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ABSTRACT

Purpose: The relationships of postural stability with its three potential contributing factors, namely,
muscle strength, tactile sensation, and proprioception, have not been clarified at different ages among
older adults. Differences in the relationships may explain the increased incidence of falls among older
adults 75 and older. This study compared the postural stability and its three factors between the older
adults younger or older than 75 and investigated their age-specific relationships.
Methods: A total of 152 participants were recruited and divided into younger-old (65—74 years, n = 83)
or older-old adults (>75 years, n = 69) groups. Their Berg Balance Scale (BBS) and the Timed Up and Go
(TUG) performance, muscle strength, tactile sensation, and proprioception were tested. The group dif-
ferences and age-specific relationships of the performance with the three factors were examined.
Results: Compared to the younger-older adults, the older-old adults had lower BBS and higher TUG
scores, weaker muscle strength, and worse proprioception. Muscle strength and proprioception were
correlated with BBS and TUG among the younger-older adults. Only muscle strength but not proprio-
ception among the older-old adults was correlated with BBS and TUG.
Conclusion: The older-old adults over 75 years have poorer postural stability, muscle strength, and
proprioception compared to the younger-old adults aged 65—74 years. Proprioception provides infor-
mation on postural stability among younger-old adults but not among older-old adults. Keeping pro-
prioception from deteriorating with age could be a key to reducing falls in older-old adults.
© 2022 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

risk factor for falls among older adults* Performance-oriented
functional mobility tests such as the Berg balance scale (BBS) and

With the increased longevity, it is becoming more important
than ever to identify life transitions in the later years and to
recognize the heterogeneity among older adults.' Falls and fall-
related injuries are a significant public health issue, the leading
cause of substantial mortality and morbidity rates among older
adults aged 65 and older,” and the first cause of accidental death
among older adults aged 75 and older.’

Postural stability impairment has been recognized as a major
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the Timed Up and Go test (TUG) are widely adopted in clinical
practice as an objective quantification of fall risks to evaluate the
postural stability deterioration among older adults. The BBS con-
sists of 14 simple balancing-related tasks, ranging from standing up
from sitting to standing on one foot. It is demonstrated to
discriminate fallers from non-fallers successfully.” The TUG is
usually used to assess a person's functional mobility in the time
taken to complete the task.® Many falls occur when older adults
walk or transfer (e.g., getting up from a chair),” and the two tasks
were involved in TUG.® BBS and TUG are complementary in simu-
lating high fall risk environments. The BBS assesses postural control
during standing with little attention to balance during gait.” In

1728-869X/© 2022 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:songqipeng@sdpei.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jesf.2022.07.004&domain=pdf
www.sciencedirect.com/science/journal/1728869X
http://www.elsevier.com/locate/jesf
https://doi.org/10.1016/j.jesf.2022.07.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jesf.2022.07.004
https://doi.org/10.1016/j.jesf.2022.07.004

Q. Wang, L. Li, M. Mao et al.

contrast, the TUG assesses gait balance with the older adults who
can walk, but it only assesses one sequential task of walking and
turning.®

Postural stability is achieved through complex interactions of
multiple sensory, motor, and integrative systems.® Muscle strength,
tactile sensation, and proprioception are potential contributors to
postural stability and fall prevention in daily life among older
adults. The ability of muscles to generate adequate force is critical
for maintaining balance.’ Hip and ankle strength is significant since
the older adults at the risk of falling are more likely to use hip
strategies than those with a low risk of falling, who use ankle
strategies to maintain postural stability.!” Tactile sensation is an
important source of information for stabilizing the center of mass
and controlling body sway.!" Proprioception is critical for gener-
ating smooth and coordinated movements, maintaining normal
body posture, and regulating balance.'” Knee and ankle joints are
the main supporting joints of human lower limbs, and the input of
proprioceptive information around them is crucial to maintaining
postural control and joint stability."®

The rate of falls and their associated complications increases
progressively with age and are about twice these figures for the
elderly over 75 years of age.'* Compared to the elderly under 75,
hip fractures are more common in falls among those aged 75 and
above,'* which is a particularly serious consequence of falls, with
the 1-year mortality rate following hip fracture being approxi-
mately 25%."°

Older adults have a functional decline in postural stability,
muscle strength, tactile sensation, and proprioception, compared to
the young.'®~'° These functional declines may contribute to the
increase in falls among older adults. However, few studies divided
the older adult population into different age groups to study the
sustained decline effect of aging on these factors. In addition,
controversies remain on whether muscle strength, tactile sensa-
tion, and proprioception are related to postural stability. It had been
reported in some studies that impaired muscle strength, tactile
sensation, and proprioception were correlated with postural sta-
bility.'»?%2! Other studies indicated no significant association of
muscle strength, tactile sensation, and proprioception with
postural stability.?> 2 These contradictions may arise because the
relationships between these factors and postural stability are
different in different age groups. Such as, Muehlbauer and co-
workers reported the nonsignificant correlations between muscle
strength and postural stability among middle-aged adults,?> but
Pijnappels and colleagues reported that muscle strength was
associated with postural stability among older adults.”® However,
few studies have divided the older adult population into different
age groups to investigate which factor of decline affects postural
stability among older adults.

Moreover, the rate of falls increases dramatically with age,
especially among those aged 75 and older.'*'® However, the
mechanism behind the observation has hardly been studied.
Therefore, if we can clarify the above points, we can speculate
which factors older adults of different ages rely on to maintain
postural stability, and determine the mechanisms for the increase
in falls among older adults 75 and older, so that we can choose
targeted physical exercise to improve postural stability, develop
precise fall prevention programs among older adults.

This study aimed to compare postural stability and its three
potential factors, muscle strength, tactile sensation, and proprio-
ception, between the older adults younger and older than 75, and
investigate their age-specific relationships. It was hypothesized
that 1. The older adults aged over 75 have less postural stability,
weaker muscle strength, and impaired tactile sensation and pro-
prioception, compared to the younger-older adults; 2. Muscle
strength, tactile sensation, and proprioception were significantly
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correlated with postural stability in older adults over and under 75
years of age.

2. Material and methods
2.1. Participants

The participants were recruited by distributing flyers and
providing presentations in the local communities and nursing
homes. The inclusion criteria were as follows:1) age of 65 or older;
2) independently ambulatory without using assistive devices; 3) no
global cognitive impairment defined by Mini-Mental State Exam
(MMSE) score >24. The exclusion criteria included:1) Self-reported
central nervous system dysfunction, visual defects, dizziness, ver-
tigo, any other vestibular disorders, or psychological problems
related to the fall, such as fear of falling, anxiety, or depression; 2)
evidence of foot sole ulcers by direct assessment. A total of 152
participants were included after the qualification assessment and
included in the final analysis. The older adults were identified as
younger-old (65—74 years) and older-old (>75 years) groups. No
significant differences were detected in age, body mass, and height
between the two groups. See details in Table 1. Independent t-tests
showed that the two groups had significant differences in age
(p < .001), body mass (p = .034), and height (p = .004). All par-
ticipants signed approved written informed consent forms before
participation. Human participation was approved by Institutional
Review Boards in Shandong Sport University (19003) and was in
accordance with the Declaration of Helsinki.

2.2. Protocol

The BBS, TUG, muscle strength, tactile sensation, and proprio-
ceptive were measured for all of the eligible participants. The tes-
ters in this study were trained prior to the experiment and, each
test was conducted by the same tester to ensure consistency. All the
equipment used in this study is regularly maintained and in good
condition. The equipment was operated in accordance with the
manuals provided by their manufacturers. All the tests were con-
ducted in the Lab of Biomechanics at Shandong Sport University,
which has a quiet environment and is equipped with air condi-
tioning to ensure consistent temperature and humidity during the
tests.

2.3. BBS test

The BBS test consists of 14 simple daily functional activity tests
(e.g., sit-to-stand conversion and turning 360°), which showed
excellent inter-rater and intra-rater reliability (ICC value,
0.98—0.99).° The researchers evaluated and scored the participants’
performance during the test. Each test was given (0—4) points, with
a maximum score of 56 points. The BBS scores were tested only

Table 1

The baseline of the participants’ information.
Group Younger-old Older-old p

(n = 83, female = 44) (n = 69, female = 44)

From community 83 58 -
From nursing homes 0 11 -
Age (years) 68.0 + 24 80.8 + 4.4 <.001
Body mass (kg) 65.6 + 9.7 62.4 + 8.9 034
Height (cm) 163.5 + 6.8 160.2 + 7.1 004
BMI (kg/m?) 245 + 3.1 243 +3.2 733

Presented as mean =+ standard deviation.
BMI: Body mass index. Bold: p < .05.
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once, and the total score was recorded after all the tests were
completed.

24. TUG test

The Timed Up and Go (TUG) test was used to quantify functional
mobility, which showed good test-retest reliability and discrimi-
nation validity (ICC = 0.99).% The TUG test collected the time the
participants stood up from a standard armchair, walked a distance
of 3 m, turned around, walked back to the chair, and sat down
again. A total of 3 trials were conducted. The mean value of the
trials was used for data analysis.

2.5. Muscle strength, tactile sensation, and proprioception tests

Details on muscle strength, tactile sensation, and proprioceptive
tests were reported elsewhere.”! Briefly, the muscle strength of
ankle plantarflexion/dorsiflexion and hip abduction was measured
by the IsoMed 2000 strength testing system (D. & R. Ferstl GmbH,
Hemau, Germany; Fig. 1a), which showed good test-retest reli-
ability (ICC value, 0.77—0.98).%° During the ankle muscle strength
test, the participant was in a supine position on the dynamometer
bed with hips and knees in full extension. The waist and thigh of
the test leg were constrained with straps. the participant's waist,
thigh, and foot of the testing leg were fixed with Velcro straps to
ensure ankle stability. During the hip muscle strength test, the
participant was asked to lay on their side with the hip fully
extended. They were then stabilized with belts strapped around the
pelvis. The test leg was stabilized by straps with the knee fully
extended, and the other leg was stabilized on the bed with the knee
slightly flexed. A total of 3 trials from each direction were con-
ducted. The tactile sensation was tested at the great toe, 1st and 5th
metatarsal heads, arch, and heel with a set of Semmes-Weinstein

’ :-

(b) Tactile Sensation Test

(a) Muscle Str
A
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monofilaments (North Coast Medical, Inc., Morgan Hill, CA, USA;
Fig. 1b), which showed good test-retest reliability (ICC value,
0.83—0.86).2° The filaments were applied to the skin on the bases of
the great toe, 1st and 5th metatarsals, arch, and heel in random
order. These touches were performed for 1 s and with 2 repetitions.
The minimum monofilament gauge determined the sensitivity
threshold. A less sensitivity threshold indicates better plantar
tactile sensation. The proprioception of ankle plantarflexion/dor-
siflexion and knee adduction/abduction was measured using the
proprioceptive testing device (Toshimi, Jinan, Shandong, China;
Fig. 1c). Good test-retest reliability (ICC value, 0.737—0.935) for the
device has been reported previously.”” A total of 5 trials were
performed in each direction. The mean value of the trials was used
for data analysis.

2.6. Statistics

The normality of data distribution was checked using Shapiro-
Wilk tests. All outcome variables' mean and standard deviations
were subjected to descriptive analysis. Independent t-tests
(normality) or Mann-Whitney U tests (non-normality) were used
to compare differences between aging groups. Cohen's
d (normality) or n? (non-normality) was used to evaluate the effect
size of between-group differences.’®?° Pearson (normality) or
Spearman (non-normality) correlations were used to determining
BBS and TUG's relationship with each group's muscle strength,
tactile sensation, and proprioception. Participants' height, body
mass, and sex were adjusted as covariates. The thresholds for the
correlation coefficient (r) were as follows: low (0.20—0.39), mod-
erate (0.40—0.59), high (0.60—0.79), and very high (0.80—1.00).*°
All analyses were performed in SPSS 20.0.

ength Test

o

(c) Proprioception Test

Fig. 1. Test illustrations. a. The muscle strength test uses the IsoMed 2000 strength testing system. b. The tactile sensation test with Semmes—Weinstein monofilaments. c¢. The

proprioception test uses a proprioception test device.
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3. Results

The Shapiro—Wilk test showed the non-normal distribution of
BBS, tactile sensation, and proprioception variables. The descriptive
characteristics of the BBS and TUG were showed in Fig. 2. Compared
to the younger-older adults, the older-old adults had significantly
lower BBS and higher TUG scores.

The descriptive characteristics of muscle strength, tactile
sensation, and proprioception are shown in Table 2. Compared to
the younger-older adults, the older-old adults had less muscle
strength of ankle plantar/dorsiflexion and hip abduction, and larger
proprioception threshold of knee flexion/extension and ankle
plantar/dorsiflexion. No significant differences were detected in
tactile sensation.

The age-specific correlations of BBS and TUG with muscle
strength, tactile sensation, and proprioception are shown in Table 3.
Among the younger-older adults, the muscle strength of ankle
plantarflexion and hip abduction was correlated with BBS and TUG.
The proprioception of knee flexion and ankle plantar/dorsiflexion
was correlated with BBS and TUG, and knee extension was corre-
lated with TUG. Among the older-old adults, the muscle strength of
hip abduction was correlated with BBS and TUG, and ankle plantar/
dorsiflexion was correlated with TUG. None of the tactile sensations
were related to BBS or TUG in both groups.

4. Discussion

This present study compared the postural stability and its po-
tential contributing factors, muscle strength, tactile sensation, and
proprioception between the younger-old or older-old adults, and
investigated their age-specific relationships. The outcomes partly
support our hypotheses. We detected that among the elderly
population, postural stability, muscle strength, and proprioception
sensitivity continue to decline with age. And, postural stability was
correlated with muscle strength and proprioception among the
younger-old adults while correlated with muscle strength only
among the older-old adults.

The results showed that the BBS and TUG scores were lower
among the older-old adults. Worse postural stability observations
and higher risk of falls among senior older adults are consistent
with previous studies.>! Weaker muscle strength was detected
among the older-old adults agreeing with muscle strength decline
with aging,®'® which lead to decreased ability to generate adequate

60 -

56 4

52 4

Score

48 4

44 4

40

BBS
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force for maintaining balance.” The non-difference in tactile
sensation between the two groups is supported by one previous
study,”> however, they are inconsistent with one another.>? Only
one monofilament (5.07, 10 g) was used in that study,’> while six
sizes were used in ours. Compared with the younger-old adults, the
worse proprioception among older adults has been reported by
several studies,'” indicating a decline in the dynamic response of
muscle spindles and the atrophy of axons among the older-old
adults, which would lead to defects in the processing and input
of sensory information.>>

The relationship between muscle strength and postural stability
is consistent with some previous studies'>?!; however, inconsis-
tent with others. Melzer and co-workers reported that ankle
muscle strength had no relationship with postural stability.>* Their
study measured only static postural stability during quiet standing,
which was different from ours. Although muscle strength
decreased with aging, there were significant correlations between
muscle strength and posture stability in both groups, indicating
that muscle strength is still a significant contributor to postural
stability among adults older than 75. Therefore, an exercise that
enhances muscle strength may increase postural stability among
older adults.

No relationships were detected between tactile sensation and
postural stability in this study, which was consistent with a pre-
vious study,”® but differed from another one.!! In that study, the
stability was measured by the anteroposterior torque variance
during repeated calf vibrations while standing,'’ which was quite
different from our study. Tactile sensation is not the main source of
information to maintain postural stability. It may be compensated
by other sensory information, such as proprioception, vestibular,
and vision.'>*>3% Since no differences in tactile sensation were
detected between younger-old and older-old adults, and no re-
lationships of tactile sensation with postural stability were
confirmed in either group, it is reasonable to infer that tactile-
enhancing approaches should not be included in fall prevention
exercise prescriptions.

One interesting observation of this study was that propriocep-
tion was related to postural stability among the younger-old adults
while not among the older-old adults. Our outcomes were incon-
sistent with one study, which argued that the relative contribution
of proprioception to postural stability does not alter with age.>” The
discrepancy could be attributed to the protocol differences in
postural stability assessments. In a study conducted by Colledge

—

Younger-old
Older-old

TUG

Fig. 2. Descriptive characteristics of the Berg Balance Scale and the Timed Up and Go tests.

BBS = the Berg Balance Scale; TUG = the Timed Up and Go test.
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Table 2
Descriptive characteristics of the muscle strength, tactile sensation and proprioception.
Younger-old Older-old p Cohen’ d n?
Muscle strength (N*m/kg) Ankle plantarflexion 04 + 0.1 0.3 +0.1 <.001 1.000 -
Ankle dorsiflexion 0.23 + 0.08 0.18 + 0.07 <.001 .665 -
Hip abduction 0.5+0.2 03 +0.2 <.001 811 —
Tactile sensation (gauge) Great toe 4.2 +0.5 44 +0.7 184 - .010
1st Metatarsal 43 +0.6 43 £ 0.5 .079 — .016
5th Metatarsal 43 +04 44 + 0.5 233 — .008
Arch 44 + 0.5 4.5+ 0.6 .989 - .000
Heel 46 + 0.5 4.7 +0.7 526 - .002
Proprioception (°) Knee flexion 26+16 38+24 <.001 — .081
Knee extension 29+23 39+25 .002 — .066
Ankle plantarflexion 26 +2.1 53+39 <.001 - 179
Ankle dorsiflexion 28 +26 54+43 <.001 — 141

Data are presented as mean + SD.
Bold: p < .05.

The thresholds for effect size (Cohen’ d) were as follows: <0.20, trivial; 0.21—0.50, small; 0.51—0.80, medium; >0.81, large. The thresholds for effect size (n2) were as follows:

0.01—-0.059, small; 0.06—0.14, medium; >0.14, large.

Table 3

The age-specific correlations of the Berg Balance Scale and Timed Up and Go scores with muscle strength, tactile sensation, and proprioception.

Younger-old Older-old
BBS TUG BBS TUG

Variables r 4 r P r )4 r P
Ankle plantarflexion | 1395 001 | -267 | .015 227 063 471 <.001
Muscle strength  Apkle dorsiflexion 1149 180 -046 682 086 484 -336 005

(N*m/kg)

Hip abduction 302 006 7523670 033 255 036 -395 .001
Great toe -144 198 -097 386 -188 125 116 347
1% Metatarsal -043 702 -162 145 -028 822 114 356
Tactile sensation 5 Metatarsal -035 755 079 479 009 940 -.062 614
(gauge) Arch -091 415 070 531 -029 814 -005 966
Heel -062 582 049 660 -.051 681 -.036 773
Knee flexion 271 014 251 023 158 197 148 227
Proprioception Knee extension -117 297 275 012 136 268 -.095 442
©) Ankle plantarflexion -.363 .001 328 .003 -173 159 .098 427
Ankle dorsiflexion | -.293 .008 347 001 140 254 070 569

BBS= the Berg Balance Scale; TUG= the Timed Up and Go; r: correlation coefficient;

Bold: p<.05; Shaded cells represent significant correlation coefficients;

Adjusted for age, weight, height, and sex

and co-workers, postural stability was assessed by measuring
postural sway when standing still,’’ whereas assessed by
measuring BBS and TUG in our study. Given that most of the falls
occur when the body is moving rather than standing still,” the BBS
and TUG, which were tested during locomotion, may be better
associated with falls. Proprioception is considered the most
important sensory resource to maintain postural stability among
older adults.'” Proprioceptive receptors send signals about the
stationary position of a limb, along with the speed and direction of
its movement, to the central nervous system to ensure a smooth
and coordinated movement while maintaining postural stability.>
It is no surprise to detect a relationship between proprioception to
postural stability among the younger-old group. However, our
outcomes further indicated the proprioception among older-old
adults could not provide sufficient information for postural stabil-
ity. The disappearance of the relationship among the older-old
adults can be inferred that proprioception deteriorated to a point
where it could not provide any meaningful functional assistance to
the postural stability of the older adults older than 75, which might
reasonably explain the twofold risk of falls among this age group.'*
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Given the above inference and the confirmation of the proprio-
ception decline among the older-old adults, it is reasonable to as-
sume that the rehabilitation of proprioception could be a key to
decreased falls among older adults, and exercises that enhance
proprioception should be included in the exercise prescriptions for
fall prevention among older adults aged 75 and older.

There are some limitations to this study. First, only the effects of
muscle strength, tactile sensation, and proprioception on posture
stability were studied in this study. Other factors, such as visual,
vestibular, or cognitive functions, might also affect postural sta-
bility and falling. However, visual function contributed only about
10% to postural stability,> the vestibular system is more involved in
maintaining balance on an unstable platform,® which was not
applied in the present study. In contrast, the correlation of cognitive
function to postural stability was usually detected among patients
with stroke or Parkinson's,>>*? but rarely in healthy individuals.
Second, eleven participants were recruited from nursing homes.
However, only those who could complete all the tests were
included in this study, so their fitness levels would be in the top tier
and therefore probably not representative of the majority of older
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adults in nursing homes. Third, no history of falls was collected
from participants in this study. Future studies may further explore
the mechanism of falls among older adults by comparing the re-
lationships of falls (or the number of falls) to sensations and
strength between older adults with and without fall history.

It is concluded that compared to their younger counterparts
aged 65—74 years, older-old adults aged over 75 years have less
postural stability, weaker muscle strength, and impaired proprio-
ception. Proprioception provides information on postural stability
among younger-old adults but not among older-old adults. Keeping
proprioception from deteriorating with age could be a key to
reducing falls in old adults aged 75 and older.
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