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INTRODUCTION 

The act of carrying a baby literally places our future in the 

hands of the mother. In the past, carrying a baby might have 

been a selective pressure that led to the evolution of 

bipedalism in ancestral hominids [1,2]. Despite that, studies 

about the biomechanics of such an act are very scarce; the few 

studies found were concerned with the energy expenditure and 

investigated women carrying dummies in place of living 

babies [1,2]. In view of that, the goal of this study is to 

investigate the effects on the mother of carrying a baby in 

front, focusing on the spinal curvature and the displacement of 

the body’s center of gravity. Two interests motivate us in this 

study: to determine the biomechanical demands of the task so 

as to better understand potential health problems in actual 

mothers and to determine the key characteristics of this task 

and of the mothers that might help us to understand the 

evolution of bipedalism. 

 

 

METHODS 

Twenty-one mothers and 44 women who didn’t have children 

(non-mothers), all without any musculoskeletal problems, 

participated in this study. We selected mothers with children 

of approximately 10kg weight. As result, the mean (±1 

standard deviation, SD) weight of the children was 9.7±1.2 kg 

with a mean age of 11±5 months. The mean age, weight, and 

height of the mothers were 31±5years, 60±11 kg, and 

1.62±0.06 m, respectively. For the non-mothers group, the 

mean age, weight and height of the mothers were 29±3 years, 

59±8 kg, and 1.66±0.08, respectively. 

 

All the women were asked to complete two tasks: (1) walking 

straight on a plane floor at a comfortable speed and (2) 

standing still and upright for 30s. For both tasks there were 

three conditions for the mothers group: (a) carrying nothing 

(no load), (b) carrying her baby (baby), and (c) carrying a doll 

with the same weight as her baby and with 50-cm height 

(doll). The non-mothers group performed only the no-load and 

doll (with 10kg) conditions. The baby or doll was always 

carried at the front of the trunk with both arms. The women 

performed 10 trials of walking for each condition and only one 

trial of upright standing still. While the women performed the 

tasks, we measured the position of surface markers placed on 

anatomical landmarks of the spine, pelvis, shoulder, and feet 

with a 3D movement analysis system (Vicon 460, Vicon Inc.) 

operating at 60 Hz and the ground reaction forces and 

moments with two force plates (OR6, AMTI Inc.) embedded 

in the floor operating at 120 Hz. 

 

To calculate the spinal curvature, we employed the marker set 

and protocol proposed by Frigo et al. (2003) [3] which 

calculates 2D projection angles based on three points for each 

region and plane of interest. We calculated the pelvic 

ante/retroversion, obliquity, and rotation angles; and the 

following angles for the spine: thoracic kyphosis, lumbar 

lordosis, proximal and distal curvatures of the spine at the 

frontal plane (related to scoliosis), and flexion/extension of the 

trunk. For each walking trial we analyzed one stride cycle, 

defined as the events between two successive strikes of the 

right foot on the floor. 

For the upright standing still task, the women stood on the 

force plate and we estimated the position of the vertical 

projection (at the horizontal plane) of the body’s center of 

gravity (COGv) from the force plate center of pressure 

displacement employing a low-pass filter algorithm. In order 

to compare how much the COGv position was changed across 

conditions, we calculated the mean displacement in the 

anterior-posterior direction of the COGv in relation to the 

mean position of the marker at the L3 vertebrae (lumbar 

region). A positive value means that the COGv is displaced 

forward in relation to the L3 marker position. All these 

calculations were performed using custom programming 

implemented in Visual3D (C-Motion Inc.) and Matlab 

(Mathworks Inc.). Each time series of these angles for the 

stride cycles was normalized in time from 0% to 100% in 

steps of 1%. These cycles were then averaged across trials to 

obtain the mean cycle for each woman and the same process 

was repeated to obtain the mean and SD cycle among women 

for each condition and each group. Next, we will report only 

the results for the group of mothers (the results for the non-

mothers group were very similar). To determine the effect of 

the factor condition on each calculated angle we compared the 

mean angle across the whole time series. We also looked at 

the effect of the factor condition on the mean position of the 

COGv. This effect was determined by an ANOVA (1x3) on 

each dependent variable and t-tests with Bonferroni correction 

for multiple comparisons as post hoc. The significance level 

adopted for all statistical tests was 0.05. 

 

 

RESULTS AND DISCUSSION 

The mothers exhibited consistent patterns for all pelvic and 



spinal angles across the different conditions during one stride 

cycle of walking (see Figure 1). Regarding the mean angles, 

there was a main effect of load for the lordosis, trunk 

flexion/extension, and thoracic kyphosis (p’s<0,001). When 

carrying a baby or doll in comparison with not carrying 

anything, mothers increased their mean lordosis (no-load: 

16±2º; baby: 26±2º; doll: 24±2º; p’s<0,001), increased their 

mean trunk extension (no-load: -6±1º; baby: 4±1º; doll: 2±1º, 

p’s<0,001), and increased their thoracic kyphosis (no-load: 

25±2º; baby: 29±2º; doll: 30±1º, p’s<0,001). There wasn’t any 

difference between the baby and doll conditions. 

 

 
 

Figure 1: Mean (±1SD) time series across subjects for each 

condition of the pelvic and spinal angles during one stride 

cycle of walking. N=21. 

 

Regarding the mean displacement of the COGv in the anterior-

posterior direction during upright standing still (see Figure 2), 

we also observed a main effect of load. Carrying a baby or 

doll in comparison with not carrying anything, mothers 

displaced the COGv forward in relation to the L3 vertebrae 

position (no-load: 7.1±1.3 cm; baby: 9.2±1.5 cm; doll: 9.3±1.7 

cm; p’s<0,001). Again, there wasn’t any difference between 

the baby and doll conditions for the COGv displacement. 
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Figure 2: Mean values and their boxplots of the COGv 

position in relation to the marker at the L3 vertebrae at the 

anterior-posterior direction for the three conditions. N=21. 

Similar changes were found when the effect of breast size and 

of transporting other loads was investigated [4,5]. These 

findings are also consistent with another study which suggests 

that most of the compensatory movements during regular 

unloaded gait occur at the lumbar and thoracic regions [6]. In 

addition, we observed that most of the change occurs at the 

lumbar spine rather than at the thoracic region. This result 

might be explained by the fact that the lumbar region presents 

greater mobility than the thoracic region and performing 

adjustments at the lumbar would be associated with a lower 

energetic cost [7]. The forward displacement of the center of 

gravity when carrying a baby in an upright standing position 

most probably leads to greater postural instability and mothers 

should devote special attention on performing such a task. 

 

 

CONCLUSIONS 

Carrying a baby in front produces significant changes on the 

spinal curvatures of the mothers while walking, mainly at the 

lumbar and thoracic regions at the sagital plane. The spinal 

curvatures seem to be a key feature in order to humans be able 

to carry things. 
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