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Abstract 

Introduction: Due to the significant risk of falls caused by overcoming obstacles, extensive research has focused on lower extremity movements 
to develop fall prevention strategies. So this study was conducted to identify kinematic analysis of gait during obstacle crossing in middle-aged 
women. Materials and Methods: The study population consisted of healthy middle-aged women aged 55 to 64 years old from the city of Tehran. 
The minimum sample size was determined to be 24 individuals using G-power software. Angles of lower limb joints were collected using 
movement analysis cameras during normal gait and obstacle crossing and F point was measured which is when big toe of one's left foot is at the 
greatest vertical distance from the ground. Paired-Sample T-Test was used with SPSS software version 22 at significant level of P≤0.05 for further 
statistical analysis. Results: At F point, the ankle and knee joint angles of both the right and left legs decreased significantly when crossing the 
obstacle compared to normal gait. In addition, Fpoint analysis showed a significant decrease in the hip joint angle of the right leg and a significant 
increase in the hip joint angle of the left leg. Conclusion: The observed kinematic changes indicate that obstacle navigation involves complex 
motor adjustments necessary to maintain balance and stability. Therefore, training and rehabilitation programs should address these 
adaptations by incorporating exercises to improve joint angles and minimize the risk of falls. 
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Introduction 
Upon entering the fourth decade of life, the function of joints and 
muscles undergo changes and people face a gradual decrease in 
muscle strength. In middle-aged people, like the elderly, falls mainly 
occur during walking, the main reasons are staggering, walking, and 
crossing obstacles (1, 2). Crossing obstacles during movement 
represents as a significant fall risk factor (3-5), and has led to 
extensive research into the kinematics of lower extremities 
movement in this activities (6-15). Understanding the mechanics of 
the locomotors system during obstacle-crossing is crucial for 
developing effective fall-prevention strategies and injury prevention 
programs tailored to different age groups and populations. 

Earlier studies have primarily centered on young adults, offering 
foundational insights into the biomechanics of lower limb movement 
and control during obstacle crossing. These investigations have 
employed kinematic analyses to examine the movement patterns of 
both leading and trailing limbs when crossing obstacles of different 

heights (6, 8-11, 14-16). Key parameters such as foot clearance, foot-
obstacle distances, and intersegment coordination have been 
explored to understand the precise control mechanisms involved in 
successful obstacle negotiation. 

Middle-aged adults are increasingly recognized as a population 
at risk of falling, yet their specific gait dynamics and strategies 
during obstacle crossing have not been extensively studied. Stability 
during gait, particularly in challenging situations like obstacle 
crossing, depends on several factors including lower limb strength, 
the sense of proprioception, balance control, and the ability to 
coordinate movements effectively (17). Age-related declines in 
muscle strength, joint flexibility, and sensory feedback mechanisms 
can impair the mentioned factors, leading to an increased risk of 
instability and falls (18, 19). In elderly, falling can lead to serious 
problems like hip fractures, hospitalization, soft tissue injuries, and 
heightened disability (20). These risks highlight the importance of 
studying gait balance and obstacle negotiation in middle-aged 
adults to reduce future falls and injuries. 
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However, the applicability of these findings to middle-aged 
adults, who experience physiological changes that affect postural 
stability, remains uncertain. Falls are a major contributor to 
injuries and deaths in older adults, primarily due to the age-
related decline in gait stability (21-23). Middle-aged adults are 
considered healthy compared to their older peers, but as they 
age, they gradually develop physiological changes that can 
compromise their ability to maintain balance during dynamic 
tasks such as obstacle crossing.(23-26).  

Despite the potential vulnerability of middle-aged adults for 
falling (24-26), there is a paucity of research focused specifically 
on their gait stability during obstacle crossing compared to older 
adults (27-30). Although preliminary comparisons may not 
show significant differences in gait stability between middle-
aged and young adults (31), the effects of age and aging on 
neuromuscular coordination and balance modulation during 
complex activities such as obstacle crossing remain unknown.  

This study aims to bridge this gap by conducting a detailed 
analysis of sagittal plane joint kinematics during both normal 
gait and obstacle crossing in middle-aged women. This study 
builds upon existing research methodologies used in younger 
adults and extends them to middle-aged women, who may face 
unique challenges due to age-related changes in muscle strength, 
joint flexibility, and balance control. Successful obstacle crossing 
requires coordinated efforts of the swing limb to clear obstacles 
and the stance limb to maintain stability, posing significant 
demands on neuromuscular coordination and joint mobility(6, 
8-12, 14-16).Through comprehensive kinematic analyses, this 
research tries to clarify that how middle-aged women adapt their 
gait patterns and joint movements during obstacle crossing, 
compared to younger adults and potentially older adults. In 
conclusion, this study addresses a critical gap in current 
literature by focusing on the kinematic analysis of gait during 
obstacle crossing in middle-aged women. By enhancing our 
understanding of the biomechanical factors influencing gait 
stability in this demographic, this research aims to contribute 
valuable insights that can ultimately enhance quality of life and 
reduce the incidence of falls among middle-aged adults. 

Materials and Methods 

This research is a semi-experimental study using the impact 
evaluation model (causal-comparative) and pre-test-post-test design. 
The statistical population of this research comprised healthy middle-
aged women aged 55 to 64 years from Tehran. The minimum sample 
size using G-power software, considering a statistical power of 0.8 and 
an effect size of 0.25 at a significance level of 0.05 was determined to 
be 24 individuals. The sampling method was randomly available. 

All participants were coordinated a few days before the start of 
the research regarding the steps of implementing the training 
protocol and were comprehensively informed about the 
experimental methods, research objectives, and safety protocols. 
After they declared their consent to participate in the research, 
consent forms were completed by them. To prevent relative motion 
errors, the participants used special clothing designed to reduce 
these errors. Demographic characteristics of the participants, 
including age, time since surgery, the leg operated on, as well as 
height and weight, were recorded and analyzed. Then, passive 
markers were placed on the limbs based on the marker-based 
motion capture.38 passive markers and the Plug-in-Gait method 
are used to record the spatiotemporal data of markers and lower 
limb kinematics. According to Figure 1, 4 markers are used to 
determine the local coordinates of the pelvics. Two markers are 
placed on the posterior superior iliac crest and the other two 
markers are placed on the anterior superior iliac crest. Also, the 
spatial coordinates of these 4 markers and anthropometric data, 
according to the proposed model in Visual 3D software, are used to 
predict the hip joint center for both left and right joints. Two 
clusters, each with 4 markers, are used on the thighs to create the 
local coordinate system of the thigh organ. These markers are 
placed in the vertical direction and in the sagittal plane. Leg clusters 
are also used to create a local coordinate system for the leg. These 
clusters, like the leg cluster, are placed vertically and in the sagittal 
plane. Using the markers on the leg, the local coordinates of the leg 
were determined. These indicators include the indicator on the heel, 
the indicator in line with the fifth toe and the indicator between the 
big toe and the second toe. In this study, the data collection process 
included four stages: system setup, subject preparation, data 
recording method, and data processing. 

To determine joint angle, ten-camera motion analysis 
systems from the UK (with a recording rate of 100 Hz) were used 
to track the motion of the lower limb segments while crossing 
obstacles. Given the significance of the dominant leg in obstacle 
crossing (31-33), and considering that all participants in this 
study were left-leg dominant an entry criterion for this test each 
subject’s right leg was positioned before the obstacle, while the 
left leg was tasked with crossing a 40 cm barrier. This setup 
aimed to assess the joint angle data of both the leading (left) and 
supporting (right) legs at the critical stage of facing obstacles. 
Subjects were instructed to walk along the laboratory's 
longitudinal axis at a self-selected pace, maintaining a natural 
gait as they approached and crossed the barrier, which was set at 
a uniform height of 40 cm for all participants. To standardize the 
conditions affecting walking manner, all subjects walked 
barefoot (without shoes). This measure ensured that the results 
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Table 1. Mean (SD) of Demographic Characteristics of the Subjects 
Mean (SD) Variable 
59.31 (3.07)  Age (year) 

157.91 (0.03) Height (cm) 
67.3 (8.66) Weight(kg) 

27.02 (3.65) BMI (kg/m2) 
 

Table 2. Comparison of F point angle of lower limb joints 

P-Value t Degrees of 
freedom (df) 

Mean 
Difference Mean (SD) Gait Variable 

0.01 14.01 23 5.415 91.950 (8.16)  Normal Right 
Ankle 86.53 (8.03) Obstacle 

0.01 6.189-  23 6.82-  85.37 (8.01) Normal Left 92.19 (10.07) Obstacle 

0.01 5.61 23 3.00 1.083-  (0.09 Normal Right 
Knee 4.085-  (0.35 Obstacle 

0.01 21.91 23 73.164 24.038-  (2.16 Normal Left 97.202-  (10.05 Obstacle 

0.014 2.61-  23 2.069-  0.882 (0.06 Normal Right 
Hip 2.951 (0.03 Obstacle 

0.001 18.26-  23 47.795-  32.668 (2.08 Normal Left 80.463 (7.86 Obstacle 
 

were independent of the type of shoes or clothing, limiting the 
influence of these external factors in data analysis for angles of 
the lower limb joints. F point is the moment when the big toe of 
one's left foot is at the greatest vertical distance from the ground, 
which usually causes one to fall when crossing obstacles. 

Descriptive and inferential statistical methods were used to 
analyze the data of this research. Descriptive statistics were used 
to analyze descriptive indices such as frequency, frequency 
percentage, mean, and standard deviation. To check the 
normality of data distribution, the Shapiro-Wilk test was used. 
In the inferential statistics section, to analyze the data, a Paired-
Sample T-Test was used with SPSS software version 22 (IBM, 
New York, USA) at the significance level of P ≤ 0.05. 

Results 

In Table 1, the demographic characteristics of the participants 
are shown. The independent t-test showed that there is no 
significant difference in age (59.31±3.07 year), height 
(157.91±0.03 cm), weight (67.3±8.66 kg), and body mass index 
(BMI) (27.02±3.65) among the subjects. 

Also, according to Shapiro-Wilk test results, research 
variables had normal distribution. In order to investigate the 
changes in the range of motion of the lower limb joints when 
crossing the obstacle compared to normal gait in middle-aged 
women, the F point of the angle was compared in the three joints 
of the ankle, knee and thigh in the right leg. 

Table 2 shows the comparison of F point ankle joint angle 
during normal gait and when crossing an obstacle.  According 
to the results, a significant decrease in the F point of the ankle 
joint angle was observed in the right leg when crossing the 
obstacle compared to normal gait (P=0.01, t=14.01).A 
significant increase in the F point of the ankle joint angle was 
observed when crossing the obstacle in the left leg compared to 
normal gait (P=0.01, t=6.189) too. 

According to the results, a significant decrease in the F point 
of the knee joint angle was observed when crossing the obstacle 
in the right leg compared to normal gait (P=0.01, t=5.61). A 
significant decrease in the F point angle of the knee joint angle 
was observed when crossing the obstacle in the right leg 
compared to normal gait (P=0.01, t=21.91). 

According to the results, a significant decrease in the F point 
of the hip joint angle was observed when crossing the obstacle in 
the right leg compared to normal gait (P=0.014, t=5.61). A 
significant increase in the F point of the hip joint angle was 
observed when crossing the obstacle in the left leg compared to 
normal gait (P=0.014, t=-18.26). 

The SPM (Statistical Parametric Mapping) diagram provides 
compares the right knee joint angles during normal gait (red 
line) and obstacle gait (black line). 

SPM analysis shows that there are statistically significant 
differences (about 80-100%) between normal and resistance 
walking towards the end of the gait cycle regarding the angles of 
the right ankle joint (Figure 1).Around 80% (P=0.003) and 100% 
(P=0.001) of the gait cycle there is a significant difference  
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Figure 1. SPM diagram of right ankle joint angle 
 

Figure 2. SPM diagram of left ankle joint angle 
 

between ankle angles during obstacle and normal gait. These 
findings suggest that during obstacle navigation, the angle of the 
right ankle in the latter part of the gait cycle is significantly 
different from its normal gait pattern. This may reflect the 
adaptations or compensations of ankle motion required to 
navigate the obstacle. 

In Figure 2 the SPM analysis indicates that there are 
statistically significant differences in left ankle joint angles 
between normal gait and obstacle gait at two key points in the 
gait cycle. Around 20% (P<0.001) and 50% (P<0.001) of the Gait 
Cycle, there is a significant difference in ankle angles during 
obstacle and normal gait. These findings suggest that when 
navigating an obstacle, the left ankle joint angle significantly 
deviates from its normal gait pattern at these specific points in 
the gait cycle. This could reflect different phases of the gait cycle 
where the ankle's movement is adjusted to accommodate the 
presence of an obstacle. Significant differences between normal 
and obstacle gait at approximately 20% and 50% of the gait cycle. 
Indicates biomechanical adjustments or functional adaptations 
in left ankle joint behavior during obstacle navigation. 
Understanding these differences could be crucial for designing 
interventions or assistive devices aimed at improving gait safety 
and efficiency in environments with obstacles. 

In Figure 3 the SPM analysis indicates that there are 
statistically significant differences in right knee joint angles 
between normal gait and obstacle gait at two key points in the 
gait cycle. Around 10% (P=0.0003) and 80% (P<0.001) of the 
Gait Cycle, there is a significant difference in knee angles during 
obstacle and normal gait. These findings suggest that when 
navigating an obstacle, the right knee joint angle significantly 
deviates from its normal gait pattern at these specific points in 
the gait cycle. This could reflect different phases of the gait cycle 
where the knee's movement is adjusted to accommodate the 
presence of an obstacle. Significant differences between normal 
and obstacle gait at approximately 10% and 80% of the gait cycle. 
Indicates biomechanical adjustments or functional adaptations 
in right knee joint behavior during obstacle navigation. 

In Figure 4 the SPM analysis indicates that there are 
statistically significant differences in left knee joint angles 
between normal gait and obstacle gait at two key points in the 
gait cycle. Around 10% (P=0.0001) and 45% (P<0.001) of the 
Gait Cycle, there is a significant difference in knee angles during 
obstacle and normal gait. These findings suggest that when 
navigating an obstacle, the left knee joint angle significantly 
deviates from its normal gait pattern at these specific points in 
the gait cycle. This could reflect different phases of the gait cycle  
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Figure 3. SPM diagram of right knee joint angle 
 

Figure 4. SPM diagram of left knee joint angle 
 

where the knee's movement is adjusted to accommodate the 
presence of an obstacle. Significant differences between normal 
and obstacle gait at approximately 10% and 45% of the gait cycle. 

In Figure 5 the SPM analysis indicates that there are 
statistically significant differences in right hip joint angles 
between normal gait and obstacle gait at two key points in the 
gait cycle. Around 20% (P=0.001) and 70% (P<0.016) of the Gait 
Cycle, there is a significant difference in hip angles during 
obstacle and normal gait. These findings suggest that when 
navigating an obstacle, the right hip joint angle significantly 
deviates from its normal gait pattern at these specific points in 
the gait cycle. This could reflect different phases of the gait cycle 
where the hip's movement is adjusted to accommodate the 
presence of an obstacle. Significant differences between normal 
and obstacle gait at approximately 20% and 70% of the gait cycle. 

In Figure 6 the SPM analysis indicates that there are 
statistically significant differences in left hip joint angles 
between normal gait and obstacle gait at two key points in the 
gait cycle. Around 20% (P=0.001) and 70% (P<0.001) of the Gait 
Cycle, there is a significant difference in hip angles during 
obstacle and normal gait. These findings suggest that when 
navigating an obstacle, the left hip joint angle significantly 
deviates from its normal gait pattern at these specific points in 

the gait cycle. This could reflect different phases of the gait cycle 
where the hip's movement is adjusted to accommodate the 
presence of an obstacle. Significant differences between normal 
and obstacle gait at around 15% and 55% of the gait cycle. 

Discussion 

Due to the limited focus on lower limb joint angles during both 
unhindered and obstacle walking in existing research, we aimed 
to investigate the movement strategies of elderly women using 
lower limb joint angle kinematics during obstacle walking at the 
F point time. Our findings showed a significant decrease in the 
angles of the ankle and knee joints in both the right and left legs 
while crossing the obstacle. Specifically, the hip joint angle 
showed a significant decrease in the right leg and a significant 
increase in the left leg. 

These results show that crossing the obstacle affects the 
range of motion of the lower limb joints. Decreased ankle and 
knee joint angles during obstacle walking and natural conditions 
may be due to changes in muscle strength and endurance, while 
increased hip joint angles in the left leg could be due to greater 
muscle effort. Thus, middle-aged women adopt distinct 
kinematic strategies to successfully cross obstacles. Various  
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Figure 5. SPM diagram of right hip joint angle 
 

Figure 6. SPM diagram of the left hip joint angle 
 

 
factors can cause changes in the range of motion of lower limb 
joints in middle-aged women when crossing an obstacle. These 
changes may result from decreased flexibility, reduced muscle 
strength, alterations in balance and stability, and physiological 
and biomechanical changes due to aging (27, 34, 35). Research 
indicated that aging decreases the flexibility of the ankle joint, 
leading to movement limitations and reduced motor ability (36, 
37). The significant decrease in the hip joint angle in the right 
leg and its increase in the left leg suggest different movement 
strategies between the two legs. These differences may arise from 
compensatory mechanisms and the body's effort to maintain 
stability (38). Essentially, the increased hip joint angle in the left 
leg may compensate for the decreased angle in the right leg. 
These findings are align with previous studies showing that each 
leg can adopt different strategies in the face of obstacles (39). 

Muir et al. (40) found that the ankle and knee joint angles 
significantly change in both the right and left legs when crossing 
an obstacle compared to normal gait. Additionally, they reported 
a notable decrease in the hip joint angle in the right leg and a 
significant increase in the left leg. Supporting this, Chuyi et al. (41) 
examined the range of motion of lower limb joints in middle-aged 
women during obstacle crossing. Their study showed significant 

changes in the range of motion of these joints, demonstrating that 
crossing an obstacle can substantially impact the range of motion 
of lower limb joints in middle-aged women. 

These findings suggest that obstacle crossing induces distinct 
biomechanical adaptations in the lower limbs. Decreasing the 
ankle and knee joint angles in both legs may be a self-made 
strategy to reduce the risk of falling, as the reduced angle can 
contribute to a more stable and controlled movement pattern. 
Contrasting behavior of the hip joint between the right and left 
legs indicates asymmetric adjustments, possibly due to changes in 
muscle strength, coordination, or preference for use of the 
dominant leg. The decrease in ankle and knee joint angles 
observed during obstacle crossing is consistent with previous 
research. Studies showed that people decrease their joint angles to 
achieve a more conservative walking pattern, thereby increasing 
stability and control when crossing obstacles (42). These 
adaptations are believed to be protective mechanisms aimed at 
preventing falls and ensuring safe passage over obstacles. 
However, the changes in hip joint angles between the right and 
left legs offer new insights. Although some studies have noted 
asymmetric limb behavior during walking (42, 43), the significant 
increase in the left thigh angle compared to the right side 
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represents a unique adaptive strategy in response to obstacle 
crossing. This finding may be attributed to individual variations 
in motor control, limb dominance, or compensatory mechanisms 
due to previous injuries or inherent biomechanical differences. 

Previous research with similar findings and high validity can 
support these results, though some studies may present different 
outcomes. Such discrepancies might be due to variations in 
sampling, methodology, tools used, or differences in the age and 
conditions of the participants, which can lead to diverse results 
across studies. It is important to note that this research was 
conducted with only 24 samples of middle-aged women, so its 
findings cannot be generalized to the entire population of 
middle-aged women. To confirm or reject the proposed 
hypothesis, further and more extensive research is needed with 
appropriate sampling and consideration of other factors such as 
test conditions and the population under investigation. 

Understanding these biomechanical changes is crucial for 
developing effective rehabilitation protocols, exercise training 
programs, and fall prevention strategies. For instance, targeted 
exercises aimed at enhancing the strength and flexibility of the 
ankle and knee joints can improve stability during obstacle 
crossing and lower the risk of falls in older adults. In sports 
training, recognizing the asymmetry in hip joint angles between 
the right and left legs can aid in creating balanced training 
programs that address these imbalances, enhance overall 
performance, and reduce the risk of injuries. 

Conclusion 
This study showed significant biomechanical adaptations in the 
lower extremities during obstacle crossing, including notable 
reductions in ankle and knee joint angles and asymmetrical 
changes in hip joint angles. These findings enhance our 
understanding of human movement strategies and have practical 
implications for improving safety and functions across different 
populations. Future research should investigate the factors 
contributing to these asymmetrical adaptations and their effects 
on overall movement efficiency and injury prevention. The 
observed kinematic changes suggest that navigating obstacles 
involves complex motor adjustments crucial for maintaining 
balance and stability. Therefore, training and rehabilitation 
programs should consider these changes, incorporating exercises 
that improve joint angles and reduce the risk of falling. Enhancing 
mobility strategies can effectively reduce the risk of falling and 
improve overall quality of life in people. 
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