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SUMMARY 

This study aimed to describe and compare the range of motion 

(ROM) and joint moments of force (Mf) of the lower limb and 

pelvis, in the sagittal plane, during gait performed by second 

trimester pregnant women carrying a 3kg load. Kinematic data 

was collected with an optoelectronic motion capture system 

(Qualysis, Ocqus 300) synchronized with two force platforms 

(Kistler AG, Winterthur, Switzerland) which registered 

ground reaction force values. It seems that pregnant women, 

when transporting an extra load, decrease the maximum 

plantar flexion angle in the ankle joint. With respect to the 

joint moments of force, there were higher ankle dorsiflexion, 

knee flexion and hip moments, in the extra load condition. 

 

INTRODUCTION 

Recent studies show that exercise is safe for both mother and 

foetus. The literature supports the recommendation to initiate 

or continue exercise in most pregnancies [1]. Several studies 

suggest that muscular dysfunction is associated with pelvic 

girdle pain, which should be taken into consideration when 

developing treatment strategies and preventive measures [2]. 

One of the preventive strategies for low back pain might be 

recreational exercise. Based on these considerations the 

quantification or estimation of the mechanical load on internal 

biological structures during physical activity in sports, 

recreational activity, daily life and at the workplace is a 

prerequisite for understanding injury and overload 

mechanisms and for controlling that physical activity [3]. 

Also, the quantification or estimation of the mechanical load is 

essential to understand how much we need to maintain and 

improve the morphological and functional quality of 

biological structures. However, compared to higher velocity 

values, pregnant women revealed difficulties in the pelvis and 

thorax coordination. Foti et al. [4] observed increases in the 

hip moments of force and power, in the frontal and sagittal 

planes, at the end of the second trimester of pregnancy. Huang 

et al. [5] compared data from pregnant women at different 

gestational stages, and concluded that during pregnancy, the 

hip extensor moment of force increased, while the knee 

extensor moment and ankle plantar flexor moment decreased. 

This study aimed to describe and compare the range of motion  

 

(ROM) and joint moments of force (Mf) of the lower limb and 

pelvis, in the sagittal plane, during gait performed by second 

trimester pregnant women carrying a 3kg load, which is a 

criteria value to overload the upper limbs during repetitive 

tasks characterized by cycles [6,7]. 

 

METHODS 

Five pregnant women (P) with 27 weeks (second trimester) 

mean gestational age; mean chronological age of 32 years and 

average BMI of 26.5 kg/m
2
 participate on the study. All 

participants gave informed consent to participate voluntarily in 

the study. Anthropometric data (weight and height) was 

collected from all the participants to calculate de body 

segments masses and inertia moments. Motion capture was 

performed with an optoelectronic system with twelve cameras 

Qualisys (Oqus-300), synchronized with two force platforms 

(Kistler AG, Winterthur, Switzerland) which registered 

ground reaction force data. The subjects performed three non-

consecutive minutes, walking at a comfortable speed, with a 

time break of thirty seconds between each trail and other three 

minutes carrying a 3kg load above the pelvis. This load 

consisted of one bottle of water of 1.5L placed in each hand. 

Reflective markers were placed on anatomical landmarks 

according to the defined marker setup protocol. All the 

markers coordinate data were interpolated using third degree 

polynomial and to reduce the noise the motion data was 

filtered, using a low pass Butterworth filter, with a cutoff 

frequency of 15 Hz. Due to skin movement, the markers move 

relatively to the bone, modifying the initial configuration and 

therefore reproducing noisy motion data. Moreover, the 

segments are considered linked rigid bodies and joints have 

six degrees of freedom, making them independent from each 

other and allowing more movement. Joint degrees of freedom 

were used in the Inverse Kinematics tool in order better 

approximate to real motion. Thus, all the joint rotations were 

allowed and restricted all the translations. Inverse dynamics 

method was used to calculate joint moments produced by the 

muscular action, requiring the estimated mass and inertia 

values, body segments linear and angular accelerations, as the 

data from external forces measured by the force plates. The 



joint torques calculation was performed using distal-proximal 

direction and during the left foot stance phase from the heel 

strike (heel touches the ground) to toe off (foot leaves of the 

ground), completing approximately 60% of gait cycle. To 

calculate ankle, knee and hip joint angles and moments of 

force, 3D biomechanical models were constructed, using 

Visual 3D C-Motion, Inc. software. The results are based on 

four cycles per subject. The average joint angles and moments 

curves in the sagittal plane were obtained for each participant 

as the mean curve for the two groups. Both angular 

displacement and moments of force data were normalized to 

time cycle. Moments of force were normalized to body mass. 

The comparison of means between two conditions was 

performed using the Paired Samples t test. Statistical tests 

were performed using the software PAWS Statistics 18.0. 

 

RESULTS AND DISCUSSION 

Similarly to the results found in literature, the stance phase 

was approximately 60% of the total gait cycle [8]. The cycle 

time was similar. However, the cycle length, speed, stance and 

swing phase recorded lower values for the weight carrying 

condition. Significant differences were found regarding the 

ankle plantarflexion angle (p=0.028), which revealed a lower 

value for the weight carrying condition.  

 

Table 1: Mean and standard deviation of the joint angles and 

range of motion in the sagittal plane and significance values 

obtained for the association tests. 

However, there were no significant differences for the other 

variables. Relatively to the ankle joint, the plantarflexion peak 

moment occurred during the early stance phase and was 

similar in both situations. Then the dorsiflexor moment 

increased as the body moves in the forward direction [8]. The 

dorsiflexion peak moment occurred at the dorsiflexion 

maximum angle in both conditions; nonetheless both variables 

were higher carrying the 3 kg weight. It was detected a lower 

plantar flexion angle, occurring already in the swing phase, 

immediately after the toe-off. The ankle joint range of motion 

was lower; however, the knee and hip joint range of motion 

showed higher values. Immediately after the first foot contact 

with the ground, there was a reaction vector anterior to the 

knee and hip joints, producing during the stance initial phase 

an extensor moment, which decreased with the alignment of 

this vector with the leg and thigh segments [8]. In the weight 

carrying condition, the maximum knee extension angle was 

lower, but the maximum hip flexion angle and peak moment 

of force were higher. However, the extensor peak moment was 

similar in both conditions.  

 

Table 2: Mean and standard deviation of the joint angles and 

range of motion in the sagittal plane and significance values 

obtained for the association tests. 

Mf (N.m/kg) P P_3kg p 

Left ankle    

   Dorsiflexion 

   Plantarflexion 

1.12±0.22 

-0.05±0.02 

1.17±0.26 

-0.05±0.04 

0.059 

0.429 

Left knee    

   Flexion 

   Extension 

0.37±0.06 

-0.18±0.12 

0.46±0.12 

-0.18±0.12 

0.131 

0.738 

Left hip    

   Flexion 

   Extension 

0.53±0.11 

-0.80±0.11 

0.64±0.20 

-0.86±0.21 

0.089 

0.289 

 

CONCLUSIONS 

The study shows a similar gait pattern between second 

trimester pregnant without carrying and carrying an extra load, 

in what concerns to the variables studied, despite sample size. 

It seems that pregnant women, when transporting an extra 

load, decrease the plantar flexion angle in the ankle joint, 

immediately after the swing phase. With respect to the joint 

moments of force, there were higher ankle dorsiflexion, knee 

flexion and hip moments, in the extra load condition. There 

was a tendency for higher joint moments in second trimester 

pregnant women, when they transport a 3 kg object. A 

limitation of this study may be related to the subject 

heterogeneity and sample size, which will be increased over 

the course of the project. 
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Joint angle (degrees) P P_3kg p 

Left ankle    

   Dorsiflexion 

   Plantarflexion 

   Range of motion 

9.18±8.05 

-10.50±7.48 

19.68±3.95 

9.55±8.01 

-8.71±6.91 

18.27±4.39 

0.076 

0.028 

0.062 

Left knee    

   Flexion 

   Extension 

   Range of motion 

60.95±4.75 

3.53±6.52 

57.42±9.88 

61.22±6.07 

2.17±5.23 

59.10±9.14 

0.811 

0.249 

0.250 

Left hip    

   Flexion 

   Extension 

   Range of motion 

44.97±3.47 

0.29±7.76 

44.68±6.91 

45.58±2.87 

0.26±7.12 

45.32±6.89 

0.147 

0.955 

0.264 

http://www.ncbi.nlm.nih.gov/pubmed/14583162?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/14583162?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18496334?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18496334?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://catalogo.bn.pt/ipac20/ipac.jsp?session=123N92458A328.225174&profile=bn&uri=link=3100018~!1287348~!3100024~!3100022&aspect=subtab13&menu=search&ri=2&source=~!bnp&term=International+Conference+on+Computational+Bioengineering%2C+2%2C+Lisboa%2C+2005&ind
http://catalogo.bn.pt/ipac20/ipac.jsp?session=123N92458A328.225174&profile=bn&uri=link=3100018~!1287348~!3100024~!3100022&aspect=subtab13&menu=search&ri=2&source=~!bnp&term=International+Conference+on+Computational+Bioengineering%2C+2%2C+Lisboa%2C+2005&ind

