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Obstacle Crossing Characteristics in the Healthy
Young Female and Elderly Female Subjects
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ABSTRACT

Objective: To investigate obstacle crossing characteristics in the young and the elderly subjects.

Methods: Twenty young and 20 elderly subjects were investigated for their obstacle crossing characteristics by using a 3D
motion analysis system. Markers were placed on the bony prominences of the feet and obstacles. Obstacle crossing charac-
teristics were determined with the obstacle crossing time, the vertical distance between toe and obstacle, and the maximum
vertical toe clearance. The main effects and interaction effect of age (young and elderly) and limb [leading limb (LL) and
trailing limb (TL)] were examined by two way analysis of variance. The obstacle crossing characteristics were also compared
in each condition by using Independent sample t-test and Paired t-test.

Results: There were main effects of the age and the limb on the obstacle crossing time. No interaction effect of the age and
limb was found in any variables. In each condition of age and limb, there was a significant difference (p<0.05) in the obstacle
crossing time between the limbs in both the young and the elderly. Furthermore, the vertical distance between toe and obstacle
between the LL and TL was found to be significantly different (p<0.05) in the young, but not in the elderly (p>0.05).
Conclusion: Age and limb were found to be the factors which related to the obstacle crossing time characteristic. The present

findings suggested that the TL’s clearance is critical and should pay more consideration for the elderly.
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INTRODUCTION

alling is one of the violent problems for elderly

people and considered as a major public health

concern which has provided motivation for re-
search into factors-related to alterations in gait and other
tasks." Slipping and tripping are the leading causes of
fall accidents which can happen in any person, especially
in the elderly who are over the age of 65 years.” Falling
can cause serious injuries such as back injury, paralysis,
fracture, head injury, and lead to disability or death.’

It is feasible that some parts of the foot contact with
an obstacle on the ground during walking which can result
in trip-related falls.” Age-related changes in the elderly
and gait characteristic alterations cause adjustment to their
walking pattern to avoid contact with an obstacle when
walking on the ground.
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To achieve the obstacle crossing task, people usually
estimate the obstacle characteristics by using visual, vesti-
bular, and other sensory receptors to adjust their gait
characteristics.”"” Obstacle crossing during walking is essen-
tially a multi-joint movement, requiring precise swing foot
control and a high level of inter-joint coordination of the
stance and swinging limbs. Body stability and motion
sequences are the factors necessary for coordination which
are important for the obstacle crossing achievement.''

During performance of this motion, the total body
center of mass has to be balanced on only one foot and
the contra-lateral foot has to swing to clear the toe over
an obstacle concurrently. Chou et al in 2003” investigated
postural balance in the elderly while performing the obstacle
crossing task, and they found that the elderly increased
their total body center of mass motion in the medio-lateral
direction. This indicated a compensatory adjustment in
the swinging limb for counter balance disturbance in the
frontal plane.

Some clinical researches, reported that the elderly
had more frequent contact the obstacle than the young
especially in the time-constrained condition."”" It has been
suggested to be the variable linked to tripping mechanism
because reduced toe clearance for a given step during walking



increases the susceptibility to tripping on an obstacle or
due to undetected changes in surface height."

In gait, an increase in the variability of toe clearance
was observed in the elderly compared to the young' and
increase in asymmetry of the left and right feet clearance
in the elderly when performing the dual task together."
However, for the obstacle crossing task, it is not clear
about the characteristic of the leading and trailing limbs
in the elderly compared to the young. Thus, the purpose
of this study was to investigate the kinematics of obstacle
crossing during walking in the elderly compared to the
young subjects.

MATERIALS AND METHODS

Subjects

Twenty healthy young female and 20 elderly female
subjects were assessed for their obstacle crossing charac-
teristics. The age of the young and the elderly were 20.90 +
0.91 years and 67.89 +6.60 years respectively. All subjects
were right leg dominant. Characteristics of the young and
the elderly groups are presented in Table 1.

All subjects voluntarily participated in the study.
The young were students from Mahidol University and
the elderly came from the elderly assembly of Salaya area.
They were explained the objectives, materials and methods,
and details of the research project. The inclusion criteria
were able to communicate and follow the data collecting
process, able to perform daily activity and walk without
using assistants or any orthotic devices, and no cogni-
tive problem screened by Thai Mental State Examination
(TMSE)." If subjects had any history of musculoskeletal
surgery in the lower limb, neurological problems, blind
or other vision problems which cannot be corrected by
lens, and pain at any area which influenced their postural
balance and gait, they were excluded from the study.

Procedures

The present study was performed in the Human
Motion Laboratory, Faculty of Physical Therapy, Mahidol
University, Thailand; and was approved by the Mahidol
University Institutional Review Board (MU-IRB 2009/
337.1712), Thailand. Researcher recorded demographic
data and assessed their cognitive status, active range of
motion, proprioceptive and exteroceptive sensations, and
lower extremity muscles strength. After that, anthropometric
data which included the height, weight, joint widths, and
leg lengths were measured for each participant. Spherical
markers were attached on both feet of the subjects at the
second metatarsal, lateral malleolous, calcaneous, and on
the obstacle. Prior to gait data collection, subjects prac-
ticed a 10-meter walk at their comfortable gait speed.
The subjects were asked to walk through the pathway
and cross the obstacle which was placed on the middle

TABLE 1. Subject characteristics (n=20 per group).

Variables Young Elderly
Mean SD Mean SD

Age (yr) 2090 091 67.89 6.60

Weight (kg) 50.50  6.25 59.00 10.53

Height (cm) 159.65  5.11 152.80 5.76

Gait speed .32 0.13 1.05 0.19

[no obstacle] (m/s)
Gait speed 1.12 0.17 0.83 0.14

[obstacle] (m/s)
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part of the walkway. Gait data were captured using 6
video cameras of the Vicon 612 (Oxford Metrics Ltd.,
Oxford, UK) at 100 Hz for kinematics and filtered by the
Butterworth filtering technique at 5 Hz. The obstacle’s
height was adjusted to be approximately one third of the
shank segment for each participant. The dominant side
of the legs was assessed by letting the subjects use their
foot and leg to perform tasks which included kicking a
ball, draw a figure of eight on floor, and point the foot.
All subjects in the present study were right leg dominant.
Therefore, the dominant right leg was assigned to be a
leading limb (LL) and the left leg then became the trailing
limb (TL) when they performed obstacle crossing. Thus,
the task was divided into the motions of the LL and TL.
A representative picture of the motion in the laboratory
has been illustrated in Fig 1.

Obstacle crossing variables

In the present study, we assessed the obstacle crossing
characteristics which consisted of the obstacle crossing time,
vertical distance between the toe and obstacle, and the
maximum vertical toe clearance. For the obstacle crossing
time, it is the time spent by each limb when crossing the
obstacle starting from toe off to heel strike. The vertical
distance between toe and obstacle was the distance between
the toe and the obstacle markers and was obtained when
the toe marker position was vertically furthest from the
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Fig 1. Representation of the obstacle crossing in the laboratory.

LL

Fig 2. Representation of the obstacle crossing in the laboratory,
D, Vertical distance between foot and obstacle, LL, Leading
limb, and TL, Trailing limb.
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TABLE 2. Comparisons of the variables between the LL and TL in the young (n=20) and the elderly (n=20) groups

Variables in the young

Obstacle crossing time (s)

Vertical distance between toe and obstacle (cm)
Maximum vertical toe clearance (cm)
Variables in the elderly

Obstacle crossing time (s)
Vertical distance between toe and obstacle (cm)
Maximum vertical toe clearance (cm)

Paired t-test

* Significant level at p<0.05

*#* Significant level at p<0.01

LL, leading limb; TL, trailing limb

obstacle position (Fig 2). The maximum vertical toe clear-
ance was the highest vertical distance of the toe marker
during crossing the obstacle which might have occurred
prior to or after or above the obstacle position.

Statistical analysis

All data were analyzed by SPSS version 18.0. Demo-
graphic characteristics of the subjects were analyzed
and presented by using descriptive statistics. Komogorov
Smirnov Goodness of Fit test was used for determining
the distribution of data and all data presented as normal
distributions. The effects of age (young and elderly) and
limb (LL and TL) and the interaction effect of age and
limb on the obstacle crossing characteristics were analyzed
by two way analysis of variance. Independent sample
t-test and Paired t-test were used for assessing the dif-
ferences between the young and the elderly in each limb
and between LL and TL in each age group respectively.

RESULTS

Effect of age, limb, and interaction effects to obstacle
crossing characteristics

An experiment was conducted to determine if the
age and limb affect the obstacle crossing characteristics
of the young and elderly. A two-way analysis of variance
found a main effect of age on the crossing time, F(1,76)=
30.039, p<0.05, indicating that the elderly spent more
time to cross the obstacle than the young. There was also
a main effect of the limb to the obstacle crossing time,
K(1,76)=5.690, p<0.05, indicating that the LL spent more

LL TL p-value
Mean SD Mean SD
0.52 0.07 0.50 0.05 0.023%*
16.42 6.24 12.66 6.67 0.001%**
29.68 6.58 30.13 7.19 0.475
LL TL p-value
Mean SD Mean SD
0.60 0.06 0.56 0.06 0.001%**
15.42 4.46 16.23 5.97 0.396
29.56 4.43 31.12 5.61 0.054

time to cross the obstacle than the TL. However, there was
no interaction effect of the age and limb to the obstacle
crossing time. In addition, there was no main effect and
interaction effect of the age and the limb to the remaining
variables; the vertical distance between toe and obstacle
and the maximum vertical toe clearance.

Table 2 demonstrates comparisons of the obstacle
crossing time, vertical distance between toe and obstacle,
and maximum vertical toe clearance of the LL and the
TL in the young and the elderly.

In the young group, the results demonstrated sig-
nificant differences of obstacle crossing time (p<0.05) and
vertical distance between toe and obstacle (p<0.05) between
the LL and TL. For the obstacle crossing time, it was
found that the LL spent more time than the TL. For the
vertical distance between toe and obstacle, the LL swang
over the obstacle higher than the TL. In addition, there
was no significant difference of the maximum vertical toe
clearance between LL and TL (p>0.05).

In the elderly group, there was only the obstacle
crossing time (p<0.05) which was found to be significantly
different between the LL and TL. Moreover, no signifi-
cant differences of the vertical distance between toe and
obstacle and the maximum vertical toe clearance were
found between LL and TL (p>0.05).

Table 3 demonstrates comparisons of the obstacle
crossing time, vertical distance between toe and obstacle,
and maximum vertical toe clearance between the young
and the elderly groups in the LL and TL.

Significant differences were found in the obstacle
crossing time both in the LL (p<0.05) and the TL (p<0.05)

TABLE 3. Comparisons of the variables between the young (n=20) and the elderly (n=20) groups in the LL and TL.

Variables in the LL

Obstacle crossing time (s)

Vertical distance between toe and obstacle (cm)
Maximum vertical toe clearance (cm)
Variables in the TL

Obstacle crossing time (s)
Vertical distance between toe and obstacle (cm)
Maximum vertical toe clearance (cm)

Independent sample t-test
*#* Significant level at p<0.01
LL, leading limb; TL, trailing limb
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Young Elderly p-value
Mean SD Mean SD
0.52 0.07 0.60 0.06  <0.001%*
16.42 6.24 15.42 446  0.565
29.68 6.58 29.56 443 0944
Young Elderly p-value
Mean SD Mean SD
0.50 0.05 0.56 0.06  0.002%*
12.66 6.67 16.23 597  0.083
30.13 7.19 31.12 5.61  0.631



between the young and elderly groups. Whereas, the vertical
distance between toe and obstacle and the maximum vertical
toe clearance were not different between young and elderly
groups either in the LL or TL (p>0.05).

DISCUSSION

Only effects of the age and the limb on obstacle
crossing time were found in the present study. For the ef-
fect of age (young and elderly) on obstacle crossing time,
the findings demonstrated that the elderly spent a longer
time to cross obstacles than the young in both LL and
TL. This is supported by previous studies'™" demonstra-
ting the adverse effect of age on response time to cross
an obstacle.

However, the vertical distance between toe and
obstacle and the maximum vertical toe clearance were
not different between the young and the elderly subjects.
Slower obstacle crossing could also provide more time for
adjusting the foot placement which related to the obstacle
for reducing the risk of tripping in the elderly.

For the effect of limb (LL and TL) on obstacle cross-
ing time, we found that the subjects spent longer time on
the LL than the TL to cross an obstacle. In the aspect of
the limb, it should be considered about the limb assign-
ment and the limb position during crossing an obstacle.
In the present study, we assigned the right dominant leg
to be the LL and the left then be the TL. Unlike general
movement, bipedal movement for the obstacle crossing
requires the limb for moving and the contra-lateral limb for
supporting concurrently and alternatively for progression.
The task demonstrated the difficulty of the body to support
and move the non-dominant limb over an obstacle. The
subjects had to quickly swing the non-dominant TL over
an obstacle to support the body stability in the next step.”
For the limb position, the present study investigated the
characteristics of obstacle crossing by letting the subjects
walk through the obstacle which was placed at the middle
path of the walkway. Prior to walking, the distance of the
starting position was adjusted until the step length was
near to the ordinary walking step of each individual. Thus,
the position of the foot placement and the acceleration of
walking can be cut off.

In the comparisons of the obstacle crossing variables
in each group, both the young and the elderly spent more
crossing time in the LL than the TL to cross an obstacle.
Moreover, only the young showed higher vertical distance
between toe and obstacle in the LL than the TL. In con-
trary, the elderly crossed the obstacle with similar distance
of the toe and obstacle between LL and TL. The lower
position of the TL during obstacle crossing in the young
was not surprising because the TL was the non-dominant
leg which may be harder for lifting over an obstacle than
the dominant leg. Other possible causes may be explained
by the unintentional trailing motion which could be con-
sidered as a normal pattern of healthy young adults. This
finding supported the degree of attention demanded which
found that the young were able to preserve their postural
balance when performing a complex task.” In contrast,
the elderly seemed to use more energy for toe clearance
during crossing an obstacle. Previous research' sug-
gested that the musculoskeletal system may have specific
strategies to control the swinging foot with sufficient toe
clearance. Previous research also reported that the elderly
had more difficulty than did younger adults in employing
the long-step crossing strategy.” Other possible reason for
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the difficulty of the TL to cross obstacles may result from
the loss of visual cues. Thus, there was only the cutaneous
and proprioceptive senses remaining which could be relied
upon in this period."”

Adopting a conservative strategy with advancing age
helps to clarify why the elderly have changed in their
obstacle crossing characteristic. Furthermore, we should pay
more consideration on the TL since it may be a factor for
producing tripping in elderly when crossing an obstacle.

Limitation

The present study collected the obstacle crossing
characteristic by standardizing the height of the obstacle
in each individual to be approximately one third of the
shank segment which was very low. For further study,
the gait performance should be challenged by investigat-
ing the obstacle crossing characteristic when the height of
obstacle is increased to simulate to the height of obstacle
in the real situation. In addition, the present study did not
control the speed of walking which may affect the results
of the obstacle crossing pattern.

CONCLUSION

The findings suggested that the temporal variable,
the obstacle crossing time is sufficiently sensitive for de-
tecting the difference between limbs and groups’ effect.
Therefore, the obstacle crossing time should be evaluated
in clinical situations when clinicians aim to investigate
the obstacle crossing characteristics and this variable is
easy to collect and interpret. Results also demonstrated
that the TL is significantly related to tripping which might
occur especially in the elderly group who are presented
with more challenge to cross an obstacle.
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