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ABSTRACT
Background: Long before the 21st century frugal innovation movement, the practice of skin-to-skin
contact achieved through the Kangaroo Position described in Kangaroo Mother Care was introduced
as a strategy to thermostabilize low birthweight infants without electric incubators and avoid
separating mothers and babies.
Discussion: We explain the spectrum of skin-to-skin contact interventions (hospital-based and
community-based Kangaroo Mother Care, the Baby Friendly Hospital Initiative) to show skin-to-skin
contact achieved by the Kangaroo Position as a pioneering frugal solution to address the global health
problems of infant mortality and morbidity. We have found no literature formally describing these
methods as frugal technologies/innovations. The need to actively promote maternal-infant contact is
necessary because separating the mother and baby plus the medicalization and technological focus of
birth is the current accepted medical norm. Skin-to-skin contact is an evidence-based best practice that
should be promoted as a lower cost, sustainable medical intervention suitable for all newborns and
their families across low-, middle-, and high-resource countries. This provides new marketing
opportunities for maternal and child health interventions within the framework of frugal technology,
fitting skin-to-skin contact and Kangaroo Mother Care within a popular, fundable, 21st century
movement.
Conclusion: Adding the concept of frugal technology to discussions of skin-to-skin contact-based
interventions is a no-cost way to reach additional stakeholders and address medicine‟s cultural bias
against low-technology and natural solutions. This reframing can be used to address healthcare system
barriers to increase skin-to-skin contact intervention coverage, which is necessary to achieve global
goals for infant and maternal health improvement.
Keywords: breastfeeding; infant morbidity; infant mortality; frugal technology; maternal-child health;
mother-baby dyad.

INTRODUCTION
The concept of „frugal technology‟
challenges the traditional global health
approach that adopts technical solutions

from high-resource countries to meet the
medical needs of poorer countries. (1)
Instead
of
retro-fitting
existing
technological solutions to meet local needs
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in a resource-poor environment, frugal
innovators design new, reproducible, lowercost solutions using local resources. Long
before the frugal innovation movement, the
practice of skin-to-skin contact and its
specialized form of Kangaroo Mother Care
(KMC) were introduced as strategies to
thermostabilize low birthweight infants
without electric incubators and keep
mothers and babies together. (2–4) We have
found no literature formally describing these
two
methods
as
frugal
technologies/innovations and offer this work
as evidence that skin-to-skin contact and
KMC are frugal interventions applicable
and beneficial in all settings, from home
birth in under-resourced countries to the
technologically equipped hospitals in
wealthy countries.
We explain the spectrum of skin-toskin contact (SSC) across hospital-based
and community-based KMC (5,6) and the
Baby Friendly Hospital Initiative (7) to show
SSC as apioneering frugal solution to
address the global health problems of infant
mortality and morbidity. SSC is an
evidence-based best practice that should be
promoted as a lower cost, sustainable
medical intervention suitable for all
newborns and their families across low- ,
middle-, and high-resource countries. This
approach
provides
new
marketing
opportunities for maternal and child health
interventions within the framework of frugal
technology, fitting SSC and KMC within a
popular and fundable 21st century
movement. Adding the concept of frugal
technology to discussions of SSC-based
interventions is a no-cost way to reach
additional stakeholders and address
medicine‟s cultural bias against lowtechnology and natural solutions. This may
be a beneficial perspective to promote
maternal-child bonding in high-income

countries enamored of technology and in
low-income countries where medical
professionals view technology as a symbol
of modernity or medical necessity even
when electricity service is inconsistent. We
recommend promoting SSC for full-term
infants in addition to low birthweight
infants, traditionally the primary targets for
hospital-based (2) and community-based
KMC. (5) We cite and promote the 1998
Bogota Declaration (8) for reduced infant
mortality and morbidity:
Kangaroo Mother Care should be a
basic right of the newborn, and should be an
integral part of the management of low birth
weight [sic] and full-term newborns, in all
settings and at all levels of care in all
countries” (8) [p, 1-11].
The Global Burden of Infant Mortality
and Morbidity
Neonatal deaths represent the global
majority of all child deaths under 5 years of
age (Figure 1). More than 80% of newborn
deaths are preventable and due to neonatal
infections, pre-term birth and
its
consequences (e.g., hypothermia), and
intrapartum risks. (9) By implementing
evidence-based
practices,
the
UNICEF/WHO Every Newborn action plan
aspires to save 3 million lives (9) through
core components including KMC and
feeding support (p. 7). As many as 450,000
deaths could be avoided in pre-term infants
alone by “near-universal” uptake of KMC.
(10,11)
SSC‟s positive effects on breastfeeding
outcomes (12) would prevent deaths in both
pre-term/low
birthweight
and
fullterm/normal-weight
infants
because
increased rates of early and exclusive
breastfeeding are associated with lower
infant morbidity and mortality, (13–15) even
in resource-rich countries. (16)
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Figure1: Child mortality: Neonatal Deaths as a Percentage of Under-five deaths. From WHO. Global Health Observatory Data Repository:
Visualizations: Mortality and global health estimates; Child mortality, neonatal deaths and mortality rate, 2015 (17,18).

The Spectrum of Skin-to-Skin Contact
methods
SSC is “placing the dried, naked
baby prone on the mother‟s bare chest” (12)
p. 1;This chest-to-chest contact is achieved
by the Kangaroo Position of mother and
infant (Figure 2). Conde-Aguedelo and
Díaz-Rossellostate that Kangaroo care was
“originally defined as skin-to-skin contact
between a mother and her newborn” ((2), p.
1). Bergman and Bergman (19) define SSC as
a place of care defined by the Kangaroo
Position: they differentiate the Kangaroo
Position/SSC from the comprehensive
protocols of KMC that take place once the
mother-infant dyad are in Kangaroo
Position. Usage in the current Cochrane
reviews (2,12) suggests that the term KMC is
more likely to be applied to pre-term births
(< 35 weeks), while SSC is more likely
applied to full-term (> 35 weeks) infant
Method
Skin-to-Skin
Contact (SSC)

Hospital-Based
Kangaroo Care

CommunityBased Kangaroo
Care

care. The evidence shows that SSC in the
first two hours after birth programs infant
self-regulation that is detectable in 12month follow-up. (20) SSC is a central
feature of and facilitates Step 4 of the
WHO-UNICEF Ten Steps to Successful
Breastfeeding, (21) part of the Baby-Friendly
Hospital Initiative (BFHI)(Table 1).

Figure 2: The Kangaroo Position achieves Skin-to-Skin
Contact (SSC)
(Photo by author #3; mother‟s consent was received.)

Table 1. Definitions of Skin-to-Skin Contact Methodologies used in this Manuscript
Definition
Notes
“…placing the dried, naked baby prone on the mother‟s bare Does not include contact not supported by the
chest” ((12)p. 1) for a specified period; Bare chest-to-chest contact literature, e.g., leaving mother‟s brassiere on;
is required.
involving an infant dressed in a diaper;
cheek/cheek contact (22)
Achieving chest-to-chest SSC under specific protocols described
by the World Health Organization and recommended for low
birthweight infants; performed in a hospital setting on low
birthweight infants (2)
Designed to provide SSC to all infants to establish a community
norm and ensure coverage for all low birthweight regardless of
accurate birthweight identification. (5,23)
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Kangaroo Mother Care (KMC) is a
method for achieving chest-to-chest SSC
under specific protocols described by the
World Health Organization for preterm
infants. (2) We call it „hospital-based‟ KMC
in this work to distinguish these institutional
protocols for low birthweight infants from
„community-based
KMC‟
protocols
designed to provide SSC to all infants to

establish a community norm and ensure
coverage for all infants regardless of
accurate birth weight identification (5) (see
Table 2). Community-based KMC is
designed for the millions of children born
outside of hospitals. (23) We do not use the
definition of Kangaroo Care used in the
United States because it applies only to low
birthweight infants after stabilization. (19,24)

Table 2: The WHO/UNICEF Ten Steps to Successful Breastfeeding. From (7,25)
1. Have a written breastfeeding policy that is routinely communicated to all health care staff.
2. Train all health care staff in skills necessary to implement this policy.
3. Inform all pregnant women about the benefits and management of breastfeeding.
4. Help mothers initiate breastfeeding within a half-hour of birth.
5. Show mothers how to breastfeed, and how to maintain lactation even if they should be separated from their infants.
6. Give newborn infants no food or drink other than breastmilk, unless medically indicated.
7. Practice rooming-in -- allow mothers and infants to remain together -- 24 hours a day.
8. Encourage breastfeeding on demand.
9. Give no artificial teats or pacifiers (also called dummies or soothers) to breastfeeding infants.
10. Foster the establishment of breastfeeding support groups and refer mothers to them on discharge from the hospital or clinic.

Evidence Base for KMC/SSC
The current Cochrane review of
KMC(2)specifically addresses evidence
concerning morbidity and mortality in low
birthweight infants(LBW, <2500 g),
excluding evidence for normal weight
infants. It does, however, consider the two
studies of KMC before complete
stabilization. The review categorizes much
of the current evidence as “moderate
quality”, indicating room for scientific
growth in this area. Data from 21
randomized clinical trials (total infant
n=3042) were compared with “conventional
neonatal care” (incubator). Mother-newborn
Intervention
KMC
KMC
KMC
KMC
KMC
KMC

SSC was identified as “the major
component of KMC” (p. 2) and search terms
included “skin-to-skin” (p. 9). The strongest
documented outcomes (Table 3) for
stabilized LBW infants (n=19 studies)
included significantly reduced infant
mortality and infection at discharge/40-41
weeks postmenstrual age, greater linear and
head growth, and better exclusive
breastfeeding
measures.
Significant
outcomes supported by “moderate-quality
evidence”
include
decreased
infant
hypothermia, reduced infection or mortality
at follow-up, and increased weight gain
(data not shown).

Table 3: Summary of KMC Outcomes with the Strongest Evidence Support (2)
Outcome
(Statistic; 95% CI)
Number of trials/participants
mortality at discharge/40-41 weeks postmenstrual (RR 0.60; 0.39-0.92)
8 trials/ 1736 infants
age
nosocomial infections/ sepsis
(RR 0.35; 0.22-0.54)
5 trials/ 1239 infants
Length gain at latest follow-up
(MD 0.21 cm/week; 0.03-0.38)
3 trials/377 infants
Head circumference gain at latest follow-up
(MD 0.14 cm/week; 0.06-0.22)
4 trials/495 infants
Exclusive breastfeeding at discharge/40-41 weeks (RR 1.16; 1.07-1.25)
6 studies/1453 mothers
postmenstrual age
Exclusive breastfeeding at 1 to 3 months follow- (RR 1.20; 1.01-1.43)
5 studies/600 mothers
up
Note: Results characterized as supported by “moderate-” or “low-quality evidence” are not presented.

Because 19 of the 21 trials included
only stabilized LBW infants, the authors
recommend KMC for this subgroup and
limit recommended KMC “mainly in
resource-limited settings” (p. 2). This
recommendation will necessarily remain

limited unless and until the more wellcontrolled studies comparing SSC to
standard care in full-term infants are
conducted and disseminated. The review
does not discuss complications associated
with the use of incubators in resource-poor
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settings, such as unstable electricity source
and the likelihood of using older technology
in these settings, with concerns of the
increased unreliability often associated with
aged machines.
The evidence for SSC in healthy
newborns (>35 weeks gestation) was
recently updated, (12) covering 46 trials with
almost 4000 women. Most studies suffered
from low sample sizes and high
heterogeneity, and the authors recommend
better quality studies be conducted. They
conclude that “moderate quality” evidence
SSC effectively promotes breastfeeding (p.
2) and recommend that SSC be “normal
practice for healthy newborns including
those born by cesarean and babies born
early at 35 weeks or more” (p. 3) given the
promising nature of the studies and no
negative outcomes. The Cochrane Review
of interventions to promote breastfeeding
(26)
included only two studies of “early
mother-infant contact” vs. standard care.
While the outcomes slightly favor the early
contact, the small sample size made the test
for overall effect (p. 96) non-significant
(Z=1.48, p=0.14).
The Frugal Technology Movement
Christensen‟s „disruptive innovation‟ (27) is
often cited as the start of the frugal
technology/frugal innovation movement. He
describes disruptive innovation as change in
technology that substantially changes a
product‟s
market
expectations
and
trajectories or that creates or capitalizes on
emerging markets. (27) Important parts of
this concept are that disruptive innovation:
introduces products into markets where such
products “had not been technologically or
economically feasible” (p. 23); involves
widely available components or processes
adapted to new use (pp.18, 43); and is
simpler in design, cheaper, more reliable or
convenient than other options (pp. 15, 172).
Radjou and Praha (28) write about
jugaad, a Hindi concept that means “an
innovative fix; an improvised solution born
from ingenuity and cleverness” (p. 4). They
elucidate six principles of jugaad innovation

that show socioeconomic, environmental,
and practical sense as integral to frugal
innovation (Table 4). They claim that the
West‟s traditional approach to innovation is
“too expensive and resource consuming,
lacks flexibility, and …is elitist and insular”
(p. 8) compared with jugaad innovation.
Table 4:The Six Principles of Jugaad/Frugal Technology (28)
1. Seek opportunity in adversity
2. Do more with less
3. Think and act flexibly
4. Keep it simple
5. Include the margin
6. Follow your heart

The frugal technology movement
continues to gain momentum given its quick
dissemination of helpful products and
practices, suitability, and sustainable
solutions for low-resource contexts. It is the
basis for The Journal of Frugal Innovation
(ISSN: 2197-7917, Springer) (29) and some
schools of engineering now offer specialty
training (e.g., Santa Clara (California)
University‟s Frugal Innovation Laboratory).
(30)
Using the frugal innovation framework
to describe SSC interventions can harness
the positive momentum of the frugal
technology movement to benefit the motherbaby dyad.
The War against Natural Mother Care
The neonatal incubator has saved
millions of lives since its invention 1880.
However, it was, and continues to be,
symbolic of a struggle between proponents
of the medicalization of birth and infant care
and those promoting natural mother care.
Baker‟s socio cultural history (31) provides
an insightful description of the incubator‟s
initial impact:
In the wake of French claims that the
incubator could lower premature infant
mortality by nearly 50 percent, the device
became a symbol of the promise of modern
medicine and technology... public fairs and
expositions began promoting so-called
incubator baby shows complete with live
infants. Yet a backlash soon followed,
construing the device as a symbol of wellintentioned
medicine
gone
awry,
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encroaching on a realm better left to
mothers than doctors, (31) p. 3.
This quote remains disturbingly
accurate, as proponents of natural birthing,
postnatal care methods, and breastfeeding
decry the medicalization of birth and
„authoritative knowledge‟ that takes power
from mothers. (32–34) For women in low
resource countries, there are still unmet
needs for „appropriate technology for birth‟
(35)
recommended over 30 years ago: “good
health and nutrition labor, a hygienic
environment for the birth, and ready access
to medical assistance in labor should need
arise”, (36) p. 787. Itis perplexingto see lowresource settings like Rwanda describing
incubators and Western-style hospital
services as „conventional neonatal services‟
(37,38)
when 80% of its 12 million citizen live
in rural settings with little to no access to
electricity or clinical services. (39) In such
settings, high-tech care may be an
inappropriate use of scarce funds and could
be dangerous if the technology is unstable
due to unpredictable electricity supply or
unreliable infrastructure.
In 2012, a Lancet Commission
reported on ways that medical technology
“should best be used” in low- and middleincome countries, (40) first paragraph. Its
Executive Summary notes that: “Instead of
relying on hand-me-down technologies from
wealthier countries, which can be costly,
inappropriate for local conditions, and even
dangerous, the authors urge a renewed effort
towards developing what they call „frugal
technologies‟... ” (40) second paragraph.
Despite this statement, the Commission‟s
report ((40),Panel 10, p. 522) summarizes a
project that recycled neonatal incubators in
Nigeria using generic parts ordered via the
internet. (41,42) Its inclusion encourages the
very „hand-me-down‟ technologies the
manuscript argues against. Further, it failed
to mention KMC/SSC as a frugal
technology that is far more „frugal‟ than
recycling obsolete incubators. The fact that
the article reached publication without even
marginal mention of SSC reflects the
widespread lack of knowledge and/or

acceptance of this evidence-based practice.
We hope that this manuscript introduces the
benefits of SSC and KMC to a wider
audience and encourages their framing as
frugal technologies.
DISCUSSION
While some frugal innovations are
simply „good enough‟, (28,43) this
characteristic of frugal technology does not
apply to SSC. Rather, the literature indicates
that SSC is at least as good as incubation
(12,44)
and KMC is superior to incubators
with regard to infant temperature regulation,
(44)
psychological outcomes, and cost. (45)
Recent research has also documented
significantly better outcomes at for a range
of social and neuro-cognitive behavioral
measures in a 20-year longitudinal study of
264 young Colombian adults (South
America) who weighed ≤1800 g and
received KMC at birth vs. those who did
not. (46)
Western medicine has long ascribed
to the „technological imperative‟, which
Baker ((31), p. 1) describes as… “The idea
that any technology that can be used must
be used”. However, it is not alone in its
affinity for shiny, new machines. People in
poor and low-resource countries are may
also be enamored of technology and wish to
participate in its use, especially when it
represents modernity and perceptions of
progress. This shared human desire to use
the newest technology despite its potential
inappropriateness is associated with both
assumed superiority of technological
interventions and social implications of
technological change. (31) An unintended
consequence of the poor rate of immediate
KMC/SSC uptake in wealthy countries (47)
and in hospitals in low-resource countries
alike (37) is sustaining the false idea that
technology and medicalization of birth is
superior to mothers and natural/lowertechnology interventions, (48) or that natural
or lower-technology interventions have no
place in modern healthcare.
The evidence supporting KMC‟s
outcomes is limited to LBW infants after
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stabilization; 90% of the trials identified by
the Cochrane Review team included only
these infants. (12) The There is a major
barrier to carrying out research on KMC
prior to stabilization in countries such as the
United States, where the standard of care
prohibits KMC in unstabilized infants;
without extant evidence that it is safe,
ethical review boards are unlikely to
approve research involving LBW infants.
This circular reasoning means that much of
the research necessary to improve the data
in this area must be developed by healthcare
professionals in countries without such
mandates and then built upon when the
assumptions of the danger of immediate
KMC can be addressed by valid data.
RECOMMENDATIONS &
CONCLUSION
SSC and the Kangaroo position are
evidence-based frugal technologies that
should be promoted as effective, lower cost
medical interventions suitable for all
newborns and their families across low- ,
middle-, and high-resource countries. This
recommendation is in line with evidence
from the literature (48–51) and policy
promoting maternal and child health. (21)
Marketing SSC as frugal technology can
increase its uptake, which is necessary to
achieve the goals of the Every Newborn
action plan. (9)
The need for frugal technology is
intensifying
with
environmental
degradation, climate change, and increasing
wealth and health disparities. (1) In countries
where political and infrastructural stability
is a concern, frugal technologies have the
added benefit of being sustainable at the
local level and locally produced. (52) Some
cultural practices and preferences are
barriers for KMC implementation by
families, including concerns for modesty
and reluctance for fathers to be involved
with childcare. (45) However, the majority of
documented barriers to SSC implementation
lie within the healthcare system and its
workers, including policy, program, and
practice barriers. (25,45) The need to actively

promote
maternal-infant
contact
is
necessary because the medicalization and
technological focus of birth is the current
accepted medical norm. (12) Invoking the
frugal technology movement can help
reduce bias and stigma toward “low-tech”
and human-centric solutions in medical
culture. We recommend that healthcare
professionals who advocate for evidencebased SSC interventions frame their
discussions of policy, practice and training
using the concept of frugal technology.
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