likely to take place in SAM
screening and diagnosis (Corsi et al, 2017; Marrodán et al, 2013; WHO, 2006). In the last decade
there has been a huge technical advance in the
ﬁeld of geometric morphometric (GM) techniques
(Slice, 2005; Zelditch, 2004), which has opened
up more research into the study of the morphometric variations among biological forms. GM
techniques consist of a collection of tools capable
of registering the shape of objects for visualisation
and quantiﬁcation of the diﬀerences between
them. This approach oﬀers a new, innovative opportunity to assess SAM in children.

The study of the variation in body shape of children
under ﬁve years of age had not previously been
explored with GM techniques. This area is of interest
not only for the diagnosis of SAM but also (among
other uses) for the study of child growth and its
relationship to a wide range of factors, such as environmental, genetic and sociocultural inﬂuences.
In addition, work is ongoing to involve the community as active agents in the prevention and diagnosis of SAM. The usability and adaptability of
tools to support this, suited to local sociocultural
realities and sensitive to local contexts and sustainability issues, are highly relevant.

The innovation
The project hypothesised that GM techniques
are able to identify shape diﬀerences between
children of normal weight (NOR) and those with
SAM (aged 6-59 months). The main objective of
the project was to design a prototype for an Android mobile application (app) which, based on
GM techniques, could be validated as an eﬀective
and reliable technique for in situ diagnosis of
SAM by photographing parts of the body. The
development of this tool could help to increase

the diagnostic coverage of SAM and thereby
strengthen community-based management of
acute malnutrition (CMAM) programming at all
levels (from health facility to community level)
and for a variety of users, such as national health
workers, humanitarian workers and academics.

Methods
A sample of 150 healthy NOR children (percentile
(p)30-p70 WHZ and/or MUAC for age) between 6
and 59 months of age of Spanish origin was used
to validate the methodology designed to record
and assess the morphological changes of the
body by age and sex. Subsequently, a sample of
children between 6 and 59 months of age of
Senegalese origin was sub-divided into 150
healthy NOR children and 150 SAM children without complications and used to quantify the morphometric diﬀerences of this population according
to their nutritional status. SAM cases fulﬁlled
both WHZ and MUAC criteria (WHZ and z-score
MUAC for age <-3): children with both deﬁcits
were chosen to visualise and quantify morpho1
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metric diﬀerences among extreme morphologies.
Information about the present study was provided
to participating children’s families, who signed
an agreement form for both participation and acceptance of privacy policies concerning data management. Photographs in anterior view were
recorded for each participant in controlled conditions, photographing the same predetermined
body regions (extremities and trunk) in the same
position for each child, with the child wearing
underwear. Although not possible in the prototype,
the ﬁnal app will automatically extract body
contour and destroy the real images after the diagnosis is made, as the contour alone is enough
to assess nutritional status. This will provide an
important level of child protection. The next step
was to develop a classiﬁer to allow an eﬀective
diagnosis. Finally, a prototype of an Android app
was designed.

Results
Our results show signiﬁcant morphometric diﬀerences between Spanish individuals according to
their age and sex (p <0.0001). Two highly diﬀerentiated shapes corresponding to the children
under and over 24 months were visualised, coinciding with the particular growth peak of the
child. When diagnosing SAM, an accuracy of SAM
diagnosis above 93 per cent in the Senegalese
population was obtained when studying the
whole body, increasing to 100 per cent when
analysing parts of the body separately. An app

prototype which replicates the experiment carried
out has already been developed. This prototype
permits the systematic registration of photographs
as well as image processing and application of a
diagnostic algorithm. A methodology to code
individuals has also been included. Such a methodology will allow sending and receiving data
through the app as well as data storage in a web
service. An auxiliary desktop app was also developed to manage and conﬁgure the mobile app
for the generation of templates and for image
processing obtained from digital photographs
(made through regular camera shots by third
parties) for future research.

Future steps
Future steps include scientiﬁc, technological and
human-centred design approaches. Concerning
the scientiﬁc approach, the work will focus on increasing sample sizes to improve diagnostic accuracy, investigation of morphological variability
of SAM among populations, and exploration and
study of diﬀerent malnutrition proﬁles (including
WHZ only, MUAC only and stunting). Technological
advances will include deep learning and machine
learning methods (an artiﬁcial intelligence that
allows the device to learn and improve the accuracy of the diagnostic functionality as the sample
size grows) to automate image registration, processing and classiﬁcation (where aspects of diagnosis that currently require manual intervention
from the user will be automated, such as identiﬁ-

cation of landmarks on the child’s body). Finally,
once the app is functional, it will be upgraded
with a user-centred design, with interactive and
didactic functionalities, to enable adaptation to
speciﬁc contexts and allow integration into routine
health systems as an ehealth (digital health) tool.
A video about the SAM photo diagnosis app can
be found here: http://bit.ly/2HDbvZk
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