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Objective: To investigate the effect of a 16-week Tai Chi practice on strength, tactile sensation, kinesthesia, and
static postural control among older adults of different age groups.

Methods: This is a quasi-experimental study. Thirteen participants aged 60-69 years (60-69yr), 11 aged 70-79
years (70-79yr), and 13 aged 80-89 years (80-89yr) completed 16 weeks of 24-form Tai Chi practice. Their
ankle and hip peak torque, tactile sensation, ankle and knee kinesthesia, and the root mean square of the center
of pressure (Cop-RMS) were measured before (week 0) and after (week 17) practice.

Results: 80-89yr showed less ankle plantar/dorsiflexion and hip abduction peak torques (p = 0.003, p < 0.001, p
= 0.001), and a greater ankle plantar/dorsiflexion kinesthesia (p < 0.001, p = 0.002) than 60-69yr and 70-79yr.
Greater ankle plantar/dorsiflexion and hip abduction torques (p = 0.011, p < 0.001, p = 0.045), improved arch
and heel tactile sensation (p = 0.040, p = 0.009), and lower knee flexion/extension kinesthesia (p < 0.001, p =
0.044) were observed at week 17. The significant group*practice interaction for the fifth metatarsal head tactile
sensation (p = 0.027), ankle plantar/dorsiflexion kinesthesia (p < 0.001, p = 0.004), and the CoP-RMS in the
mediolateral direction (p = 0.047) only in 80-89yr revealed greater improvement at week 17.

Conclusion: Tai Chi practice increased strength, tactile sensation, kinesthesia, and static postural control among
older adults. Tai Chi practice improved tactile, kinesthesia sensations, and static postural control among older
adults over 80, who presented with worse strength and kinesthesia than their younger counterparts. Tai Chi
practice offers a safe exercise option for those aged over 80 to encourage improvements in sensorimotor control.

1. Introduction

Falls lead to fractures and head injuries among older adults, resulting
in significant medical expenditures.' One-third of older adults aged 65
and older had a fall at least once a year, and fall rates increased with
age.”

Strength, tactile sensation, and proprioception contribute to postural
control,’ and their reduction may help explain why balance impairment
is one of the greatest risk factors for falls among older adults.” Postural
control requires the motor system (muscle strength) and precise coor-
dination of inputs from the somatosensory system, including tactile
sensation and proprioception.®

Age-related functional declines in muscle strength,® tactile
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sensation,’ proprioception,® and postural control® are accompanied by
atrophy of muscle fibers,'® reduced density and elasticity of tactile re-
ceptors,'! and decreases in spindle diameter and the number of intra-
fusal fibers,'? which increased fall risks among older adults.® These
functional declines do not necessarily inform researchers and clinicians
about the age-specific differences among older adults.

Tai Chi, often described as “moving meditation,” also proved effec-
tive in improving strength,'* tactile sensation,'* proprioception,'® and
static postural control.'®!” Age is one of the main risk factors for falls
among older adults, and fall risk increases with age.'® Furthermore, the
lack of physical activity among the aging population is alarming and
needs to be addressed.'® Seventy-five percent of people aged 75 and over
do not meet the recommended physical activity level®” yet few studies
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involving physical activity include data on older adults over 80 years
and differentiate participant ages by decades. To our knowledge, no
existent published studies include comparisons of the differences in Tai
Chi’s effects on strength, tactile sensation, kinesthesia, and static
postural control among older adults of different age groups. This leads to
the question of whether Tai Chi produces the same effects among older
adults compared with younger counterparts. Relevant information may
increase the confidence and willingness of older adults to practice Tai
Chi and prescribe targeted exercises for older adults aged over 80 years
and most prone to falls.

In this study, we aimed to investigate the effect of 16 weeks of Tai Chi
practice on strength, tactile sensation, kinesthesia, and static postural
control among older adults of different age groups. We hypothesized
that 1) compared to the younger counterparts, those over 80 would
present with less strength and worse tactile sensation, kinesthesia, and
static postural control, and 2) 16 weeks of Tai Chi practice would
improve strength, tactile sensation, kinesthesia, and static postural
control relatively equally among older adults of different age groups.

2. Methods
2.1. Sample size estimation

An a priori power analysis (G*Power Version 3.1) indicated that a
minimum of 30 participants was required to achieve an alpha level of
0.05 and a statistical power of 0.80. Based on a previous study, in which
the ankle dorsiflexion kinesthesia was compared among three groups of
older adults (Tai Chi, Brisk walking, and no-exercise control) before and
after 16-week interventions (Tai Chi group, Week 0: 1.94 + 0.40°, Week
16: 1.15 + 0.20°; Brisk walking group, Week 0: 2.12 + 0.47°, Week 16:
1.63 £ 0.53°; Control group, Week 0: 2.13 + 0.30°, Week 16: 1.90 +
0.34°, ng (group*practice interaction) = 0.092).15

2.2. Participants

Thirty-nine older adults were recruited by distributing presentations
in the local communities, with 13 participants aged 60-69 years
(60-69yr), 11 participants aged 70-79 years (70-79yr), and 13 partic-
ipants aged 80-89 years (80-89yr). The inclusion criteria were: 1) aged
over 60 years and 2) no Tai Chi experience. The exclusion criteria
included: 1) self-reported history of neuro-musculoskeletal disorders, 2)
self-reported diseases that could dramatically impact gait or postural
control, 3) having a cardiac pacemaker or history of sole foot ulcers, and
4) cognitive impairment determined by the Mini-Mental State Exam
(MMSE) score of 24 or less.

Human participation was approved by the Institutional Review
Boards of the local University (2019005) and following the Helsinki
Declaration.

2.3. Tai Chi practice

From August to December 2019, participants from three age groups
practiced the 24-form Tai Chi together under the supervision of a
qualified Tai Chi instructor in four 1-h sessions per week for 16 weeks,
with the assistance of three graduate students who frequently practice
Tai Chi. The instructor wore a microphone and stood on a 25-cm-high
platform to ensure that each participant could hear and see him
clearly. Three graduate students assisted in correcting the participants’
movements as they practiced and provided safety assistance when they
performed difficult movements or were at risk of falling. Details of the
practice are shown in Table 1.

2.4. Protocol

This is a quasi-experimental study. At week 0, the participants signed
an informed consent form and gave supplementary information, along
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Table 1
The full routine of Tai Chi practice.
Time 10 min 20 min 20 min 10 min
Week 1 Warm- To learn new movements: Practicing  Relaxation
up Starting Posture; Part the Wild
Horse’s Mane on Both Sides;
White Crane Spreads its Wings
Week 2 Warm- Brush Knee and Twist Step on Practicing  Relaxation
up Both Sides; Hold the Lute; Grasp
the Bird’s Tail-Left Side
Week 3 Warm- Rollings on Both Sides; Grasp the ~ Practicing  Relaxation
up Bird’s Tail-Right Side; Single
Whip
Week 4 Warm- Cloud Hands; Single Whip; High Practicing  Relaxation
up Pat on Horse
Week 5 Warm- Kick with Right Heel; Twin Practicing  Relaxation
up Peaks; Turn and Kick with Left
Heel
Week 6 Warm- Push Down and Stand on One Practicing ~ Relaxation
up Leg-Left/Right Style; Work at
Shuttles on Both Sides
Week 7 Warm- Needle at Sea Bottom; Flash the Practicing ~ Relaxation
up Arms; Turning body, Pulling,
Blocking and Pounding
Week 8 Warm-  Apparent close up; Cross Hands; Practicing ~ Relaxation
up Closing Form
Week Warm- Practicing Relaxation
9-16 up

with the MMSE and Medical History form. Muscle strength, tactile
sensation, kinesthesia, and static postural control were measured at
weeks 0 and 17, respectively.

2.5. Muscle strength, tactile sensation, kinesthesia, and postural sway
tests

A detailed description of muscle strength, tactile sensation, kines-
thesia, and postural sway tests was previously reported.® Greater
strength and smaller tactile sensation, kinesthesia, and CoP-RMS indi-
cated better performance.

Strength of hip abduction and ankle plantarflexion/dorsiflexion was
measured using the IsoMed 2000 strength testing system (D. & R. Ferstl
GmbH, Hemau, Germany), which has good reliability.21 Three trials
were conducted in each direction at an angular velocity of 60°/s.

Tactile sensation at the great toe, first and fifth metatarsal heads (M1
and M5, respectively), arch, and heel were performed by the Semmes-
Weinstein monofilaments (North Coast Medical, Inc., Morgan Hill, CA,
USA), which have good reliability.22 One investigator applied filaments
(bent at 90°) to the plantar surface on each of the five locations for 1 s in
random order. The tactile sensation was determined by the minimum
monofilament gauge.

Kinesthesia assessment of knee flexion/extension and ankle plan-
tarflexion/dorsiflexion involved a proprioceptive testing device (Sunny,
Jinan, Shandong, China), which has good reliability.>® The device was
composed of a box and a platform that rotated steadily at an angular
velocity of 0.4°/s until the participant stopped it with a hand switch
when they determined the movement. Participants closed their eyes and
wore headphones with music playing to eliminate visual and auditory
stimuli. In each direction, five trials were carried out.

Postural sway was measured to assess balance. The participant was
instructed to look straight ahead and keep their arms beside the trunk in
a comfortable posture with feet together, and stand still on a force plate
for 60 s. Data from the force plate (KISTLER, 9287 B A, Bern,
Switzerland), known for good test-retest reliability,24 were collected at
1000 Hz and used to calculate the root mean square of the center of
pressure in anteroposterior (CoP-RMS;;,) and mediolateral (CoP-RMS,)
directions:
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2

CoP — RMS,, — 1| =ML
n

2

CoP — RMS,, = 2 APl
n

n is the number of data points; ML and AP are the COP displacement in
the mediolateral and anteroposterior direction.

2.6. Data analysis

The Shapiro-Wilk test was used to determine the normality of all
outcome variables. Evidence for the between-subject factor of group
(60-69yr, 70-79yr, 80-89yr), within-subject factor test (pre/post
practice), and group*practice interaction effects were assessed with a
mixed-model two-way ANOVA (normally distributed data) or a
Scheirer-Ray-Hare test (non-normally distributed data) while control-
ling for the covariates, sex, height, and weight. Stratified t-tests with
Bonferroni adjustment were conducted for post-hoc testing when
applicable. Cohen’s d (d) values provided evidence of small (0.2), me-
dium (0.5), and large (0.8) effect sizes.”” All analyses were performed
using SAS 9.4 (SAS Inst., Cary, NC, USA), and the significance level was
set at 0.05.

3. Results

Shapiro-Wilk tests showed that the tactile sensation data were non-
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normally distributed, and the muscle strength, kinesthesia, and CoP-
RMS data were normally distributed; hence, Scheirer-Ray— Hare tests
and two-way ANOVA tests with repeated measures were applied.

Data of two participants with attendance rates <70% were excluded
due to time commitment (Fig. 1), other participants completed all the
sessions. No regular exercises other than Tai Chi were practiced and no
adverse effects were reported during the intervention.

Thirty-seven participants remained: 13 in 60-69yr (female = 7; age
= 65.6 + 1.0 years; height = 162.6 + 7.8 cm; mass = 63.3 + 10.1 kg;
BMI = 23.5 £+ 2.7 kg/mz), 11 in 70-79yr (female = 7; age = 73.0 &+ 3.4;
height = 158.7 + 10.8; mass = 62.1 + 9.0 kg; BMI = 24.2 + 3.6 kg/m?),
and 13 in 80-89yr (female = 8; age = 85.3 + 2.6 years; height = 155.3
+ 2.8 cm; mass = 61.1 + 6.3 kg; BMI = 25.1 + 2.6 kg/m?).

The relative peak torques are shown in Fig. 2. No significant group by
practice interaction was detected. Significant practice effects for ankle
plantarflexion (p = 0.011, nf) = 0.47, F34,2) = 7.24), dorsiflexion (p <
0.001, 2 = 0.176, F(34 2) = 30.127), and hip abduction (p = 0.045, % =
0.113, F(34,2) = 4.325) revealed an increase from week 0 to week 17.
Significant group effects in ankle plantarflexion (p = 0.003, nf, =0.293,
F(34,2) = 7.036), dorsiflexion (p < 0.001, ng = 0.436, F34,2) = 13.151),
and hip abduction (p = 0.001, ng = 0.357, F(34,2) = 9.458) indicated that
80-89yr produced less peak torque for ankle plantarflexion (p = 0.003,
d = 0.932), dorsiflexion (p < 0.001, d = 0.965) and hip abduction (p <
0.001, d = 0.951) than 60-69yr, and for ankle plantarflexion than
70-79yr (p = 0.028, d = 0.894). 70-79yr also produced less peak tor-
ques than 60-69yr for ankle dorsiflexion (p = 0.024, d = 0.897).

The tactile sensation thresholds are shown in Fig. 3. A significant

{ Enrollment ]

Assessed for eligibility (n=41)

Excluded (n=0)

+ Not meeting inclusion criteria (n=0)
+ Declined to participate (n=0)

¢ Other reasons (n=2)

\ 4

Randomi

zed (n=39)

v l Allocation

Allocation v

60-69yr: Allocated to intervention (n=13)

+ Received allocated intervention (n=13)

+ Did not receive allocated intervention
(give reasons) (n=0)

70-79yr: Allocated to intervention (n=13)
+ Received allocated intervention (n=13)
+ Did not receive allocated intervention

(give reasons) (n=0)

80-89yr: Allocated to intervention (n=13)

+ Received allocated intervention (n=13)

+ Did not receive allocated intervention
(give reasons) (n=0)

v Follow-Up il

I Follow-Up

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Lost to follow-up (n=2)

Discontinued intervention (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Analysis il

Analysis 4

Analysed (n=13)
+ Excluded from analysis (n=0)

Analysed (n=11)
+ Excluded from analysis (n=0)

Analysed (n=13)
+ Excluded from analysis (n=0)

Fig. 1. The flowchart of assignment in the study.
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104 = Week 0
’ m=m Week 17 Group<0.001 Group=0.001
Practice<0.001 Practice=0.045
£ 081 —e<0.001 c<0.001_
E 2=0.024
Z — 1
% 0.61 Group=0.003
& Practice=0.011
=}
§ 0.4 ¢=0.003
o b=0.028
2
5 024
o
m

0.0-

60-69yr 70-79yr 80-89yr
Ankle plantarflexion

60-69yr 70-79yr 80-89yr
Ankle dosiflexion

60-69yr 70-79yr 80-89yr
Hip abduction

Fig. 2. Mean relative peak torque representing muscle strength of the ankle
plantarflexion (left panel), dorsiflexion (middle panel), and hip abduction (right
panel) are shown for each age group at weeks 0 and 17 (Practice). Error bars
represent +1 standard error. 60-69yr participants aged 60-69 years,
70-79yr = participants aged 70-79 years, 80-89yr = participants aged 80-89
years. P-values representing significant differences for Group, Practice or a =
between 60-69yr and 70-79yr, b = between 70-79yr and 80-89yr; ¢ = between
60-69yr and 80-89yr are provided.

—= Week0

mmm Week 17
6.0
Practice=0.009
5.5 -
5.0
4.54 ]
4.0
3.5
A0 Practice=0.040
5.0
254
60-69yr 70-79yr 80-89yr . |
Heel ’
4.0
3.5
3.0

60-69yr 70-79yr 80-89yr
Arch
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group by practice interaction (p = 0.040, Th% =0.169, F(34,2) = 2.526) for
M5 showed its thresholds decreased from week 0 to week 17 in 80-89yr
(p = 0.027, d = 0.837, F(342) = 5.310) with no changes detected in
60-69yr and 70-79yr. Significant practice effects were detected at arch
(p = 0.040, n3 = 0.118, F(34,2) = 4.541) and heel (p = 0.009, 3 = 0.186,
F(34,2) = 7.755) denoted that each decreased from week 0 to week 17. No
group effect on tactile sensation threshold was detected.

The kinesthesia thresholds are shown in Fig. 4. Significant group by
practice interaction for plantarflexion (p < 0.001, Tl;2> = 0.395, F340) =
36.770) and dorsiflexion (p = 0.004, ng =0.273, F = 25.093) decreased
from week O to week 17 in 80-89yr only (plantarflexion = p < 0.001, d
= 0.945, F(34’2) = 31.912; dorsiflexion = p< 0.001, d= 0.946, F(34’2) =
22.400). Significant practice effects in kinesthesia thresholds for knee
flexion (p < 0.001, n;‘; = 0.409, F34,2) = 23.498) and extension (p =
0.044, r]f, = 0.114, F(34,2) = 4.382) designated decreases from week 0 to
week 17 for all groups. Significant group effects for plantarflexion (p <
0.001, n2 = 0.392, F34.2) = 10.957) and dorsiflexion (p = 0.002, 3 =
0.313, F(34,2) = 7.744) revealed that plantarflexion and dorsiflexion for
80-89yr exceeded 60-69yr (p < 0.001, d = 0.966) and 70-79yr (p =
0.020, d = 0.899) plantarflexion and 60-69yr (p = 0.002, d = 0.936) and
70-79yr (p = 0.023, d = 0.894) dorsiflexion, respectively.

The CoP-RMS is shown in Fig. 5. Significant group by practice
interaction (p = 0.047, ng = 0.169, F(342) = 3.354) for CoP-RMS;;
showed its thresholds decreased from week O to week 17 in 80-89yr (p
< 0.001, d = 4.0, F(34,2) = 16.782) with no changes detected in 60-69yr
and 70-79yr. No group main effect was detected.

6.0 6.0
5.51 5.5
5.01 5.01

60-69yr 70-79yr 80-89yr,
Great toe

60-69yr 70-79yr 80-89yr
First metatarsal head

Group*Practice=0.040

a=0.027
-

60-69yr 70-79yr 80-89yr
Fifth metatarsal head

Fig. 3. Mean tactile sensation thresholds are shown for each age group at weeks 0 and 17 (Practice). Error bars represent +1 standard error. 60-69yr = participants
aged 60-69 years, 70-79yr = participants aged 70-79 years, 80-89yr = participants aged 80-89 years. The curvy black line represents the outline of a footprint, and
the location of each bar chart matches the position on the foot. P-values representing significant differences for Practice, Group* Practice, or a = from week 0 to week

17 in 80-89yr are provided.
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Group<0.001 Group=0.002
Group*Practice<0.001 Group*Practice=0.004
¢=0.002
b=0.023 ¢<0.001 |
a<0.001 [M]
12.07 == Week0 - a<0.001
== Week 17 .
10.0+
g 404 Practice<0.001 Practice=0.044 |
& -
E —
.E 6.0
[
g
2 407
M —_—
2.0 1
0.0 T T
60-69yr  70-79yr 80-89yr 60-69yr  70-79yr 80-89yr 60-69yr  70-79yr 80-89yr 60-69yr 70-79yr 80-89yr

Knee flexion Knee extension

Ankle plantarflexion Ankle dosiflexion

Fig. 4. Mean kinesthesia threshold for knee flexion (left panel), knee extension (middle-left panel), ankle plantarflexion (middle-right panel), and ankle dorsiflexion
(right panel) are shown for each age group at weeks 0 and 17 (Practice). Error bars represent +1 standard error. 60—69yr = participants aged 60-69 years, 70-79yr
= participants aged 70-79 years, 80-89yr = participants aged 80-89 years. P-values representing significant differences for Group, Practice, Group* Practice, or a =
from week 0 and week 17 in 80-89yr, b = between 70-79yr and 80-89yr, c = between 60-69yr and 80-89yr are provided.

5+ == Week 0
=== Week 17
4 Group*Practice=0.047
g
2} <0.001
Z a
R
=
o
O 3

60-69yr  70-79yr

80-89yr
CoP-RMSap

60-69yr  70-79yr  80-89yr

CoP-RMSml

Fig. 5. Mean CoP-RMS (root mean square of the center of pressure) repre-
senting postural sway in anteroposterior (ap-left panel) and mediolateral (ml-
right panel) directions are shown for each age group at weeks 0 and 17
(Practice). Error bars represent +1 standard error. 60-69yr = participants aged
60-69 years, 70-79yr = participants aged 70-79 years, 80-89yr = participants
aged 80-89 years. P-values representing significant differences for Group*-
Practice or a = from week 0 to week 17 in 80-89yr are provided.

4. Discussion

The results indicated that 80-89yr was weaker, with less kinesthesia
sensitivity, and worse static postural control than other groups. Tai Chi
practice improved all participants’ strength, tactile sensations, and
kinesthesia. The most novel outcomes of the present study are that Tai
Chi practice also produced superior effects on improving plantar tactile
sensation in one-foot location, ankle kinesthesia, and CoP-RMS; only in
the 80-89yr, who had less ankle kinesthesia initially. We discuss how
the results support previous research, how these novel results improve
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our understanding of peripheral lower limb sensorimotor control among
older adults of different ages, and how Tai Chi may improve such
control.

Compared with 70-79yr and 60-69yr, 80-89yr possessed less
strength and worse ankle kinesthesia. The strength reduction among
older adults agrees with previous reports that muscle strength declines
progressively.® Explanations for less muscle strength in the 80-89yr
likely accompany the loss of muscle mass and changes in the properties
of muscle fibers with age.”® The worse kinesthesia among older adults
also agrees with previous work, in which older adults aged 75-90 years
showed worse kinesthesia than younger counterparts.® Worse kines-
thesia may relate to age-related morphological changes in the muscle
spindle?” and the structural modifications of the Golgi tendon organs. '
However, there were no significant differences in tactile sensations and
static postural control among the three age groups in the present study.

The study results indicated that Tai Chi improved strength, tactile
sensation, and kinesthesia sensitivity among older adults. The
improvement in strength through Tai Chi corresponds with results from
previous studies.'>® Tai Chi involves practicing in a half-squat position
with continuous movements, constantly shifting body weight from side
to side. The knee flexions, squats, and other movements in Tai Chi
require repeated concentric and eccentric contractions of the muscles
surrounding the lower extremity,”” which could improve lower ex-
tremity muscle strength. The improvement in tactile sensation through
Tai Chi also matches results from a previous study.'® Tai Chi might
expand representation in the primary somatosensory cortex to amplify
somatosensory information from the plantar mechanoreceptors.>’ The
improved kinesthesia from Tai Chi matches the results from a meta--
analysis.>! Most Tai Chi movements are practiced in different directions
and requiring various ankle movements,>> which may enhance the
function of mechanoreceptors located in the joint capsules, ligaments,
tendons, and muscles to improve kinesthesia.>® The improved postural
control is in accordance with different systematic reviews that Tai Chi
may be beneficial for improving postural control.>**° Practitioners were
requested to shift their bodies in different directions, including forward,
backward, sideways, and turning during Tai Chi.>® The ability of older
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adults to control the shift of the center of mass was enhanced, reducing
the oscillation range of CoP in mediolateral directions, thereby
improving postural control for participants.

Sixteen weeks of Tai Chi practice for older adults over 80 revealed
slightly greater improvements in tactile sensation than 60-69yr and
70-79yr (i.e., improvements in M5), which resemble those for older
practitioners compared to younger practitioners.’” Since Tai Chi may
delay the structural and physiological deterioration of the somatosen-
sory cortex with age,® it may also improve its cortical plasticity, which
remains intact in older adults,®® as tactile sensation strongly accom-
panies cortical plasticity in the primary somatosensory cortex.””

80-89yr improved ankle kinesthesia with Tai Chi practice more than
60-69yr and 70-79yr. The greater improvements likely resulted from
worse pre-training kinesthesia perceptions than 60-69yr and 70-79yr.
Support for this supposition comes from fewer relative numbers of large
sensory neurons reported in cadaver ankles of older than younger
counterparts.® That proprioceptive acuity decreased by 19.2% in older
adults over 75 years compared to those aged 60-75 &. Muscle spindles,
which contribute significantly to proprioception and kinesthesia,*® un-
dergo morphological and functional changes with age, like the increased
fusiform bursa thickness and loss of total fibers within each fusiform,*'
which follow a decrease in sensory neuron innervation and associated
alpha motor neuron denervation.*” The greater age-related perception
of position and movement declines associated with muscle spindle
function explain the poorer ankle kinesthesia in 80-89yr compared to
60-69yr and 70-79yr. These findings offer insight into potential
mechanisms underlying improvement.

The reduction in CoP-RMS;, observed after Tai Chi practice in
80-89yr rather than 60-69yr and 70-79yr indicated that Tai Chi helped
reduce standing mediolateral sway in 80-89yr. Maintenance of postural
control requires interactions of orientation-related neural pathways
from the somatosensory (proprioceptive, cutaneous) system.43 Specif-
ically, the sensory information from proprioceptive and cutaneous
mechanoreceptors is transmitted to the central nervous system (CNS)*
and used to detect changes in body position (kinesthesia) and contract
specific muscles to restore balance.”® Our data provided evidence that
some strength impairments and kinesthetic sensory receptor deficits,
observed in 80-89yr, can be remediated with Tai Chi practice. The
improvements in kinesthesia and tactile sensations only observed in
80-89yr after practicing Tai Chi likely explained the improvements in
postural sway observed for this group. Moreover, less sway, like that
observed in the present study, may benefit participants in fall prevention
as greater CoP-RMSyy positively associations with future falls.*®

Tai Chi practice may increase the efficiency of central regulation
since evidence exists for its positive effects on CNS function and
microstructure.”’ Tai Chi involves a somatosensory, attentional training
exercise with meditative slow-motion components to sense the entire
body.?” Attentional training could explain the greater activation of
various cortical areas in response to age-related somatosensory de-
clines,*® like those with poor kinesthesia, especially in the distal ex-
tremities.'? The greater reliance on visual cues related to age-reduced
somatosensory acuity used to maintain balance during an upright
stance,”® which improves with Tai Chi practice,”” further supports the
use of higher brain center activation with Tai Chi. However, greater
reliance on visual cues also encourages greater attention on the envi-
ronment (external focus) which encourages a more automated process of
postural control, less attention on internal somatosensation, and less
swaying.”! The attentional training associated with Tai Chi can help
people switch from an internal focus on somatosensation needed to
perceive movement to an external focus on visual inputs to move less
when needed. A physiologic complexity that arises from an affluent
feedback loop network integrating subcortical, cortical, and peripheral
motor circuitry to regulate posture control exists.”> Although aging
aggravates the decline of the physiologic complexity of the neuromus-
cular control system and coordination,>® Tai Chi practice may improve
physiologic complexity.®*
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All three groups can benefit from Tai Chi practice. However, 80-89y
showed greater sensory improvements. Literature shows sensory loss is a
more pronounced risk factor for this age group.'* Therefore, the older
people are, the more they benefit from Tai Chi practice; not only can
they get stronger, but they also curb the loss of sensitivity that is
detrimental later in life.

5. Limitations

We did not collect fall history data, which could help interpret the
significance of the variable. The participants in this study represent
community residents and caution is required in nursing homes. We did
not have a control group. We did not measure gender differences since
the sample size was not big enough to divide the participants into
different gender groups. There was no follow-up with participants, so
assessing long-term effects was impossible. Although our results met the
normality standard for the mixed-model two-way ANOVA we used,
more participants in each group could improve our confidence in the
results.

6. Conclusion

People over 80 have less strength and worse kinesthesia than older
adults between 60 and 80. Tai Chi practice increased strength, tactile
sensation, kinesthesia, and static postural control, providing older adults
over 80 with additional improvements in distal somatosensation that
might reduce postural sway and potentially counteract some age-related
declines. Tai Chi practice offers a safe exercise option for those aged over
80 to encourage improvements in sensorimotor control.
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