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Abstract
Background: The position of the infant on the trunk during back and front infant carrying methods (ICMs) may be a potential factor of
maternal physiological changes. Related information is necessary for the establishment of guiding principles for infant carrying tasks. Thus,
this study was carried out to evaluate cardiopulmonary responses to infant‑load positions on the trunk during simulated back and front ICMs.
Materials and Methods: Twenty‑three nulliparous females completed four trials while walking with a 6 kg simulated infant, being carried in
four trunk positions (upper back, lower back, upper front, and lower front). Cardiopulmonary indices (systolic blood pressure, diastolic blood
pressure, respiratory rate, and heart rate) and rating of perceived exertion were assessed pre‑ and post‑trials. Results: All the cardiopulmonary
indices did not change significantly (P > 0.05) as the infant load moved from upper to lower trunk positions during the back and front ICMs.
However, marginal differences were observed. Participants perceived the lower back and upper front ICMs as less exerting than the upper
back and lower front ICMs. Conclusions: Infant‑load position on the trunk is not an important factor in the cardiopulmonary responses to
back and front infant carrying tasks, although the lower back and upper front ICMs were perceived to be more comfortable.
Keywords: Back, cardiopulmonary indices, front, infant carrying, infant‑load positions, perceived exertion

Introduction
Infant carrying is one of the major tasks of childcare. It is
the act of carrying an infant close to the caregiver’s body,
occasionally with special devices, which aid attachment, and
parenting.[1] The most popular methods of infant carrying
among African women include back and front infant carrying
methods (ICMs).[2] The back method requires positioning the
infant on the bearer’s back with or without the support of
devices while the front variant is usually achieved by carrying
the child on the arms or by the use of tools to support the
infant on the anterior trunk.[3,4] The front ICM has become
more popular among women, considering that it is fashionable
and trendy.[2] Associated benefits of infant carrying include
enabling close maternal‑infant contact while availing the
mother the opportunity to engage in other activities[5] and
improved maternal‑infant bonding.[6] It also promotes infant
emotional,[3] physical and neural development, respiration and
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gastrointestinal health, improved balance[7] as well as decreased
risk of sudden infant death and other structural deformities.[8]
Despite these benefits, infant carrying constitutes an
energetic drain on the bearer[9‑12] because of its associated
biomechanical changes.[9‑16] Associated gait and biomechanical
responses to the infant weight on the trunk generally trigger
body compensatory mechanisms to enable physiological
adaptation and maintenance of stability.[17] In support, previous
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studies[2,18‑20] and clinical experiences have revealed incidences
of infant carrying‑related musculoskeletal disorders among
nursing women. In a previous study,[21] cardiopulmonary and
perceptual responses to the four common ICMs utilized by
African women (back, front, side, and in‑arms) were evaluated,
and findings showed some variations in their relative responses.
Its interpretation suggested that infant carrying tasks might pose
cardiopulmonary responses on the bearer. It is hypothesized
that these responses may be subject to the influence of several
infants carrying characteristics within or between the different
ICMs. Most of the available literature[2,14,21‑23] were focused on
infant carrying responses among different ICMs. Evaluations
of infant carrying characteristics relative to specific ICMs is
scarce.
A distinct infant carrying characteristic, which usually varies
per individual and/or task, is the vertical position of the infant
load on the trunk. Placing an infant on upper, mid, or lower
trunk positions is a common practice among infant bearers. The
implications of these varying infant load positions are yet to be
explored for any possible effect on the bearer. Similar studies
on back and front pack carrying have reported trunk‑load
positions as determinants of biomechanical, physiological,
and perceptual responses in humans.[13,24,25] Stuempfle et al.[13]
in their study to determine the effect of load position in an
internal frame backpack on physiological and perceptual
variables, reported that load placement is an important
factor in the physiological and perceptual responses to load
carriage. In consideration of the above, exploring responses to
trunk‑load positions in the context of infant carrying becomes
necessary. This study was therefore designed to evaluate the
cardiopulmonary and perceived exertion responses to upper
and lower infant‑load positions on the trunk during simulated
back and front ICMs.

Materials and Methods
Participants
A repeated-measure observational study of 23 healthy
non‑pregnant nulliparous females (18–35 years) was conducted
to achieve the study aims. Participants were conveniently
selected from the undergraduate hostels of the University of
Nigeria, Enugu Campus. Females who have been actively
involved in infant carrying or other trunk loading tasks,
for at least 6 months, were excluded from the study for
the elimination of the survivor effects.[26-28] Females with
cardiorespiratory disorders and musculoskeletal conditions
of the spine were also excluded from the study.
Ethical approval for this study was granted by the Research
and Ethics Committee, University of Nigeria Teaching
Hospital, Ituku‑Ozalla (NHREC/05/01/2008B‑FWA00002
458‑IRB00002323) and participants gave written informed
consents before participation in the study.
Participants were assessed for eligibility to undergo physical
tasks using the Physical Activity Readiness Questionnaire.
Relevant bio‑data information and anthropometric

characteristics (weight in kilograms, height in meters,
waist‑and‑hip ratios in centimeters) were investigated.

Testing conditions
This study comprised four testing conditions for each of the
back and front ICMs, including:
a. Lower back ICM: For this task, the infant dummy (Jimmy)
was placed at the participant’s back such that its center of
mass was positioned at the T12 spinal level. Jimmy was
attached to the participant with a cotton wrap cloth (210
cm × 118 cm), fastened in front of the participant’s torso
b. Upper back ICM: With similar protocols as in A, Jimmy’s
center of mass was positioned at the level of the T‑12
vertebra
c. Lower front ICM: Jimmy was placed in a front baby
carrier of dimension 57 cm × 38 cm and strap length of
144.5 cm while placed on the participant’s anterior trunk
such that its center of mass was positioned 5 inches below
the umbilicus
d. Upper front ICM: With similar protocols as C, Jimmy’s
center of mass was positioned 5 inches above the
umbilicus.
Jimmy’s structural characteristics include:
• Weight = 6 kg
• Head circumference = 37 cm (Reference point: Widest
point of the occiput to the forehead) using a tape measure
• Limb length = 21 cm right and left (from the anterior
superior iliac spine to the medial malleolus)
• Upper limb length = 22 cm (both) from the shoulder to
the tip of the middle finger.
Infant body length = 49 cm (from the occiput to the end of
the calcaneum).

Procedures
To control for fatigue and carry‑over effects, participants
passed through the four testing conditions in a random
sequence generated on a Latin square.
Before each testing condition, participants’ cardiopulmonary
indices (systolic blood pressure [SBP], diastolic blood
pressure [DBP], respiratory rate [RR], and heart rate [HR])
were assessed.[21] For each condition, participants performed
a metronome‑regulated walking at the rate of 98 beats/min for
10 min, to and fro a level‑surfaced walkway while carrying
Jimmy in the specified trunk position, relative to that testing
condition. After each trial, their cardiopulmonary indices were
re‑assessed as well as rates of perceived exertion (RPE), using
the Borg’s RPE scale.[21]
All trials were performed between 9:00 am and 12: noon daily
with a testing interval of 30 min between trials. The entire
study lasted 4 weeks.

Data analysis
The normality of data was tested with the Shapiro–Wilk
test to isolate outliers. The results of this test suggested
that the dependent variables were normally distributed.
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Descriptive statistics of frequency, mean, standard deviation,
frequency counts, and percentages were used to summarize
data. Inferential statistics of Paired sample t‑test was used
to determine statistical differences between variables at a
significant level of P <.05. Data were analyzed with the
Statistical Package for the Social Sciences (SPSS, Version 20.0,
Chicago, USA).

Results
Participants’ mean age, body mass index and Waist–Hip Ratio
were 21.27 ± 2.49 years, 21.73 ± 3.53 kg/m and 96.30 ± 7.60,
respectively [Table 1].
Table 2 shows within‑group comparisons of participants’
pre‑ and post‑test cardiopulmonary indices for each testing
condition. Most of the cardiopulmonary indices increased
after the infant carrying tasks. However, not all differences
were statistically significant. Post‑SBP values during the
upper back (P = 0.027) and lower back (P = 0.011) ICMs as
well as post‑HR values (P = 0.001) during the lower back
ICM increased significantly. During the lower front ICM,
SBP (P = 0.001) and DBP (P = 0.022) post‑test values also
increased significantly.
Comparing the mean differences of all the cardiopulmonary
indices between the two back infant carrying trials yielded
no significant differences (P > 0.05) [Table 3]. Marginal
differences revealed higher responses in SBP, DBP, and RR
during the upper back trial, while the lower back trial elicited
higher changes in participants’ HR and RPE.
Similarly, the front testing conditions revealed no significant
(P > 0.05) differences in cardiopulmonary responses and RPE
values between the upper and lower front ICMs [Table 4]. The
lower front task, however, elicited marginally higher responses
in the SBP, HR, and RPE of the participants while the DBP
and RR were higher during the upper front ILP.

Discussion
Back and front ICMs are common among African mothers.[2]
This study was designed to evaluate the effects of various
infant‑load positions (ILPs) on the cardiopulmonary
responses (SBP, DBP, HR, RR) and perceived exertion of
young women during the simulated back and front ICMs.
Understanding the physiological demands of infant carrying
relative to the position of the infant load on the trunk would
serve as a guide for adequate implementation of infant‑carrying
practices.
This study showed that cardiopulmonary indices increased
after each infant carrying task. This corroborated a previous
study,[21] which reported increased cardiopulmonary responses
after infant carrying tasks. Nevertheless, these changes were
expected as infant carrying with a combination of 10‑min
walking constitutes physical activity, which typically should
elicit physiological responses. Physiological responses to
trunk‑loading tasks have been widely reported in previous
496

Table 1: Demographic characteristics of the participants
(n=23)
Variables

Mean±std

Minimum

Maximum

Age (years)
21.27±2.49
18.00
Height (m)
1.69±0.06
1.61
Weight (kg)
61.57±11.29
49.00
BMI (kg/m2)
21.73±3.53
16.92
WC (cm)
96.30±7.60
81.00
HC (cm)
76.74±9.08
67.00
WHR
0.79±0.05
0.69
BMI: Body mass index, std: Standard deviation, WC: Waist
circumference, HC: Hip circumference, WHR: Waist hip ratio

26.00
1.83
90.00
30.78
113.00
101.00
0.89

Table 2: Paired sample t-test results comparing the pre
and post-test cardiopulmonary responses for each infant
loading positions
ILP

Variable

Pretest

Posttest

t

P

SBP
113.26±10.93 118.91±12.55 −2.361 0.027*
DBP
70.43±7.25
74.09±14.58
−1.104
0.288
HR
82.35±13.84
85.30±12.80
−1.969
0.062
RR
21.91±3.04
23.43±4.62
−1.437
0.165
Lower SBP
116.57±8.59
120.35±8.64
−2.784 0.011*
back
DBP
71.78±10.73
73.78±8.21
−1.305
0.205
HR
80.61±12.22
85.35±10.70
−4.06
0.001*
RR
21.91±2.98
22.96±3.00s
−1.601
0.124
Upper SBP
114.30±9.07
118.83±9.19
−1.853
0.077
front
DBP
71.39±8.41
75.09±8.93
−1.938
0.066
HR
83.13±11.94
85.22±14.84
−0.643
0.527
RR
21.39±2.21
22.22±3.59
−1.261
0.221
Lower SBP
112.91±8.96
118.52±10.45 −3.822 0.001*
front
DBP
69.13±10.28
72.57±7.99
−2.456 0.022*
HR
84.00±12.48
86.65±11.49
−1.985
0.060
RR
23.04±3.61
22.91±4.01
0.223
0.825
*Significance at P<0.05. SBP: Systolic blood pressure, DBP: Diastolic
blood pressure, HR: Heart rate, RR: Respiratory rate, ILP: Infant loading
position
Upper
back

studies.[21,29‑32] This implies increased workloads to the heart
and the respiratory system during infant carrying tasks. Trunk
loading‑related cardiopulmonary changes have been attributed
to blood volume changes,[33] increased muscular activities,
changes in gravitational positions, orthostatic stress,[34] and
restrictive effects on pulmonary functions.[35]
Cardiopulmonary indices did not change significantly when the
infant load was moved from high to low positions. However,
marginal differences showed that most parameters (SBP, DBP,
and RR) were higher after the upper back trial, as compared
to the lower back ICM. Although Stuempfle et al.[13] similarly
showed no significant differences in HR, RR, and respiratory
exchange ratio responses between high and lower trunk‑load
positions, they reported marginal differences, which suggested
high trunk‑load positions as more efficient than low load
positions. Conversely, other studies[36,37] reported that low
trunk‑load positions are more favorable, considering that, they
elicited minimal physiological and biomechanical changes, as
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Table 3: Comparisons between cardiopulmonary and
perceptual responses of the participants between upper
and lower back infant loading positions
Variables

Upper backa

Lower backa

t

P

SBP(mmHg)
5.65±11.48
3.78±6.52
0.605
0.551
DBP (mmHg)
3.65±15.87
2.00±7.35
0.482
0.635
HR (b/m)
2.96±7.20
4.74±5.59
−0.948
0.355
RR (c/m)
15.2±5.08
10.4±3.13
0.381
0.707
RPE
13.83±3.24
12.00±2.19
2.512
0.020*
*Significance at P<0.05, aMean differences between post- and pre-test
values. SBP: Systolic blood pressure, DBP: Diastolic blood pressure,
HR: Heart rate, RR: Respiratory rate, RPE: Rate of perceived exertion

Table 4: Comparisons between cardiopulmonary and
perceptual responses of the participants between upper
and lower front infant loading positions
Variables

Upper fronta

Lower fronta

t

P

SBP(mmHg)
4.52±11.70
5.61±7.04
−0.357
0.725
DBP (mmHg)
3.69±9.15
3.43±6.71
−0.102
0.920
HR (b/m)
2.09±15.36
2.65±6.41
−0.161
0.874
RR (c/m)
0.83±3.14
−0.13±2.80
1.049
0.306
RPE
12.43±3.13
13.30±2.77
−1.099
0.284
a
Mean differences between post- and pre-test values. SBP: Systolic blood
pressure, DBP: Diastolic blood pressure, HR: Heart rate, RR: Respiratory
rate, RPE: Rate of perceived exertion

compared to high load positions. Previous studies[13,24,38] that
supported backpack carrying on upper trunk positions opined
that these positions keep the load closer to the trunk and over
the body’s center of gravity, promoting antero‑posterior and
lateral stability as well as utilization of large muscle groups.
Thus, they suggest that cardiorespiratory, metabolic variables
and muscular activities are lowest in upper trunk positions.
Similarly, upper and lower front ICMs did not significantly
differ in their elicited cardiopulmonary responses in the
present study. However, the observed marginal differences
showed that SBP and HR responses were higher during the
lower front trial DBP, and RR increased higher during the
upper front trial. These findings corroborate that of Legg and
Mahanty,[39] which showed no differences in cardiorespiratory
and metabolic responses of upper and lower front‑loading
tasks. Studies comparing lower and upper front‑loading tasks
are relatively limited.
Furthermore, the present study showed that the participants
perceived lower back and upper front ICMs to be less exerting, as
compared to the upper back and lower front ICMs. These suggest
higher comfort levels with the former ICMs. Relative to the back
ICM, these findings contradict previous studies[13,24,38] which
showed preferences for upper trunk‑load carriage. However, our
participants’ preference for upper front ICM may be attributed to
the fact that the infant load was closer to the bearer’s center of
gravity, as posited in the previous studies.[13,24,38] Kim et al.[40] also
reported tendencies for reduced back pain, urinary incontinence,
and discomfort when the trunk is loaded in higher positions.

As much as the present study suggests that infant‑load position
is not an important factor of cardiopulmonary responses during
infant carrying, there is a need for further studies which will
factor in some of the study limitations. Involving postpartum
mothers while carrying their infants in different trunk position
may further highlight the cardiopulmonary responses to
different infant‑load positions. Simulating other daily activities
or their combination with walking tasks during infant carrying
should also be considered as an important factor for improving
on this study. Furthermore, controlling for body anthropometric
characteristics in future studies will highlight better outcomes
of the statistical analyses.

Conclusions
Infant‑load positions are not determinants of cardiopulmonary
responses to back and front infant carrying tasks in young
females. However, the upper front and lower back ICMs were
reportedly perceived as less exerting ICMs.

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.

References
1.

Szeverényi C, Varga M. Orthopaedic relevance of baby carrying. Orv
Hetil 2013;154:1172-9.
2. Ojukwu CP, Fab-Agbo C, Ikele CN, Onuchukwu CL, Anekwu EM.
Infant carrying-related low back pain: prevalence and correlates
among nursing mothers in Enugu, Nigeria. Int J Med Biomed Res
2017;6:125-35.
3. Schön RA, Silven M. Natural parenting-back to basics in infant care.
Evolutionary Psychol 2007;5:102-83.
4. McMann A. Babywearing: A natural fashion statement. Natural Life
Mag 2008; p. 31-22. Available from: https://www.attachmentparenting.
org/pdfs/NaturalLifeBabywearing_AMcMann.pdf. [Last accessed on
2020 Mar 16].
5. Miller PM, Commons ML. The benefits of attachment parenting for
infants and children: A behavioral developmental view. Behavioral Dev
Bull 2010;16:1-14.
6. Lonstein JS. Regulation of anxiety during the postpartum period. Front
Neuroendocrinol 2007;28:115-41.
7. National Research Council (US); Institute of Medicine (US). Influences
on Children’s Health. Children’s Health, The Nation’s Wealth: Assessing
and Improving Child Health. Washington (DC): National Academies
Press (US); 2004. p. 3. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK92200/. [Last accessed on 2020 Mar 10].
8. Duncan JR, Byard RW. Sudden Infant Death Syndrome: An Overview.
SIDS Sudden Infant and Early Childhood Death: The Past, the
Present and the Future. Ch. 2. Adelaide (AU): University of Adelaide
Press; 2018. Available from: https://www.ncbi.nlm.nih.gov/books/
NBK513399/. [Last accessed on 2020 Mar 10].
9. Jelenc KE. Effects of bipedal infant carrying on pelvic-shoulder
kinematics and coordination. Unpublished Mastersthesis. University of
Cincinnati; 2013.
10. Kramer PA. The costs of human locomotion: maternal investment in
child transport. Am J Phys Anthropol 1998;107:71-85.
11. Wall-Scheffler CM, Geiger K, Steudel-Numbers KL. Infant carrying:
the role of increased locomotory costs in early tool development. Am J
Physical Anthropol 2007;133:841-6.
12. Watson JC, Payne RC, Chamberlain AT, Jones RK, Sellers WI. The
energetic costs of load carrying and the evolution of bipedalism. J Hum

Nigerian Journal of Medicine ¦ Volume 29 ¦ Issue 3 ¦ July-September 2020

497

Ojukwu, et al.: Load position on the trunk during infant carrying
Evol 2008;54:675-83.
13. Stuempfle KJ, Drury DG, Wilson AL. Effect of load position on
physiological and perceptual responses during load carriage with an
internal frame backpack. Ergonomics 2004;47:784-9.
14. Singh E. The Effects of Various Methods of Infant Carrying on the
Human Body and Locomotion. Dissertation, University of Delaware;
2009. Available from: http://udspace.udel.edu/handle/19716/4373.
[Last accessed on 2020 Mar 13].
15. Lu ́cia DJ, Lia QA, Alexandre SI, Marcos D. Effects of transporting an
infant on the posture of women during walking and standing still. Gait
Posture 2015;41:841-6.
16. Hong Y, Li JX, Brüggemann GP. Influence of backpack weight on
biomechanical and physiological responses of children during treadmill
walking. Routledge Handbook of Biomechanics and Human Movement
Science. Taylor & Francis group, CRC Press, United Kingdom; 2010.
p. 459-71.
17. Orloff HA, Rapp CM. The effects of load carriage on spinal curvature
and posture. Spine (Phila Pa 1976) 2004;29:1325-9.
18. Vincent R, Hocking C. Factors that might give rise to musculoskeletal
disorders when mothers lift children in the home. Physiother Res Int
2013;18:81-90.
19. Mbada CE, Adebayo O, Olaogun M, Johnson O, Ogundele A, Ojukwu C,
Afolabi K. African infant carrying techniques: which is a preferred
mother-friendly method? Paper presented at: World Confederation for
Physical Therapy Congress. Cape Town, South Africa; July 2017.
20. Santos HE, Marziale MH, Felli VE. Presenteeism and musculoskeletal
symptoms among nursing professionals. Rev Lat Am Enfermagem
2018;26:e3006.
21. Ojukwu CP, Okafor JC, Chukwu SC, Anekwu EM, Okemuo AJ.
Evaluation of selected cardiopulmonary and perceived exertion responses
to four infant carrying methods utilised by African Mothers. J Obstetr
Gynaecol 2019;31:1098-103. [doi: 10.1080/01443615.2019.1606170].
22. Wall-Scheffler C, Geiger K, Steudel K. Infant caring: the role increased
locomotion costs in early tool development. Am J Physical Anthropol
2002;133:841-6.
23. Wu CY, Huang HR, Wang MJ. Baby carriers: a comparison of traditional
sling and front-worn, rear-facing harness carriers. Ergonomics
2017;60:111-7.
24. Bobet J, Norman RW. Effects of load placement on back muscle activity
in load carriage. Eur J Appl Physiol Occup Physiol 1984;53:71-5.
25. Macias BR, Murthy G, Chambers H, Hargens AR. Asymmetric loads
and pain associated with backpack carrying by children. J Pediatr
Orthop 2008;28:512-7.
26. Richardson D, Wing S, Steenland K, McKelvey W. Time-related aspectsof
the healthy worker survivor effect. Ann Epidemiol 2004;14:633-9.
27. Chevrier J, Picciotto S, Eisen EA. A comparison of standard methods
with g-estimation of accelerated failure-time models to address the

498

28.
29.
30.

31.

32.

33.

34.

35.

36.
37.

38.

39.
40.

healthy-worker survivor effect: application in a cohort of autoworkers
exposed to metalworking fluids. Epidemiology 2012;23:212-9.
Rehman S, Rehman A. Physiology, Coronary Circulation. StatPearls.
Treasure Island (FL): StatPearls Publishing; 2019.
Holewijn M. Physiological strain due to load carrying. Eur J Appl
Physiol Occup Physiol 1990;61:237-45.
Hong Y, Li J, Bruggemann G. Influence of backpack weight on
biomechanical and physiological responses of children during treadmill
walking. In: Hong Y, Bartlett R, editors. Handbook of Biomechanics
and Human Movement Science. New York, NY: Routledge; 2008.
p. 459-71.
Lidstone DE, Stewart JA, Gurchiek R, Needle AR, van Werkhoven H,
McBride JM. Physiological and biomechanical responses to prolonged
heavy load carriage during level treadmill walking in females. J Applied
Biomechanics 2017;4:1-27.
Kirk J, Schneider DA. Physiological and perceptual responses to
load-carrying in female subjects using internal and external frame
backpacks. Ergonomics 1992;35:445-55.
Kubota S, Endo Y, Kubota M, Shigemasa T. Assessment of effects of
differences in trunk posture during Fowler’s position on hemodynamics
and cardiovascular regulation in older and younger subjects. Clin Interv
Aging 2017;12:603-10.
Alessandro C, Sarabadani Tafreshi A, Riener R. Cardiovascular
responses to leg muscle loading during head-down tilt at rest and after
dynamic exercises. Sci Rep 2019;9:2804.
Chow DH, Kwok ML, Au-Yang AC, Holmes AD, Cheng JC,
Yao FY, et al. The effect of load carriage on the gait of girls with
adolescent idiopathic scoliosis and normal controls. Med Eng Phys
2006;28:430-7.
Singh T, Koh M. Effects of backpack load position on spatiotemporal
parameters and trunk forward lean. Gait Posture 2009;29:49-53.
Devroey C, Jonkers I, de Becker A, Lenaerts G, Spaepen A. Evaluation
of the effect of backpack load and position during standing and
walking using biomechanical, physiological and subjective measures.
Ergonomics 2007;50:728-42.
Obusek JP, Harman EA, Frykman PN, Palmer CJ, Bills RK. The
relationship of backpack center of mass location to the metabolic cost of
load carriage 1170. Med Sci Sports Exercise 1997;29:205.
Legg SJ, Mahanty A. Comparison of five modes of carrying a load close
to the trunk. Ergonomics 1985;28:1653-60.
Kim K, Kim C, Oh DW. Effect of backpack position on foot weight
distribution of school-aged children. J Physical Therapy Sci
2015;27:747-9.

Nigerian Journal of Medicine ¦ Volume 29 ¦ Issue 3 ¦ July-September 2020

