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Abstract

Older adults’ ability to walk and turn is a crucial factor in quality independent living. This
study aimed to investigate the effect of turning training in comparison with balance
training on balance performance, mobility, turning and fear of falling in older adults.
therefore 45 eligible elderly males at least 60 years old were selected and randomly
assigned to two experimental groups (turning and balance training) and a control group
(n=15). Each experimental group performed their training program for 12 weeks. Static
and dynamic balance, functional balance and mobility, straight walking, turning walking
and fear of falling were measured through force plate, Timed Up and Go Test, 10 Meter
Walk Test, Figure of 8 Walk Test and Falls Efficacy Scale-International respectively. Both
turning and balance training were effective in improving static, dynamic and functional
balance, straight walking and decreasing the fear of falling in both training groups
compared to the control group. Turning training improved turning performance compared
to balance training and the control groups and had a more effect on improving functional
balance than balance training. The use of the turning components in training not only has
the effects of balance training but also has more effects on improving performance in
turning tasks in older adults. Due to the extent of turning situations in daily activities and
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its potential risk for older adults, it is recommended to use the turning components and
perform the turning training in older adults.

Keywords: Combined Training, Turning, Balance, Walking, Fall, and Older Adults.

Extended Abstract

Background and Purpose

Aging is associated with decreased performance and vulnerability. The most
common cause of injury in older adults is falling. Balance disorder plays a
significant role in falls. Walking is the largest part of daily activity. A walking
disorder is one of the most related risk factors for falls. About 70% of falls in older
adults occur when walking (1). 20 to 50 percent of the walking steps are turning.
Turning is a complex maneuver that can cause a fall. Falling while turning is very
dangerous and the risk of hip fracture when falling while turning is 7.9 times
higher than straight walking (2). Nearly half of older adults' physical function
changes are due to inactivity. Regular exercises are effective in maintaining older
adults’ functional abilities. Studies emphasize the effectiveness of multi-
component and multi-planar activities in improving physical function (3), but
these activities, such as turning, are neglected in most training programs. We
hypothesized that adding a turning component to the training would be superior
to conventional training. This study aimed to compare the effect of two protocols
of combined turning-based balance training and conventional balance training on
balance, mobility, turning performance, and fear of falling in older adults.

Materials and Methods

This study was a controlled randomized trial with a three-group design with
training interventions in two experimental groups (turning and balance training)
and a control group, with pre-test and post-tests. The statistical population
included all older adult men aged 60 years and older in Isfahan, among whom 45
people were selected and randomly assigned into three groups of 15 people; two
experimental groups and one control group. Participants in the experimental group
completed 12 weeks of relevant exercises while the control group continued their
normal activities during this period. Inclusion criteria included a man at least 60
years old, having functional independence, and the ability to walk and perform
daily activities without the use of assistive devices. The exclusion criteria included
obtaining a score below 24 on the Mini-Mental State Examination (MMSE),
lacking the requirements of general health and physical activity questionnaires,
having any medical and ethical prohibition to participate in training, having a
history of falls during the past year, inability to perform tests and exercise
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programs, and participating in other regular exercise programs. The static and
dynamic balance were measured by force plate data and center of pressure (COP)
analysis when standing and stance phase of walking, respectively, and the
parameters of range, path length, and velocity of the COP were measured in the
anteroposterior and mediolateral directions. Functional balance and mobility,
straight walking, turning, and fear of falling with Timed Up and Go Test (TUG)
(4), 10-Meter Walk Test (LOMWT) (5), Figure of 8 Walk Test (FBWT) (6), and
Falls Efficacy Scale-International (FES-1) (7) were evaluated, respectively. The
training programs were presented for 12 weeks and 3 sessions of 75 minutes per
week. The training program consisted of four parts: warm-up (10 minutes),
resistance training (25 minutes), the main part (35 minutes), and cool-down (5
minutes). The main part of the training was executed differently in the
experimental groups. One group performed conventional balance training and the
other turning-based balance training. Statistical analysis was performed using the
Mixed ANOVA of design 3 (group: turning training, balance training, and control)
x 2 (test: pre-test and post-test). Pairwise comparisons were calculated using the
Bonferroni test and effect size with partial eta square (n?). P <0.05 was considered
as the significance level in all statistical tests.

Findings

The results showed that within-subject differences related to the main effect of the
time and between-subject differences related to the main effect of the group as
well as time-group interaction were statistically significant (p <0.05). The results
of the Bonferroni test revealed a significant improvement in the variables in the
post-test compared to the pre-test in the experimental groups (p <0.05); however,
in the control group, no significant changes were observed in any of the variables
(p >0.05). Pairwise comparison showed a significant difference in the static and
dynamic balance variables between the experimental groups and control group (p
<0.05) but there were no significant differences between the experimental groups
in any of the variables (p >0.05). In the TUG test, there was a significant
difference between the experimental groups and the control group (P <0.04) as
well as between the turning training and balance training groups (P =0.02). In the
10MWT, a significant difference was observed between the experimental groups
and the control group (P <0.04). In the FSWT, there was a significant difference
between the control and turning training groups (P =0.002) as well as between the
turning training and balance training groups (P =0.04). In the FES-I, a significant
difference was observed between the experimental groups and the control group
(P <0.04).

Table 1- Descriptive information and results of mixed ANOVA and Bonferroni test
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Control Group (n=15)  Turning Group (n =15} Balance Group (n=15) p(r)

Variables Pretest Posttest Pretest Posttest Pretest  Posttest Main - Main
Mgy Msp) PO any e PO Msp) mepy PO SBE AR Grop

Static-AF Range of 4147 4268 063  4L79 1785 0001 4057 3440 001 0001 000z 0001
COP (mm) (463) (64%) (0.006) (6.49) (803 (048 (635) (8.1 (012) (D3 (026) (035)
Static-ML Fange of 2386 1448 0.8z 2257 1312 0.001 2005 17.08 o4 0001 0004 0.003
COP {mm) 4.08) [4.42) (0.001) (6.68) (7.08 (038) (5.68) (.50 {010 (02T 023 (0.4

Static-AP Path

34712 35547 061 36061 28126 0001 32502 20021 Q032 Q001 0002  0.002
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Emh‘ff‘gg*; 217 20372 087 1844 T 0001 19654 101 001 000l 0001 001
E"g(thm) Q00 (56D QWD) Gl (256) (029 (845 (2035 (014 028 (03 (019

Static-AP Velocity 1216 1243 61 1274 928 0001 1168 1035 0001 0001 002 0000
of COP (mm/'s) (163) (L7 (0.006) (1.55)  (L41) (0.6B) (L&4)  (L38) (0I5) (03 (017 (035
Static-ML Velocity 625 645 06 632 445 0001 570 4927 003 0001 0005 0.001
of COP (mm/'s) 021y (16 (0006 (0FTy (115 044 (05 (143 (D08 (D30 (DI (03
Dynamic-APRange 6381 6700 051 6024 458520 0005 6810  57.86 0046 0016 0036  0.030
of COP (rmm) (1483) (1715) (001) (2048) (1791) (017) (1580) (1277} (008) (013} (015) (014
Dynamic-ML Ranga 10321 10650 074 0274 5505 0001 9460 7320 0035 0002 0002 002
of COP (1) (17.08) (2|26 (0.005) (GLEZ (31T (025) (30.68) (2T3T)  {0O0) (020} (025) (OIT)

Dim“u?mpf' 11391 11634 049 10719 8235 0001 10428 0091 0040 000G 0018 0032
E"gth: ) (155 (Q0EE) (0.0M4) (575 (46T (025 (W5 (780 (008 (@015 (@017 @019
Dim'h;ﬂag;th 15675 26221 043 24831 21640 001 35280 23150 006 0025 0042 008
@5&) (3833 (H447)  (0O006) (RO0ET) (WL (014 (3675 (3002)  (00E (01T (014 (01D
‘_,D}I e Dfégp 14511 15035 038 16180 12680 0001 15020 13004 004 0005 027 002
(mmis) (671 (3816 (0O00T) (7RI (3311 (024} (484 (354 (D08 (01T (006 (DIT)
‘_,Dl’ “mm_ ci-‘tﬂ.DP 40380 41687 057  37E95 20001 0001 38605 31257 0052 0008 001 002
& Dfﬁn‘-}'sj (02.68) (0530) (0.008) (P1OE) (66.83) (02 (723 (8651 (0.0 (D16 (DLIT) (01§
UG (5) 1306 1402 070 1316 1170 0001 1370 178 0001 0001 0001 0001
(0.80)  (D.BQ)  (0.O02) (0.ETy (LD (033)  (DTT) (026 (031} (D4T) (040 (0.3E)

10MWT (&) 1L75  ILEl 037 114l 026 0001 1LE 938 0001 0001 0001 0.001
(128 (L23) (003 (156 (133 (006 (1300 (128 (095 (006 (D04 (DID)

FEWT (5) 1198 1219 056 113 918 000l 118 1114 00§ 000l 0002 0013
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FES-1 (score) 3140 3183 053 2887 1107 0001 3003 21333 0001 0001 0004 0012

(694) (4.96) 0.01) (677 (426) (067) (613} (G50 (061 (0697 {033 (05T

Note: M: mean, SD: standard deviation, ML: mediolateral, AP: anteroposterior, mm:
millimeter, s: second, p: significance level, r: effect size, bold values show significant
difference.

Conclusion

The results showed the effect of turning and balance training on improving the
static and dynamic balance control, functional balance and mobility, straight
walking, and reducing the fear of falling in both experimental groups compared
to the control group. In addition, turning training improved turning performance
compared to balance training and the control group, and also had a more effect on
improving functional balance and mobility than balance training. Comparing the
effect size in each of the variables showed that turning training was more effective
than balance training. Balance training creates specific adaptations to imposed
demands by challenging the sensorimotor system by manipulating the size or
stability of the base of support, changing the position of the center of gravity, and
stressing the postural muscles (8). Strength training facilitates the balancing
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process by creating neuromuscular adaptations and improving muscle response
and strength. The combination of training may have a synergistic effect and
enhance performance. Turning training increases the challenge by adding turning
components and performing multi-planar movements and creates more impact
compared to the conventional training. The similarity of turning movements to
daily movement patterns contributes to making them more transferable. Turning
training involves more balance systems and processes due to more complexes and
requires higher sensory-motor integration and cognitive demands that may be
accompanied by more compatibility. Based on the similarity of principle of
training, the patterns used in turning training with the daily balance and movement
requirements are effective in the efficacy of turning training. These mechanisms
may explain the further improvement in the turning training group than in the
balance training group.

Keywords: Combined Training, Turning, Balance, Walking, Fall, and Older Adults.

Article Message

Due to the extent of turning situations in daily activities and its potential risk for
older adults, and the effectiveness and improvement of turning performance in
older adults as a result of turning training, it is recommended to use the turning
components and perform the turning training for older adults.
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1. The Range of Center of Pressure (COP)

2. The Path Length of Center of Pressure (COP)
3. The Velocity of Center of Pressure (COP)

4. Stance Phase
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1. Functional Balance and Mobility
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2. Dynamic walk
3. Grapevine walk
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