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ABSTRACT

Stair ascent and descent is a challenging task for people with sight loss. Identifying the effects of lack of visual input
in people with sight loss while stair ascent and descent can be effective in planning rehabilitation program and
improving locomotion pattern. The purpose of the present study is to evaluate the spatiotemporal variables in stair
ascent and descent in people with sight loss and comparing them with people with full-sight. In this study, the
spatiotemporal variables of stair ascent and descent in people with sight loss were measured using 3D motion analysis
device Vicon with frequency of 100HZ. For within group analysis, repeated measure test and for that of between
groups, independent sample t-test were used with level of significance of p<0.05. The spatial-temporal gait parameters
during stair ascent and descent were collected. The results showed that the people with sight loss had less speed,
cadence and stride length comparing with people with full-sight (p<0.05). Moreover, stride and step time, single and
double support time and stance time were significantly more in people with sight loss comparing with the people with
full-sight (p<0.05). There was a significant difference in variables such as cadence and stance time between stair
ascent and descent (p<0.05) and in both groups the mentioned difference was the same (p>0.05). Decreased speed and
cadence and increased stance time represent motion deficiency in people with sight loss. Regarding the mentioned
results, people with sight loss have cautious stair locomotion pattern and spatiotemporal variables in closed eye state in
people with full-sight had weaker patterns comparing with people with loss sight.
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Introduction
Blindness is a state in which the individuals do not have any sight perception (1). Visual inputs in the

neuromuscular response process of the central nervous system have an important role in various motor tasks,
so that sight loss can cause deficiency in bodies’ consistency and balance (2) which is one of the reasons of
fall in people with sight loss or the people with visual deficiency (3,4). Lack of visual input can have a big
influence on gait mechanics so that, lack of visual inputs in people with sight loss affects gait pattern (5).
Biomechanical studies on gait in people with sight loss were confined to gait speed, stride length, cadence (3,
6,7,8), the effect of using cane for orientation, as well as motion and related exercises (9). Posture control
weakness, poor balance, gait problems (10), and vision problems (3) are significant causes of falling and
injury in people with sight loss. One of the daily tasks of people's routine is stair ascent and descent (11,12).
The previous studies suggested that while ascending and descending the stairs, body balance and posture
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control have some changes comparing with gait on flat surface (13, 14). Therefore, people with balance
control impairment such as the elderly (15), patients suffering from Parkinson's disease (16), and knee joint
Osteoarthritis (17) have some problems in this task. On the other hand, the previous studies on people with
full- sight showed that stair ascent and descent needs high range of motion in lower limb joints and moments
in the mentioned joints (18). Through identifying biomechanical characteristics of stair ascent and descent in
people with sight loss, essential information on kinetic and kinematic variables of this task can be specified
and the fall risk in these people can be decreased. The research showed that 10% of the causes of death in
people with sight loss is stair fall (19). Research on characteristics of spatiotemporal variables of stair ascent
and descent was conducted in limited studies (2, 17, 20-22). Identifying the effects of lack of visual input in
people with sight loss while stair ascent and descent can be effective for designing novel equipment for
improving locomotion pattern. The present study is aimed at evaluating spatiotemporal variables of stair
ascent and descent in people with sight loss. Consequently the hypothesis of this paper is lack of visual input
in people with sight loss can affect the spatiotemporal variables of stair ascent and descent.

Materials and methods

We used the freeware tool G*Power (http://www.gpower.hhu.de/) and priori power analysis to calculate the
number of samples. For this purpose, we assumed a Type | error of 0.05, a Type Il error rate of 0.20 (80%
statistical power), and an effect size of 0.80 based on the findings of a previous study (1). The analysis
revealed that 20 individuals are sufficient to observe the large between-group differences. Therefore, in this
study, twelve men with sight loss as experimental group and 12 men with full-sight as control group among
university students of Hamedan voluntarily participated in the study (23). The subjects of experimental group
were born blind and did not have any conception towards light. People in both groups did not have any
continuous exercise history during the last 2 years. People who had some injuries in their lower limb or
suffered from neurological disease (muscle disease) and orthopedical ones (bone fracture, tendonitis, sprain,
strain, and joint surgery) over the last 6 month, were set aside from the study. The subjects also filled
permission form for participation in the test, and then the stages of the test, methods of measuring variables
and the whole method were completely described for the subjects. The Research Commission of Islamic
Azad University of Hamedan approved the protocol of this study on May 22, 2018 with 5734/3/97 number.
A six camera Vicon system (Oxford Metrics, Oxford, UK) was used to record three-dimensional lower-body
kinematic data (100 Hz) to identify the spatiotemporal variables of stair ascent and descent. For this purpose,
16 retro-reflective markers were connected to the anatomical points at both lower limbs of the participants,
based on the Plug-In Gait Marker Set (Vicon Peak, Oxford, UK) (24, 25). In this research ascending and
descending 4 stairs which were 0.18m high, 0.28m deep and 1.20m wide was considered as the task of the
subjects. Each subject was supposed to walk at least 7 steps to reach the stair and walk on it (26). The people
with sight loss passed the route bare feet, with normal speed and without using any cane. The subjects of
another group did the task under 2 conditions: a) stair ascent and descent with open eyes, b) stair ascent and
descent with closed eyes. In each given variable, the average of repeating 3 times was considered for
statistical calculations. Then the variables such as cadence, gait speed, stride length, step length, stride time,
step time, stance time, swing time, single support time, and double support time were extracted (Fig. 1)(27).
In this study, swing time of each foot was equal to single support time in the other foot (28, 29), which were
calculated from extracted data by (Vicon software Polygon Oxford Metrics Ltd, Oxford, UK). The stance
time was also calculated with formula 1. Calculating stance time x for each foot (right and left) was done
separately.

formula 1) Stance time x = double support time x + single support time x
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Figure 1. Sub-phases of one complete gait cycle in stair walking. (1) weight acceptance (ipsilateral foot-strike to
contralateral toe-off), (2) pull-up and (3) forward continuance (contralateral toe-off to contralateral foot-strike), (4)
early swing and foot clearance and (5) late swing and foot placement (ipsilateral toe-off to ipsilateral foot-strike) [1] .

Firstly, the normality of the variable distributions was verified using Shapiro-Wilk test. All data had normal
distribution. The research had 3 factors; Task (with 2 levels of stair ascent and descent), Vision (with 2 levels
of closed and open eyes) and foot (with 2 levels of right and left foot) and as a result, performing Repeated
measure test was required. For studying each research variables, a distinct test was given. An independent
sample T-test was used for studying and identifying the difference between groups. The calculations were
done by SPSS (version 16.0), (Chicago, IL, USA), the statistical significance was assessed at p<0.05 level.

Results

The results related to demographic characteristics of the subjects are shown in Table 1.

Table 1. Demographic characteristics of individuals with full-sight and with sight loss.

Groups Sig.
Sight loss Full-sight

N 12 12 NA
Age (year) 26.40+5.59 21.91+2.93 0.07
Mass (Kg) 66.80+17.37 73.61+17.38 0.39
Height (cm) 1.69+0.07 1.77+0.08 0.06
BMI 23.14+5.24 23.23+3.98 0.96
Gender Male Male NA

Note: Values are mean * standard deviation. Abbreviations: n, number of participants; BMI, body mass index; NA, not
applicable.

The results of statistical analysis about speed showed that the speed of stair ascent and descent was the same
in both groups. The findings suggested that the main effect of vision was significant (F (22)= 65.4, p= 0.001,
Eta = 0.75). The results of comparison within groups showed that the speed of stair ascent and descent in
people with full-sight in closed eye condition was significantly less than that of open eye condition (p<0.05).
The results about the cadence pointed out that the factors of task (p= 0.002) and vision (p = 0.0001) had
significant influence on cadence, and based on the results, the cadence was significantly lower in stair ascent
comparing with stair descent and also in open eye condition, it was more than that of closed eye condition. A
comparison between two groups showed that cadence in group with full-sight in open eye condition was
significantly more, comparing with group with sight loss but by closing eyes, cadence of people with sight
loss became more than the ones with full-sight. Stride time and step time in closed eye condition was more
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comparing with the open eye condition (stride time, F (22) = 32.8, p=0.001, Eta = 0.6, step time, F (22)= 31,
p=0.001, Eta= 0.58 ). The results of comparison between groups showed that there is a significant difference
between 2 groups in closed eye and open eye condition. So that the time of stride and step in people with
full-sight in open eye condition was less comparing with people with sight loss. While having the eyes
closed, the time of stride and step was significantly more in people with full-sight comparing with the ones
with sight loss. The results considering single support time suggested that main effect of vision had a
significant effect on this variable (F (22)= 17.3, P= 0.0001, Eta= 0.44). These results showed that single
support time in closed eye condition had a significant increase comparing with the open eye one (F (22) =
17.3, P=0.002, Eta= 0.61). The comparison between groups also pointed out that the difference between two
groups referred to single support time in closed eye condition and while stair ascent, which was more in
people with full-sight. The results of factor analysis in double support time indicated that the factor of task
had a significant effect on this variable (F (22)= 9.1, P= 0.006, Eta = 0.29). The averages show that double
support time in stair ascent is significantly more than stair descent. Moreover, the factor of vision had a
significant effect on double support time (F (22) = 33.2, P= 0.0001, Eta= 0.6). The result of comparison
within groups indicated that by closing the eyes in people with full-sight, the single support time showed a
significant increase comparing with open eye condition (F (11)= 33.24, P= 0.001, Eta= 0.75). The
comparison between groups also showed that double support time had significant difference merely in stair
ascent between people with sight loss and full-sight (P< 0.05). While, in stair descent it did not show a
significant difference between 2 groups. The results on stance time showed that the factor of task is
significant in this variable. (F (22) = 6.8, P= 0.016, Eta= 0.24). Considering the results within the groups, it
could be identified that stance time in people with sight loss in stair ascent and descent did not have a
significant difference (F (11)= 1.1, P= 0.31, Eta = 0.09), but in the group with full-sight , the stance time in
stair ascent was more than stair descent (F (11)= 9.04, P= 0.012, Eta= 0.45 ). The results showed that the
main effect of vision had a significant effect on stance time (F (22) = 25.8, P= 0.0001, Eta= 0.54). Within the
group’s results showed that closing the eyes in people with full-sight caused a significant increase in stance
time comparing with open eye condition (F (11)= 25.8, P=0.0001, Eta = 0.70). But the difference between
groups in this variable was not significant. The results regarding stride length and step length pointed out that
the factor of task did not have a significant effect on stride length and step length (P > 0.05). However the
factor of vision had a significant effect on stride length (F (22)= 7.6, P= 0.01, Eta=0.26), but this factor did
not affect step length significantly. Furthermore, the factor of group significantly affected stride length (F
(22)= 7.6, P= 0.02, Eta= 0.41)and step length (F (22)= 9.12, P= 0.006, Eta= 0.29). Stride length and step
length were significantly more in group with full-sight comparing with the group with sight loss. The results
of comparison between groups showed that stride length in open eye condition and in both stair ascent and
descent had a significant difference between 2 groups (P< 0.05). Nevertheless, in closed eye condition no
differences were obvious between groups (P> 0.05). Comparison between the groups regarding step length
pointed out that the difference was only significant in stair descent with open eyes (P= 0.001) and in other
cases the difference between 2 groups was not significant.
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Table 2. The mean (SD) of spatiotemporal variables of stair ascent in two groups.

Spatial-temporal parameters
Cadence

Speed

Temporal parameters
Stride time

Step time

Single support time

Double support time

Swing time

Stance time

Spatial parameters
Stride length

Step length

Right foot
Left foot
Right foot
Left foot

Right foot
Left foot
Right foot
Left foot
Right foot
Left foot
Right foot
Left foot
Right foot
Left foot
Right foot
Left foot

Right foot
Left foot
Right foot
Left foot

Full-sight Sight loss
Eye open Eye closed

82.20 (9.21) 47.99 (14.97) 62.63 (8.74)

88.52 (11.42) 48.57 (15.60) 63.62 (12.03)
0.48 (0.06) 0.26 (0.09) 0.31 (0.07)
0.54 (0.08) 0.28 (0.09) 0.33(0.08)
1.48 (0.17) 2.75(0.78) 1.97 (0.33)
1.38 (0.18) 2.86 (1.08) 2.05 (0.59)
0.75 (0.10) 1.49 (0.57) 0.94 (0.18)
0.68 (0.11) 1.49 (0.62) 1.00 (0.34)
0.48 (0.05) 0.61 (0.12) 0.50 (0.13)
0.49 (0.04) 0.64 (0.12) 0.50 (0.11)
0.50 (0.10) 1.51 (0.61) 0.97 (0.25)
0.41 (0.09) 1.70 (0.97) 1.05 (0.55)
0.48 (0.05) 0.61 (0.12) 0.50 (0.13)
0.49 (0.04) 0.64 (0.12) 0.50 (0.11)
1.22 (0.85) 2.12 (0.65) 1.47 (0.27)
0.91 (0.13) 2.34 (1.06) 1.55 (0.55)
0.71 (0.03) 0.66 (0.06) 0.59 (0.12)
0.74 (0.05) 0.70 (0.08) 0.63 (0.13)
0.35 (0.04) 0.35 (0.04) 0.32 (0.04)
0.38 (0.06) 0.35 (0.05) 0.33(0.14)

Table 3. The mean (SD) of spatiotemporal variables of stair ascent in two groups

Spatial-temporal parameters
Cadence

Speed

Temporal parameters
Stride time

Step time

Single support time

Double support time

Swing time

Stance time

Right foot
Left foot
Right foot
Left foot

Right foot
Left foot
Right foot
Left foot
Right foot
Left foot
Right foot
Left foot
Right foot
Left foot
Right foot

Full-sight Sight loss
Eye open Eye closed

91.01 (12.82) 53.43 (14.72) 72.28 (18.19)

90.67 (11.32) 56.74 (16.50) 72.52 (23.42)
0.54 (0.09) 0.29 (0.09) 0.33 (0.09)
0.56 (0.07) 0.30 (0.10) 0.33 (0.10)
1.35(0.21) 2.53 (0.70) 1.89 (0.73)
1.35 (0.18) 2.41 (0.76) 1.93 (0.92)
0.68 (0.11) 1.27 (0.41) 1.06 (0.70)
0.66 (0.08) 1.15 (0.30) 0.90 (0.31)
0.49 (0.09) 0.66 (0.15) 0.55(0.14)
0.50 (0.08) 0.69 (0.25) 0.52 (0.19)
0.36 (0.05) 1.12 (0.42) 0.80 (0.84)
0.36 (0.05) 1.09 (0.46) 0.82 (0.85)
0.49 (0.09) 0.66 (0.15) 0.55 (0.14)
0.50 (0.08) 0.69 (0.25) 0.52 (0.19)
0.86 (0.12) 1.78 (0.48) 1.36 (0.81)
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Left foot 0.87 (0.11) 1.79 (0.67) 1.35 (0.88)
Spatial parameters

Stride length Right foot 0.71 (0.06) 0.67 (0.14) 0.57 (0.16)
Left foot 0.74 (0.04) 0.66 (0.10) 0.57 (0.15)
Step length Right foot 0.36 (0.05) 0.37 (0.10) 0.29 (0.13)
Left foot 0.38 (0.03) 0.35 (0.09) 0.30 (0.06)
Discussion

The present paper is aimed at studying the effect of vision on spatiotemporal variables during stair
locomotion in people with full-sight and comparing them with people with sight loss. The results of various
studies showed that the decrease in visual input and even visual acuity could increase fall risk while walking.
These studies focused on the effect of vision and aging (30,31). Marginal research studying walking in
people with sight loss showed that these people used some mechanisms while walking to decrease fall risk,
in other words these mechanisms resulted in cautious walking in people with sight loss (32).

Spatiotemporal Parameters

The results of this study showed that the speed of stair ascent in sighted people in open eye condition was
approximately 95.5% more than closed eye condition. Moreover, the speed of stair ascent in open eye
condition in sighted people was 62.5% more than people with sight loss and in closed eye condition, was
approximately 16.7% less than people with sight loss, and this value was not significant. These results were
similar in stair ascent and descent. Studying the results on cadence also pointed out that in both visual states
and also in group with sight loss cadence in stair ascent was less than that of stair descent, which meant the
frequency of gait while stair descent was more than stair ascent. Also the value of cadence in stair ascent in
people with full-sight in open eye condition was nearly 77% more comparing with closed eye condition.
Comparing 2 groups showed that the cadence in people with full-sight in open eye condition was nearly
35.2% more than people with sight loss and in closed eye condition was approximately 23.5% less than
people with sight loss. Comparing cadence in stair descent showed that in people with full-sight in open eye
condition it was 25.5% more than people with full-sight and in closed eye condition approximately 31.4%
less than people with sight loss. Considering the mentioned results in cases cadence and speed, it can be
concluded that omitting visual input in people with full-sight decreased the speed and frequency of gait on
stairs. Obviously walking on stairs without visual input could increase fall risk, which could be decreased
through declining the speed while gait on the stairs. These results were consistent with the findings pointed
out by Mac Gowan (33). They showed that gait speed in people with sight loss is less than people with full-
sight. Hallemans et al., (34) also showed that the speed of gait and cadence in people with sight loss was less
than people with full-sight and it was consistent with the results of the present study. Nakamura et al,
observed less speed of walking in people with sight loss (32).

Temporal parameters

There was not any significant difference in stride time and step time in stair ascent and descent which was
the same in both groups. The results on visual inputs pointed out that stride time in stair ascent in people with
full-sight in open eye condition was almost 95% and in stair descent it was approximately 83% less than
closed eye condition. Comparison between groups showed that stride time in stair ascent in closed eye
condition in people with full-sight was approximately 40.2% less than people with sight loss and in open eye
condition nearly 39% more than people with sight loss. Comparing stride time in stair descent showed that in
people with full-sight in open eye condition it was approximately 42.2% less than people with sight loss and
in closed eye condition it was almost 29% more than people with sight loss. These results were almost the
same about step time. Regarding the mentioned results, it is worth mentioning that the stride time in people
with full-sight after closing eyes became significantly more than people with sight loss, although before this
test, these people had experienced the laboratory atmosphere and stair height, still had a longer stair and step
time comparing with people with sight loss. Single support time in closed eye condition and while stair
ascent raised by almost 28/5% and while stair descent approximately by 36% comparing with open eye
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condition in people with full-sight. Comparison between groups showed that single support time was
approximately by 26% more than people with sight loss. Double support time in group with full-sight in stair
ascent was more than stair descent. Comparing 2 states of open and closed eyes while stair ascent showed
that, closing the eyes could increase double support time 3/5 times in people with full-sight and while stair
descent almost 3 times comparing with open eye condition. This meant in closed eye condition, the
individual had spent more time in double support time before going to the next stair. The results between the
groups also indicated that double support time in people with full-sight in open eye condition was
approximately 2.2 times less and in closed eye condition almost 1.6 times (60%) more than people with sight
loss. However, in stair descent with closed eyes, double support time in people with full-sight was 2/3 times
less and in open eye condition 35% more than the group with sight loss. Stance time in people with full-sight
in open eye condition and while stair ascent was approximately 42% less and in closed eye one almost 47%
more than people with sight loss. Stance time in stair descent with open eyes in people with full-sight was
almost 60% less and in closed eye condition approximately 32% more than people with sight loss.

These results also showed the importance of visual input in people with full-sight and could refer to selecting
particular motion patterns in people with sight loss. Hallemans et al, consistent with the findings of the
present study pointed out that gait speed, stair length and double support time in people with sight loss is less
than people with full-sight (34). Nakamura et al, indicated longer stance time in people with sight loss (32).
Therefore, according to Hallemans et al, people with full-sight due to reliance on visual input, for preserving
the walking pattern in closed eye condition, showed more changes, which was consistent with the results of
the present study (6). Various research were conducted on the effect of vision on posture control (6,8,35)
which showed that disturbing received information from eyes and blocking vision could increase stride time,
but other parameters did not show any significant changes. These results were consistent with the findings of
the present study. Therefore it could be concluded closing eyes could affect gait pattern and people with full-
sight are dependent on visual input even in a challenge-free condition. The changes in walking with closed
eyes in people with full-sight were due to lack of exercise and also inconsistency with these conditions. As a
result, different variables; cadence, stride time and step time underwent many changes, so that these changes
were even greater than these variables in people with sight loss. Moreover, it is worth mentioning that
proprioceptive recipients in people with sight loss had a bigger role for walking control comparing with
people with full-sight (36).

Spatio variables

By omitting visual input in people with full-sight, stride length while stair ascent decreased by nearly 8%,
but while stair descent, this decrease was approximately 9%. Stride length in people with full-sight, just in
open eye condition had a significant difference with people with sight loss, namely stride length in people
with full-sight while stair ascent was 20% more than people with sight loss, but it was 28% more in stair
descent. Regarding step length the differences were not significant not within the groups nor between them.
These results showed that people with full-sight in both open eye and closed eye conditions had more stride
length comparing with that of people with sight loss. The findings of Clark-Carter et al., (37) indicated that
people with sight loss had shorter stride length and walked slower. The generalizability of the findings of the
study are limited by the small sample size and also lack of the existence of a comparison group which was
due to the fact that it was difficult to find a sufficient number of congenitally blind people reflecting the traits
of interest to the study. Another limitation which could have affected the generalizability of the findings may
be due to the fact that female participants were not represented in the study as there were few of them willing
to participate and even those few failed to present their parents’ consent letters for taking part in the study.

Conclusion

In the line of previous research, the results of this study showed that blind people were weaker in some of the
parameters of stair ascent and descent compared to full-sighted persons in open eyes condition; but the blind
people in both stair ascent and descent stairs were better compared to the full-sighted person in close eyes
condition .The results are interesting because people with full-sight were familiar with the conditions and
environment of the laboratory. Therefore, blind people relying on the other sensory information, had a better
performance in stair ascent and descent stairs compared to the full-sighted person in close eyes condition.
Whereas performance of full-sight person was impaired after removing their visual information, due to their
reliance on visual system information.
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Using cane or installing some bars near the stairs might help the people with sight loss to step faster. The
results on closed eye condition in people with full-sight showed that through omitting visual input in people
with full-sight, spatiotemporal variables in stair ascent and descent aggravated comparing with people with
sight loss. Due to the fact that no other research has been conducted in this respect, more studies are
required. Identifying the effects of lack of visual input in people with sight loss while stair ascent and descent
can be effective for designing novel equipment or rehabilitation programs for improving locomotion pattern
(38-45).

Acknowledgments
The authors are thankful to all the participants and their families for their participation in this study.
Conflict of interest

The authors do not have any conflict of interest which could have influenced the results of this study.

References

1. Juodzbaliene, V. and K. Muckus, The influence of the degree of visual impairment on
psychomotor reaction and equilibrium maintenance of adolescents. Medicina, 2006; 42(1): 49-56.

2. Larsson, L. and K. Fréndin, Body awareness and dance-based training for persons with
acquired blindness—effects on balance and gait speed. Visual impairment research, 2006; 8(1-2):
25-40.

3. Timmis, M.A., et al., Kinematic analysis of step ascent among patients with central visual
field loss. Gait & Posture, 2014; 39(1): 252-257.
4. Patino, C.M., et al., Central and peripheral visual impairment and the risk of falls and falls

with injury. Ophthalmology, 2010; 117(2): 199-206. el.

5. Ponchillia, P.E., S.K.V. Ponchillia, and S.V. Ponchillia, Foundations of rehabilitation
teaching with persons who are blind or visually impaired. 1996: American Foundation for the Blind.
6. Hallemans, A., et al., Low vision affects dynamic stability of gait. Gait & Posture, 2010;
32(4): 547-551.

7. Hallemans, A., et al., Development of independent locomotion in children with a severe
visual impairment. Research in Developmental Disabilities, 2011; 32(6): 2069-2074.

8. Lamoreux, E.L., et al., Visual impairment, causes of vision loss, and falls: the Singapore
Malay Eye Study. Investigative ophthalmology & visual science, 2008; 49(2): 528-533.

Q. Ramsey, V.K,, et al., A biomechanical evaluation of visually impaired persons' gait and
long-cane mechanics. Journal of rehabilitation research and development, 1999; 36(4): 323-332.

10. Lord, S.R. and J. Dayhew, Visual risk factors for falls in older people. Journal of the
American Geriatrics Society, 2001; 49(5): 508-515.

11. McCrory, J.L., et al., Ground reaction forces during stair locomotion in pregnancy. Gait &
Posture, 2013; 38(4): 684-690.

12.  Verghese, J., et al., Self-Reported Difficulty in Climbing Up or Down Stairs in Nondisabled
Elderly. Archives of Physical Medicine and Rehabilitation, 2008; 89(1): 100-104.

13.  Silverman, A.K., et al., Whole-body angular momentum during stair ascent and descent.
Gait & Posture, 2014; 39(4): 1109-1114.

14, McCrory, J.L., et al., Ground reaction forces during stair locomotion in pregnant fallers and
non-fallers. Clinical Biomechanics, 2014; 29(2): 143-148.

15. Bergland, A, et al., Health, balance, and walking as correlates of climbing steps. Journal of
aging and physical activity, 2008; 16(1): 42-52.

16.  Conway, Z.J., et al., Evidence of compensatory joint kinetics during stair ascent and descent
in Parkinson’s disease. Gait & Posture, 2017; 52: 33-39.

68



17. Hicks-Little, C.A., et al., Temporal-spatial gait adaptations during stair ascent and descent in
patients with knee osteoarthritis. The Journal of Arthroplasty, 2012; 27(6): 1183-11809.

18. Meyer, C.A., et al., Evaluation of stair motion contributes to new insights into hip
osteoarthritis-related motion pathomechanics. Journal of Orthopaedic Research, 2016; 34(2): 187-
196.

19. Organization, W.H., WHO guidelines for safe surgery: safe surgery saves lives. 2009: Suu
tam.

20. Mian, O.S., et al., Kinematics of stair descent in young and older adults and the impact of
exercise training. Gait & Posture, 2007; 25(1): 9-17.

21. Brustio, P.R., D. Magistro, and M.E. Liubicich, Changes in temporal parameters during
performance of the Step Test in older adults. Gait & Posture, 2015; 41(1): 217-221.

22.  Gao, B., M.L. Cordova, and N. Zheng, Three-dimensional joint kinematics of ACL-deficient
and ACL-reconstructed knees during stair ascent and descent. Human Movement Science, 2012;
31(1): 222-235.

23. Faul, F., et al., G* Power 3: A flexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behavior research methods, 2007; 39(2): 175-191.

24. Meyns, P., et al., Is interlimb coordination during walking preserved in children with
cerebral palsy? Research in Developmental Disabilities, 2012; 33(5): 1418-1428.

25. Kadaba, M.P., H. Ramakrishnan, and M. Wootten, Measurement of lower extremity
kinematics during level walking. Journal of Orthopaedic Research, 1990; 8(3): 383-392.

26.  Winter, D.A., Biomechanics and motor control of human movement. 2009: John Wiley &
Sons.

27. Harper, N.G., J.M. Wilken, and R.R. Neptune, Muscle function and coordination of stair
ascent. Journal of biomechanical engineering, 2018; 140(1): 011001.

28.  Whittle, M., Gait analysis an introduction. 2007, Butterworth-Heinemann,: Edinburgh ; New
York. p. 255 p. ill. 25 cm. + 1 CD-ROM (4 3/4 in.).

29.  Yazdani, S., et al., Spatiotemporal Variables of Gait in Patients with Adolescent Idiopathic
Scoliosis and Healthy Individuals. Journal of Sport Biomechanics, 2016; 2(3): 5-14.

30.  BOptom, R.Q.1., et al., Visual impairment and falls in older adults: the Blue Mountains Eye
Study. Journal of the American Geriatrics Society, 1998; 46(1): 58-64.

31.  Wood, J.M,, et al., Risk of falls, injurious falls, and other injuries resulting from visual
impairment among older adults with age-related macular degeneration. Investigative ophthalmology
& visual science, 2011; 52(8): 5088-5092.

32. Nakamura, T., Quantitative analysis of gait in the visually impaired. Disability and
Rehabilitation, 1997; 19(5): 194-197.

33. MacGowan, H., Kynematic analysis of the walking gait of sighted and congenitally blind
children: ages 6 to 10 years. Biomechanics IX-A, 1985: 575-580.

34. Hallemans, A., et al., Visual deprivation leads to gait adaptations that are age- and context-
specific: I. Step-time parameters. Gait & Posture, 2009; 30(1): 55-59.

35. Jazi, S.D., et al., Effect of selected balance exercises on the dynamic balance of children
with visual impairments. Journal of Visual Impairment & Blindness, 2012; 106(8): 466-474.

36. Ozer, M., et al., Comparison of Ankle Proprioception Between Blind and Healthy Athletes.
Orthopaedic journal of sports medicine, 2014; 2(11_suppl3): 2325967114S00156.

37. Clark-Carter, D.D., A. Heyes, and C.l. Howarth, The gait of visually impaired pedestrians.
Human Movement Science, 1987; 6(3): 277-282.

38. Alavi-Mehr SM, Jafarnezhadgero A, Salari-Esker F, Zago M. Acute effect of foot orthoses on
frequency domain of ground reaction forces in male children with flexible flatfeet during walking.
The Foot. 2018; 37: 77-84.

39. Mohammadi V, Letafatkar A, Sadeghi H, Jafarnezhadgero A, Hilfiker R. The effect of motor
control training on kinetics variables of patients with non-specific low back pain and movement

69



control impairment: Prospective observational study. Journal of bodywork and movement therapies.
2017; 21(4): 1009-16.

40. Jafarnezhadgero A, Sorkhe E, Meamarbashi A. Efficacy of motion control shoes for reducing
the frequency response of ground reaction forces in fatigued runners. Journal of Advanced Sport
Technology. 2019; 2(1): 8-21.

41. Mohammadi V, Hilfiker R, Jafarnezhadgero AA, Jamialahmadi S, Karimizadeh Ardakani M,
Granacher U. Relationship between training-induced changes in the Star Excursion Balance Test
and the Y balance test in young male athletes. Annals of Applied Sport Science. 2017; 5(3):31-8.
42. Jafarnezhadgero A, Madadi-Shad M, McCrum C, Karamanidis K. Effects of corrective training
on drop landing ground reaction force characteristics and lower limb kinematics in older adults with
genu valgus: A randomized controlled trial. Journal of aging and physical activity. 2019; 27(1): 9-
17.

43. Jafarnezhadgero AA, Anvari M, Granacher U. Long-term effects of shoe mileage on ground
reaction forces and lower limb muscle activities during walking in individuals with genu varus.
Clinical Biomechanics. 2020; 73: 55-62.

44. Jafarnezhadgero AA, Sorkhe E, Oliveira AS. Motion-control shoes help maintaining low
loading rate levels during fatiguing running in pronated female runners. Gait & posture. 2019; 73:
65-70.

45. Madadi-Shad M, Jafarnezhadgero AA, Sheikhalizade H, Dionisio VC. Effect of a corrective
exercise program on gait Kinetics and muscle activities in older adults with both low back pain and
pronated feet: A double-blind, randomized controlled trial. Gait & Posture. 2020; 76: 339-45.

70



oy oS>

Lo 01,31 9 601550l (Ll b 81,30 50 aly 51 (38, b g YU Sloj (2Lad slb yuiio
v . ¥ R ) Vo RN
ST ol oLl apdl ¢ (qudimo (gugo ¢ Hlas (5595 dieo
Ol e oltes o laas axly o oMl ST oLl ¢ il pale 0uSiiils o i g SCilSoga 09,5 )
Ol eoldes o laas axly o oMl ST olRiils ¢ Gl pale 0uSiils ( S, (8, 09,5 -F

Ol ¢ Jwdy] ¢ (oo, Gémo olKiils o oy pole b Copi 09,5 =N

Gt 3V 5 laj (ol (sl eito Sluj l ol ingiy ool 1 o el Loy o315 il sy el oSy aly ) 055, ol 5 Yl
SENY o aly 3l 8, ol 5 Wl loj (b (slo it anlliae ol 53 031 (s0le (i b O3 b T ol 5 il o355 ol ) (35,
52955 090 Jalow 5 4328 (Sl ad (s Seslil 35pm Ve e Guils 3 LVICON amans (35 > Jalow olfiws S oalil b Ll 5 Ly
S5l aisls i gl s oolaiul P 140 (6l e gl 4o JEies Cend 5 oeey] 5| BT o s REPEAtEd MeEasure s
5L 909 SO SIS ploj pad 5 pl5 Loy rutzmen (P 10 0) Widg Ly 09,5 4 Cerd (6205 5 Jobo g (dolS e oo syl Ll
5 Vb G gylosime S IST loj 5 (uiolS (gl yeiiie jo (P 210 0) 05 L 09,5 51y (gl sine yobo 4 Lol 09,5 0 ISG1 o
(P> 1+ 0) 590 liee BB 5l 09,5 95 ;0 10 a5 (P 1+ 0) ceils 3gmg abs 5l ol b

Gyl sl ol 3l mls cpl 4y azgr b adil go Lol ol 8l &85> j0 SIS poe oasmo)Las BGT Hley jo jialidl g uislS g ce s il
mcias oSl o Lol o8l 4y s Slo i olad (sle psiie dis piir Cadg 5 plles ol 31 o aS aiil e ailblize (59, 4l (5ol
AT

i 5 5k iy ey Sl ool Gl s Vb e glej 5 (lad sla it Lol i gonlS’ sloely

71




