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Abstract

Since advanced age is associated with higher potential for incidence of musculoskeletal
disorders and in turn, changes in the biomechanical performance, use of proper exercise
programs with a preventive approach or mitigating the adverse effects resulting from these
changes are in the agenda of physical rehabilitation specialists and occupational therapists. The
aim of the present research was to explore the effect of land-based, aquatic, and combined
endurance training on selected kinematic variables of involuntary walking among 60-75-year-
old men. In this semi-experimental research, sixty men participated voluntarily, and were
randomly assigned into three 20-member groups of land-based, aquatic, and combined
endurance training. Dependent t-test was used for pre- and post-test comparison, while
covariance analyses was applied to compare the effect of three types of exercise on the
dependent variables. The results indicated the effect of land-based, aquatic, and combined
endurance training on significant increase in normalized step length, displacement of the body
center of mass along anterior-posterior and internal-external axes, range of motion of the hip,
knees, and ankle dorsiflexion during involuntary walking (P < 0.05). It seems that use of land-
based, aquatic, and combined endurance training can have a positive influence on the selected
kinematic variables of elderly during walking, because of greater impact, undertaking
combined endurance training protocol can be recommended to improve the balance and gait
state as well as safe mobility for the elderly. Future studies are essential to examine differences
between various endurance training methods in detail.
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Extended Abstract

Background and Purpose

Physical ability decreases significantly in old age. It is reported that inactivity
accounts for about half of the changes in the physical functions during the old age
(). Infact,physical exercise is an inexpensive, accessible, non-invasive and low-
risk method for maintaining health and mobility, and improving the gait quality
in the older adults (1,2). Numerous studies have shown that the use of appropriate
exercise programs can help prevent, delay or even treat the problems caused by
the aging process by increasing the physical ability of the older adults and have a
positive effect on the quality of life of this group of people (1,3,4). For example,
Derieux et al. (2005) showed that 10-week aquatic exercise improved the balance
and quality of life (QOL) of 65-year or older women with osteoporosis (5).
Mirmoazi et al. (2016) also showed that eight-week aquatic exercises have a
positive effect on the static and dynamic balance of the older adults (4). In
addition, Yadegarpour et al. (2017) observed that aquatic endurance, aerobic and
muscular exercises can improve the balance of male older adults (3). Literature
review showed no study on the effect of endurance exercise at different levels
(including land-based, aquatic and combined form) on the biomechanical features
of the older adults during involuntary walking. However, identifying and
comparing the effect of various types of endurance training can be an effective
method of choosing a training method on walking as one of the most basic skills
in daily functioning and showing independent motor activity among the older
adults. Considering this approach, the aim of the present study was to investigate
the effect of land-based and aquatic endurance exercises and combined land-based
and aquatic endurance training on selected kinematic variables of voluntary
walking in men aged 60 to 75 years.

Materials and Methods

This was a quasi-experimental study with pre-test and post-test.The study
population included retirees in Shahroud. From the statistical population, eligible
individuals who volunteered to participate in the study were randomly divided
into three groups (n=20 people per group). The Vikon 460 camera recording
system was used to measure kinematic variables in the present study (6). Prior to
the walking test, the subjects were asked to perform this movement several times
to get acquainted with the test conditions and procedure. Each subject was asked
to walk involuntarily six times without shoes and under lower-limb marking
conditions (7). Involuntary attempts were made using a researcher-made device
to create a disturbance. It was possible to adjust the amount of force that was
applied to the body center of mass (COM) of the subjects to cause disturbance
using a dynamometer. This force was applied to the subjects as a percentage of
their body weight (50%) (7). As participants started walking, kinematic
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information was stored on a computer for later analysis. Walking exercises and
flexion, extension, abduction and adduction motions were used in all endurance
training protocols. Land-based endurance training protocol included land-based
training, aquatic endurance training protocol included aquatic training, and
combined endurance training protocol included one-session land-based endurance
and one-session aquatic endurance training. Aquatic exercises were performed in
the shallow part of the pool (height about 1.5 meters). All training protocols were
performed three times a week for eight weeks (3). Kinematic variables in
involuntary walking included normalized stride length, stance phase percentage,
dual support phase percentage, swing phase percentage, COM shift in the anterior-
posterior, internal-external, and vertical axes, range of motion of the hip and knee,
plantar flexion, and dorsiflexion of the ankle. The normalized step length variable
was calculated using individuals' leg length so that the normalized step length was
equal to the step length of the person divided by the length of his/her foot (7). For
the variables of stance phase percentage, dual support phase percentage and swing
phase percentage, the time of each phase was divided by the total gait cycle time
(7). Then, three variables of COM shift in the anterior-posterior, internal-external
and vertical axes were also calculated. Finally, the range of motion of the hip and
knee, maximal plantar flexion and maximal ankle dorsiflexion were also
calculated (7). Shapiro-Wilk test was used to evaluate the normality of data
distribution and dependent t-test was used to compare intragroup effect (pre-post)
of each training method (land-based, aquatic and combined land-based, aquatic).
Then, one-way analysis of covariance (ANCOVA) and post hoc test were used to
compare the effects of different types of exercises on different biomechanical
variables. The post hoc test was used to determine results of least significant
difference. P-value =0.05 was considered as the significance level in all statistical
tests.

Findings

Dependent t-test was used to investigate the effect of various types of endurance
training on selected kinematic variables. The results showed that land-based
endurance training caused statistically significant changes in the variables of
normalized stride length, COM shift in the anterior-posterior and vertical axes, the
range of motion of the hip and knee, and the range of motion of the ankle
dorsiflexion before and after training. Aquatic endurance training led to
significant changes in normalized stride length, COM shift in the anterior-
posterior and vertical axes, and range of motion of the hip and knee, plantar
flexion, and ankle dorsiflexion before and after exercises. The combined
endurance training resulted in significant changes in normalized stride length,
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COM shift in the anterior-posterior, internal-external axes (P < 0.05). It was also
found that there were significant differences between land-based, aquatic, and
land-based + aquatic endurance exercises in terms of the range of motion of the
hip and knee, ankle plantarflexion and dorsiflexion before and after exercises (P
< 0.05). In contrast, there was no significant difference in other kinematic
variables before and after endurance exercises during involuntary walking (P <
0.05). On the other hand, the results of one-way ANCOVA showed that different
types of endurance training have different effects on the variable range of motion
of the ankle plantarflexion (F = 3.97 and P = 0.024), and there was a significant
difference in ankle plantarflexion between land-based and combined land-based
ad aquatic exercises (P = 0.007); but there was no significant difference between
types of endurance exercises in terms of their effect on other kinematic variables
during involuntary walking (P > 0.05) (Table 1).

Table 3 - Comparison of the mean of selected kinematic variables before and after
various types of dry, water and combined exercises during involuntary walking in
dependent t-tests and analysis of covariance
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Table 3 - Comparison of the mean of selected kinematic variables before and after
various types of dry, water and combined exercises during involuntary walking in

dependent t-tests and analysis of covariance
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Table 3 - Comparison of the mean of selected kinematic variables before and after
various types of dry, water and combined exercises during involuntary walking in
dependent t-tests and analysis of covariance
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Conclusion

The results of the present study showed that an 8-week land-based and aquatic
and combined land-based and aquatic endurance training caused a significant
increase in the normalized step length, COM shift in the anterior-posterior and
internal-external axes, range of motion of hip and knee joints, and ankle
dorsiflexion (P < 0.05). These results are consistent with results of studies by Cao
et al. (2007) reporting that 12-week muscle strength and walking exercises
significantly increased the range of motion of the ankle joint and the plantar
flexion during the toe separation phase, while they didn’t affect other
biomechanical gait features in older women (8). The results of the present study
also showed that different types of endurance exercises in the land-based training
protocol have different effects on the range of motion of the ankle dorsiflexion
and plantarflexion as compared to aquatic and combined land-based and aquatic
exercise protocol (P < 0.05). It also seems that future studies are needed to
investigate the effect of endurance exercises at different levels on different
kinematic variables during the voluntary walking. The land-based, aquatic and
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combined endurance exercises can have a positive effect on selected kinematic
variables of the older adults during walking. One-way ANCOVA showed that
combined endurance exercises have a different effect on the COM shift and this
exercise can be recommended to improve walking performance and safe and
secure movement for the older adults. Future studies are necessary to investigate
the differences between the various endurance training methods.

Keywords: Older Adults, Walking, Endurance Training, Lower Limbs.

Article Message
The use of combined endurance exercises is recommended as a suitable exercise
for the older adults.
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Table 1- Endurance training protocol at different levels of land, water and

consumption in this research
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Table 2- Mean and standard deviation of demographic variables of subjects in
three groups of endurance training

Mean * standard deviation Group Variable
66/8+5/7 Dry o
67/5+6/4 Water Age
66/4 +6/6 Combination (year)
1/72+0/12 Dry .
1/70+0/09 Water Height
1/71+0/11 Combination (meter)
66/2+6/9 Dry
65/627/9 Water e
67/4 £7/4 Combination GBS (o)
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Table 3- Comparison of the mean of selected kinematic variables before and after

various types of dry, water and combined exercises during involuntary walking in
dependent t-tests and analysis of covariance

P
P
Effect (pre& Type of -
c(;IQJSg) F Size Post) T Post Pre training Variable
o2 o7 -4z 19 016 Dry Pl sk
141+ 1/37+ i sysrosley
0/19 S
0/34  0/001* -4/89 =  1/41+0/16 Water ©n>
0/24 1/46 1/46 Normalized
0/19 step length
+0/15 - (Percentage of
0/64  0/001* -4/44 1/%1 1/40 Combination total period)
4/66
017 o0 o553 = chel Dry '
60/34 o5 8
4/16 (0,95 JS 5l ao,0)
037 100 041 072 035 = e Water " Stance
60/24
/54 (Percentage of
total period
020 o020 108 = £ Combination period)
61/84
3/55
013 041  0/83 = ﬁjgg Dry s Colas 5
13%/6068 (0,90 JS 5l aoy0)
Doubl
0006 287 o1 om1  yss = 36 Water support
14/38
13/58 +3/23 (Percentage of
inati total period
0/05 051 067 7,20  ag5  Combination tota period)
4166
017 o060 0553 = pEl Dry A
39/66 olesi 6
4/16 (0,90 JS 5l aoyo)
037 L0001 072 035 x4 Water 7 Swing
39/76
/54 (Percentage of
total period
020 o029 108 +  iHTE combination period)

38/16
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Table 3- Comparison of the mean of selected kinematic variables before and after

various types of dry, water and combined exercises during involuntary walking in
dependent t-tests and analysis of covariance

P
(Three
Groups)

0/27

0/27

0/70

F

1/33

1/33

0/35

Effect
Size

0/43

0/62

0/74

0/29

0/09

0/55

0/39

0/30

0/39

P
(pre&
Post)

0/09

0/001*

0/001*

0/07

0/58

0/003*

0/06

0/05

0/16

T

-1/75

-3/94

4/67

1/89

-0/55

3/46

-1/97

-2/04

-1/46

Post

7135
+
35/75
7/86
+
35/80

8/76
e

36/39

1/48
+
4/92
1/97
+
5/25

1/44
+

4/03

1/88
=
6/10
1/82
d
6/41
1/99
=
7/19

Pre
+6/33
32/78
+ 6/52
31/34

+ 6/96
30/50

1/35
5/33+
1/95
5/06+

1/50
4/76+

+ 1/40

5/45

+1/64
5/89

1/73
6/46+

Type of
training

Dry

Water

Combination

Dry

Water

Combination

Dry

Water

Combination

Variable

£ S bel
Bl (el g2
Grasiils) X
Displacement
of the mass
center of
anterior-
posterior axis
(centimeter) X

prz S 2lmlz
- 6].71.) )32‘
Y >

(rowtilo)
Displacement
of the mass
center of
internal-
external axis
(centimeter) Y
Pz S0 2lmlr
Z soges y5e
(Fouilos)
Displacement
of the mass
center of
vertical axis Z
(centimeter)
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Table 3- Comparison of the mean of selected kinematic variables before and after

various types of dry, water and combined exercises during involuntary walking in
dependent t-tests and analysis of covariance

P
(Three
Groups)

0/72

0/32

0/02*

0/26

F

0/32

1/14

3/97

1/34

Effect
Size

0/60

0/34

0/79

0/42

0/45

0/50

0/23

0/12

0/43

0/39

0/10

0/37

P
(pre&
Post)

0/013*

0/008*
0/001*

0/047*

0/031*

0/063

0/092

0/10

0/001*

0/04*

0/095

0/03*

T

-2/72

-2/98

-6/15

-2/12

-2/32

-1/97

-1/77

-1/70

-3/81

-2/20

-1/75

-2/22

Post
7/17
+
29/68

+8/76
27/59
+7/74
29/23
7/03
+
34/99
6/86
+
34/33
7/54
+
33/16
1/99
+
5/95
1/99
+
5/40
+1/72
6/16
+2/02
6/25
2/19
+
6/18
1/69
+
6/46

Pre

+ 5/89
25/73

7/76
24[78+

+ 5/96
23/77

+6/13
32/22

+5/77
31/35

+6/41
29/61

1/46
5/55+

1/78
5/16+

1/44
5/47 +

5/97+1/81

+2/00
5/97

+1/48
5/86

Type of
training

Dry

Water

Combination

Dry

Water

Combination

Dry

Water

Combination

Dry

Water

Combination

Variable

o) S Al
(a>,9)
Thigh range of
motion
(Degree)

3l &5 > akels
(“?}5)
Knee range of
motion
(Degree)

S > s
AR
()
Plantar flexion
ankle range of
motion
(Degree)
6;5? FEOARY
T OIS (o j90
(4?)3) L
Dorsi flexion
ankle range of

motion
(Degree)
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