. HOKKAIDO UNIVERSITY

Acute effects of static stretching on postural control during a maximum forward-leaning task

Title in young and older adults
Author (s) Oba, Kensuke; Samukawa, Mina; Ohta, Moeka et al.
Citation Isokinetics and exercise science, 33(2), 131-137
https://doi.org/10.1177/09593020241300391
Issue Date 2025-05
Doc URL https://hdl. handle.net/2115/95221
Oba K, Samukawa M, Ohta M, et al. Acute effects of static stretching on postural control
Rights during a maximum forward-leaning task in young and older adults. Isokinetics and Exercise
Science. 2024;33(2):pp131-137. Copyright eThe Author(s) 2024. D0I:10.1177/09593020241300391
Type journal article

File Information

02revised manuscript. pdf

kaido
wo¥ Uo%

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




10

11

12

13

14

15

16

17

18

Acute effects of static stretching on postural control during a maximum forward-leaning task in

young and older adults

Effects of stretching on postural control

Kensuke Oba'?, Mina Samukawa', Moeka Ohta’, Izumi Oka®, Satoshi Kasahara', Teppei Suzuki®,

Katsuhiko Ogasawara'

! Faculty of Health Sciences, Hokkaido University, Sapporo, Japan
? Department of Rehabilitation, Hitsujigaoka Hospital, Sapporo, Japan
3 Matsuda Orthopedic Memorial Hospital, Sapporo, Japan

4 Hokkaido University of Education, Iwamizawa Campus, I[wamizawa, Japan

Corresponding author:

Mina Samukawa, PhD, PT

Faculty of Health Sciences, Hokkaido University

Kita 12 Nishi 5, Kita-Ku, Sapporo, Hokkaido, 060-0812, Japan

Phone/ Fax: +81-11-706-3329  E-mail: mina@s.hokudai.ac.jp



19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Abstract

BACKGROUND: Static stretching (SS) is effective in increasing flexibility and neuromuscular

function, leading to changes in postural control.

OBJECTIVE: This study aimed to examine the acute effects of SS on ankle plantar flexors and

dynamic postural control during a maximum forward-leaning task in young and older adults.

METHODS: Twenty-eight university students and 22 community-dwelling older adults were included

in this study. The participants performed 5 sets of 1-min SS for the ankle plantar flexors of both legs

with standing on a stretching board. Ankle dorsiflexion range of motion (ROM) and center of pressure

(COP) during the maximum forward-leaning task, the COP area, and the anterior limit of stability were

assessed before and after SS.

RESULTS: SS increased ankle dorsiflexion ROM, COP velocity, and anterior limit of stability,

whereas changes in the COP area were not significant after SS. Furthermore, there were no differences

in the changes in postural control between young and older adults, whereas ROM increase was greater

in older adults than in young adults.

CONCLUSIONS: These findings suggest that SS can improve postural control and can serve as a

simple, low-risk intervention to reduce the risk of falls in older, at-risk adult populations.

Keywords

Postural balance, postural stability, limit of stability, center of pressure, aging effect
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1. Introduction

Postural control for activities of daily living involves the neuromuscular, vestibular, visual, and

somatosensory systems [1]. Joint flexibility decreases in older adults [2,3], which is associated with

reduced postural control and the occurrence of falls [4-6]. Falls and related injuries can cause disability,

hospitalization, loss of independence, and increased mortality [7]. Moreover, fall-related injuries lead

to activity restriction, further decline in physical function, and loss of quality of life [8,9]. Therefore,

increased flexibility and postural control may reduce the risk of falls, leading to improved health and

social conditions in older adults.

Static stretching (SS) has been commonly used as a preparation exercise in sports. It is typically

beneficial in increasing the range of motion (ROM) and decreasing the musculotendinous stiffness [ 10—

12]. Notably, older adults often exhibit decreased ROM and increased musculotendinous stiffness

[11,12]. SS induces mechanical and neural adaptations in the musculotendinous complex, which affects

force transmission and the proprioceptive feedback system [13—18]. Thus, SS results in the change of

postural control. Age-related increases in musculotendinous stiffness have been linked to impairments

in postural control among older adults [19]. Previous studies report that older adults experience greater

improvements in ROM and reductions in musculotendinous stiffness following SS compared to young

adults [11,12]. Consequently, postural control changes due to SS may differ between younger and older

adults.

The center of pressure (COP) has been used to obtain quantitative outcomes of postural control

during standing tasks [20]. The COP position indicates the position to maintain the posture within the

base of support, while COP velocity determines the extent of sway velocity and COP area reflects sway



60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

area, which represents the ability to stabilize posture in response to self-initiated or externally induced

disturbances [21]. Nagano et al. [22] reported that SS to ankle plantar flexors in young adults

significantly increased anteroposterior (AP) COP range and COP velocity during double-leg standing.

SS to unilateral ankle plantar flexors in young adults also reportedly increased the COP area during

one-leg standing, indicating decreased postural stability [23]. In contrast, Martinez-Jiménez et al. [24]

reported that SS of the ankle plantar flexors in young adults decreased the COP area and improved

postural stability during double-leg standing. Thus, reports on the effects of SS on postural control in

static balance tasks (i.e., one-leg standing and double-leg standing) among young adults are conflicting.

Moreover, postural control during balance tasks involving weight shift has not been thoroughly

examined in previous studies despite the necessity of a smooth COP shift for transferring or shifting

body weight during daily activities. A recent study [21] showed that SS to the bilateral ankle plantar

flexors in young adults did not change the COP area during a maximum forward-leaning task, but

allowed the COP to shift more forward during the maximum forward-leaning task. The maximum

voluntary COP excursion in the base of support is defined as the limit of stability (LOS) and reflects

dynamic postural control [25]. Thus, the SS of the ankle plantar flexors in young adults increases the

anterior LOS while maintaining sway area and improves postural control [21]. The maximum forward-

leaning task is considered an important screening tool for older adults because anterior LOS is

correlated with the dynamic balance score and gait performance in older adults [26,27]. However, it

remains unclear whether SS improves postural control during maximal forward leaning tasks among

older adults and, whether the postural control response to SS differs between older and young adults.

Demonstrating the effects of aging on changes in postural control through SS would allow stretching
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programs to be tailored to individuals and their specific needs.

The present study aimed to examine the acute effects of SS on ankle plantar flexors and postural

control during a maximum forward-leaning task in young and older adults. We hypothesized that both

young and older adults would demonstrate increased flexibility and anterior LOS, with older adults

showing greater improvements in flexibility and anterior LOS than young adults.

2. Methods

2.1 Participants

Twenty-eight young male adults (age 21.4 + 1.2 years; height 171.8 + 5.6 cm; body mass

63.9 = 7.5 kg) and 22 community-dwelling older adults (4 males and 18 females; age 73.9 + 5.5 years;

height 151.8 + 6.1 cm; body mass 54.9 + 8.0 kg) participated in this study. Only young male adults

were recruited to avoid the potential confounding effects of the menstrual cycle on stretching effects in

females [28,29]. Older adults who volunteered to participate in the present study were included from

city council exercise classes. None of the participants had current lower-limb injuries, neuromuscular

diseases, ophthalmologic diseases, or vestibular disorders that affected postural control assessment. For

older adults, participants who had a significant decline in cognitive function were excluded. Written

informed consent was obtained from each participant after sufficient explanation of this study.

2.2 Postural control assessment

All participants performed the maximum forward-leaning task as a dynamic balance

assessment, with COP displacement before and after SS. The COP X-Y positions were measured and
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recorded using a force plate (FDM-S ver. 1.2.0, Zebris Medical GmbH, Germany) at 100 Hz. The

participants stood barefoot with arms crossed over their chests and feet 10 cm apart on a force plate,

with their foot position marked using tape. They were instructed to look straight ahead for 2 m at their

eye level. After the standing posture stabilized, the maximum forward-leaning task was performed. The

participants were instructed to move their COP forward as far as possible for 3 s and maintain their

posture without bending both hips and knees or raising their heels from the floor for 30 s [21]. Several

practice trials were conducted to confirm movements of the maximum forward-leaning task while

minimizing the learning effect. If inadequate motions were observed (e.g., trunk rotation, knee and/or

hip flexion, or heels rising from the floor), participants were instructed to stop and repeat the test. This

task was performed twice. The COP X-Y position during the maximum forward-leaning task was

recorded using WinFDM software (Zebris Medical GmbH, Germany) and processed offline using

MATLAB software (MathWorks, Natick, MA, USA). To clarify the postural control change, the mean

anteroposterior COP (COP4p) position, mean COP velocity, and COP area were determined [21]. We

analyzed 10-s durations starting from 2 s after reaching the peak COP »p position because the timing of

peak COPxp is considered as the transition phase from double-leg standing to maximum forward leaning

[21]. The distance between the heel and the mean COP ap position was normalized using the foot length

of each participant, which was indicated as a percentage of the heel and anterior LOS. The sway speed

of the COP velocity was divided by the total COP length for 10 s. COP area was estimated by the 95%

confidence ellipse area [30]. The COP velocity and COP area were standardized by foot length.

2.3 Range of Motion measurement of ankle dorsiflexion
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Before and after SS, the maximum ankle dorsiflexion ROM was determined using a digital

inclinometer (DL-155V; STS, Japan) based on a previous study [21]. The measurement of ankle

dorsiflexion ROM using an inclinometer has been validated in previous study [31]. Participants were

instructed to put one leg backward as far as possible, with the knee fully extended, and the heel kept in

contact with the ground. The midpoint between the first and second toes and the calcaneus was placed

on the vertical line on the wall to prevent any movement of the subtalar joint with ankle dorsiflexion.

The contralateral side was tested first, and the hands were permitted to touch the wall to preserve

balance. The tibial inclination was measured for ankle dorsiflexion ROM 15 cm distal to the tibial

tuberosity [31]. The measurements were retested when the heel was displaced from the ground. The

measurement was repeated three times on both sides, and the average tibial inclination was defined as

the ROM. To ensure the test-retest reliability of ROM, the ROM measurement of ankle dorsiflexion

was repeated two times in a pilot study (n = 26), and the intraclass correlation coefficients (ICC) were

calculated. ICC was 0.97 [95 % CI: 0.93 — 0.99] for ankle dorsiflexion ROM measurement.

2.4 Static stretching

The participants performed SS for the ankle plantar flexors of both legs while standing on

a stretching board (Toei Light Co., Ltd., Tokyo, Japan) [21] under the supervision of the Ohta Moecka

(O.M.) or Oka Izumi (I.0.). The participants were instructed to stand looking straight forward with their

backs leaning against the wall. The stretch intensity was defined as the point of discomfort but not pain

[28], and the angle of the stretching board was adjusted by 1°. A 60-s SS was performed five times on

both legs, with a rest interval of 30-s. The angle of the stretching board was adjusted between every
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stretch interval to maintain the intensity. Many previous studies reported that SS for a total of 5-min

increased ROM and decreased musculotendinous stiffness [32,33].

2.5 Statistical analysis

All statistical analyses were performed using the SPSS software ver. 21.0 (SPSS Inc., Chicago,

[llinois, USA). The Shapiro-Wilk test was used to evaluate the normality of demographic data, ROM,

and COP parameters. Depending on normality, differences between the young and older adults for

demographic data and baseline value of ROM and COP parameters were evaluated using the unpaired

t-tests or Mann-Whitney U tests. Differences between before and after SS for ROM and COP

parameters were assessed using the unpaired t-tests or Wilcoxon signed rank sum tests. The percent

change in each parameter before and after SS was calculated. The unpaired t-tests or Mann-Whitney U

tests were used to compare the percent change in ROM and COP parameters among young and older

adults. To determine associations between percent change in ankle dorsiflexion ROM and anterior LOS,

Pearson correlation analysis or Spearman’s rank correlation tests were conducted. The significance

level was set at p < 0.05, and all data are presented as the mean = SD.

3. Results

Table 1 shows demographic data for young and older adults. Significant differences in age,

height, body mass, BMI, and sex proportion were observed.

The baseline value of ROM in both young and older adults is presented in Table 2. Young

adults show significantly greater ROM than older adults (p < 0.01). After SS, ROM in both young and
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older adults significantly increased (young p < 0.01; older p < 0.01), and the percent change of ROM

in older adults was significantly higher than in young adults (p = 0.04) as shown in Table 3.

The baseline value of COP parameters in both young and older adults is presented in Table

2. Young adults show significantly greater LOS (p < 0.01), whereas no significant difference in COP

velocity (p =0.11) and COP area (p = 0.053) among young and older adults. SS significantly increased

LOS (young p < 0.01; older p < 0.01) and COP velocity (young p < 0.01; older p < 0.05) in both young

and older adults. However, there was no significant change in COP area (young p = 0.14; older p =

0.28) in both young and older adults after SS. Furthermore, no significant difference in the percent

change of COP parameters between young and older adults (LOS p =0.12; COP velocity p =0.51; COP

area p = 0.91) as shown in Table 3.

No significant correlation was found between the percent change in ankle dorsiflexion ROM and

anterior LOS in both young ( =—0.26, p = 0.19) and older (» = —0.19, p = 0.39) groups.

Table 1. around here

Table 2. around here

Table 3. around here

Fig. 1 around here

4. Discussion

This study investigated the acute effects of SS on ankle plantar flexors and COP during

maximum forward-leaning tasks in young and older adults. The results showed that SS increased ankle

dorsiflexion ROM, anterior LOS, and COP velocity during the maximum forward-leaning task in both
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young and older adults. However, the COP area remained unchanged after SS in both the young and

older adult groups. The percent change in ROM increases was significantly greater in older adults than

in young adults, while no significant difference in COP parameters was observed between the young

and older adults. These findings revealed that SS improved anterior LOS while maintaining postural

stability, indicating the improvement of dynamic postural control; there were no differences in

stretching effects on postural control between young and older adults.

The maximum forward-leaning task is known to ascertain the anterior LOS within the base

of support, which indicates dynamic postural balance [25]. This study revealed that SS increased the

forward shift of the COP during the maximum trunk forward-leaning task in both young and older

adults, increasing LOS and improving dynamic postural balance. Thus, it is evident that SS is also

effective in improving postural control among older adults. In previous studies [34-36], significant

positive correlations were found between the maximal ankle dorsiflexion ROM and dynamic balance

scores (e.g., functional reach test, Star Excursion Balance Test, and forward-leaning balance task).

Moreover, SS in young adults increases the forward shift of COP during the maximum forward-leaning

task with an improvement in ankle dorsiflexion ROM [21]. However, the present study also revealed

no significant positive correlation between the increase in ROM and anterior LOS in both young and

older adults. Consequently, these findings suggest that the increase in anterior LOS during the

maximum forward-leaning task may be attributed to neuromuscular adaptation rather than an increase

in joint flexibility resulting from SS. Furthermore, the COP area did not change during the maximum

forward-leaning task in both young and older adults, indicating that the sway area was maintained

following SS. A previous study also found that SS improved postural control by suppressing the stretch

10
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reflex for postural displacement on an unstable surface [37]. In this study, a larger anterior LOS

following SS would allow a more forward COP shift during the maximum forward-leaning task. Thus,

the participants had to maintain unstable postures as the LOS was getting closer to the edge of the base

of support, and more torque adjustment to the ankle joint was required. Therefore, the present results

indicate that SS suppressed the stretch reflex to postural displacement and improved ankle torque

adjustments, which would adapt the COP velocity and maintain sway area even though the anterior

LOS was increased.

SS in older adults induced a greater increase in ROM, a decrease in musculotendinous

stiffness, and a smaller reduction in muscle strength and muscle activity compared to young adults

[11,12]. We hypothesized that postural control changes after SS could differ between young and older

adults. However, there was no significant difference in COP change between young and older adults

after SS, although ROM increase was greater in older adults than in young adults. As previously

mentioned, the lack of association between increased LOS and increased ROM suggests that factors

other than joint flexibility, such as neuromuscular properties (i.e., changes in reflex activities and central

neural drive) [13,15], are involved in the changes in postural control induced by SS. While not measured

in this study, it is conceivable that differences in muscle activity between young and older adults could

be detected. In the future, muscle activity should be examined to elucidate the postural control changes

resulting from stretching in greater detail.

In clinical practice, SS is commonly performed to prevent sports injuries. Decreased ROM

in older adults is associated with gait performance, balance, and fall risk [4—6,38]. Anterior LOS is

correlated with the dynamic balance score and gait performance in older adults [26,27]. In the present

11
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study, after SS for 5-min, young and older adults had similar improvement in anterior LOS, although

the ankle dorsiflexion ROM and postural control baselines were different. Consequently, SS could be

beneficial in improving flexibility and postural control in both young and older adults, even though

older adults have decreased flexibility and postural control. Therefore, SS is a simple and low-intensity

exercise, and SS for 5-min is appropriate for the prevention of falls and injuries.

This study has several methodological limitations. First, only males participated in the

young adult group. In contrast, the older adult group had a higher proportion of females though the

participants were recruited irrespective of sex. Thus, there was a significant difference in the sex

distribution between the younger and older groups. A recent meta-analysis revealed that sex did not

lead to stretch-induced changes in ROM [39]. Furthermore, in our older adult group, there were no

significant differences between males and females in the changes of all outcomes (ankle dorsiflexion

ROM: p = 0.27; anterior LOS: p = 0.19; COP velocity: p = 0.67; COP area: p = 0.84). Therefore, the

influences of the sex differences of the younger and older groups are considered negligible on the

present results. Second, the exercise habits of each participant were not assessed. Exercise habits and

training background have been shown to influence stretch-induced ROM increase [40]. Older adults

who participated in this study may have been active because they were recruited in city council exercise

classes. Third, this study did not examine the muscle activity during the maximum forward-leaning

task. A possible difference in muscle activity could be observed during maximum forward leaning

among young and older adults with SS. Future studies should assess muscle activity to clarify postural

control differences between young and older adults after SS. Fourth, only the maximum trunk forward-

leaning task was used to assess postural balance. Single-leg standing stability and postural control

12
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against unexpected disturbances are also important in activities of daily living.

5. Conclusion

This study investigated the acute effects of SS on the ankle plantar flexors and postural

control during the maximum forward-leaning task in young and older adults. SS increased ankle ROM,

anterior LOS, and COP velocity, whereas the COP area was unchanged in both young and older adults.

Furthermore, SS showed no difference in the changes in postural control between young and older

adults. These findings suggest that SS improves postural control in both young and older adults and that

it could be recommended for the prevention of falls.
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416

Table 1. Demographic data for young and older adults.

Variables Yo(lrllnf ;g;l lts Olzirfiag;;ts p-value
Age (years) 214+1.2 73.9+5.5 <0.01
Sex (male/female) 28/0 4/18 <0.01
Height (cm) 171.8+5.6 151.8+6.1 <0.01
Body mass (kg) 63.9+£7.5 549+8.0 <0.01
Body mass index (kg/m?) 21.6+£1.9 23.8+£2.8 <0.01

Data are presented as mean + SD.
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417

Table 2. Baseline value of ROM and COP parameters for young and older adults.

Variables Young adults (n = 28) Older adults (n=22)  p-value
Ankle dorsiflexion ROM (°) 45.0+ 7.2 33.5+6.8 <0.01
Anterior LOS (% FL) 71.8+4.5 66.1 £6.5 <0.01
COP velocity (% FL) 0.5+0.1 0.7£0.2 0.11
COP area (% FL) 6.9+3.4 104+ 7.1 0.053

Data are presented as mean + SD.
ROM: range of motion; LOS: limit of stability; COP: center of pressure; FL: foot length.
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419
420

421
422
423
424

Table 3. ROM and COP parameters before and after stretching.

Young adults Older adults

Pre Post %change (95%CI) Pre Post

%change (95%CI)

Ankle dorsiflexion ROM (°) 45.0+72%  50.0+7.6" 12.6+7.9(9.1-16.1) 33.5+6.8° 39.1+6.3"

Anterior LOS (% FL) 71.8+4.5 745+42° 23+29(1.0-3.6) 66.1 +6.5° 70.3+6.1"
COP velocity (% FL) 0.5+0.1 0.6+0.1" 14.6+24.4(3.7-25.4) 07402 0.8+02"
COP area (% FL) 6.9+3.4 84+35 460+884(11.7-803) 104+7.1 112+59

18.4 4 12.0 (13.0 —23.7)
42+3.6(2.6-5.8)
16.9+28.7 (42 -17.1)

40.8 + 90.6 (0.6 - 81.0)

Data are presented as mean + SD.

ROM: range of motion; LOS: limit of stability; COP: center of pressure; FL: foot length. CI: confidence interval.
* Indicates a significant difference between Pre and Post stretching.

*Indicates a significant difference between young and older adults.

25



425  Figure caption

426  Fig. 1 Comparison of the percent changes in ROM and COP parameters between young and older
427  adults.

428  (a): ROM; (b): LOS; (c) COP velocity; (d): COP area.

429  *indicates a significant difference between young and older adults.
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