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 Background: One of the effects of diabetes mellitus (DM), peripheral neuropathy, affects the sensation in the feet and can 
increase the chance of falling. The purpose of the study was to investigate the effect of 8 weeks of Tai Chi (TC) 
training combined with mental imagery (MI) on improving balance in people with diabetes and an age matched 
control group.

 Material/Methods: Seventeen healthy subjects and 12 diabetic sedentary subjects ranging from 40–80 years of age were recruit-
ed. All subjects in both groups attended a Yang style of TC class using MI strategies, 2 sessions a week for 
8 weeks. Each session was one hour long. Measures were taken using a balance platform test, an Activities-
specific Balance Confidence (ABC) Scale, a one leg standing test (OLS), functional reach test (FRT) and hemo-
globin A1C. These measures were taken twice, pre and post-study, for both groups.

 Results: Both groups experienced significant improvements in ABC, OLS, FRT (P<0.01) after completing 8 weeks of TC 
exercise with no significant improvement between groups. Subjects using the balance platform test demon-
strated improvement in balance in all different tasks with no significant change between groups. There was 
no significant change in HbA1C for the diabetic group.

 Conclusions: All results showed an improvement in balance in the diabetic and the control groups; however, no significant 
difference between the groups was observed. Since the DM group had more problems with balance impair-
ment at baseline than the control, the diabetic group showed the most benefit from the TC exercise.
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Background

Diabetes mellitus (DM) is a silent systematic disease that 
threatens world health [1]. It can be present for a few years 
with no symptoms, and most people do not know that they 
have the disease until they experience complications or ad-
vanced symptoms [1]. In addition, most people with DM do 
not notice the onset of symptoms such as frequent urination 
or extreme thirst because these symptoms increase gradually 
over a period of years, making it difficult for patients to notice 
the changes [2]. According to the World Health Organization 
(WHO), more than 347 million people worldwide have diabe-
tes, and prevalence will increase to double or even triple that 
number by the year 2030 [1]. One of the effects of DM, pe-
ripheral neuropathy, affects the feet sensation which can in-
crease the chance of falling [3].

The central nervous system integrates the afferent informa-
tion from the vestibular, visual and somatosensory systems to 
control balance [3–5]. The autonomic nervous system main-
tains blood flow for proper muscle and organ function [6]. 
During activities that require balance, blood flow increases to 
help the somatic and central nervous systems to control bal-
ance by providing sufficient blood flow to somatosensory or-
gans [7–9]. The combination of aging and living with DM can 
impair blood flow to tissues. This, in turn, can reduce the ef-
fectiveness of all three balance system components and, as a 
consequence, lead to impaired somatosensory sensation, pro-
prioception (vestibular system) and vision [3–5]. After a few 
years, a patient’s muscles become weaker, reducing their abil-
ity to maintain their center of gravity in a stable position over 
their base of support without falling [10]. As somatosensory 
information from the foot and ankle is affected, it causes pos-
tural instability, leading to foot injuries, foot ulcers, and possi-
bly lower limb extremity amputation [1]. It has been estimated 
that more than 60% of non-traumatic lower-limb amputations 
are related to DM [5,11]. Falling is an expected result of postur-
al instability and considered a major problem in older people 
and people with DM. Studies have shown that balance train-
ing such as Tai Chi (TC) exercise can improve postural stabil-
ity [12–21]. Other studies have shown an increase in balance 
with mental imagery (MI) [22,23].

Tai Chi, as a traditional exercise regimen, has been practiced 
in China to improve balance and postural control. It is called a 
body-mind technique because the person uses his or her mind 
while accomplishing the exercise [24]. TC is a combination ex-
ercise involving weight shifting, postural alignment, and slow 
coordinated movements with synchronized deep breathing. 
This combination involves many different mental and physical 
elements, such as calm concentration on the movement, fol-
lowing the instructor’s example to achieve the proper form to 
improve muscle elasticity, while tying the movement to deep 

breathing in order to enhance cardiac output and support the 
muscles with adequate blood flow [25,26].

Tai Chi differs from other forms of exercise such as running, 
because the complex series of movements requires the in-
dividual to concentrate while performing each movement. 
Concentration during repetitive tasks aids in the learning pro-
cess, especially in the damaged nervous system [27]. In many 
patients with diabetes, the feet provide false (signal) informa-
tion to the brain about ground reaction forces due to impaired 
sensory function [28]. In TC, subjects move slowly, visualizing 
the movement while concentrating on how each movement 
feels; this helps people to become more aware of sensation. 
Previous studies have supported the role of MI in terms of re-
learning or re-conditioning [29,30].

Many studies have shown that TC has positive results in el-
derly people in terms of minimizing the chance of falls and 
improving balance [12–16,31–35], proprioception [25,36], 
circulation [17,37] and blood pressure [18]. In a majority of 
the studies, program interventions were lengthy, varying be-
tween 4 months to 5 years [12–14,16,19–21,25,34,36,38,39]. 
Shorter periods of Tai Chi have been shown to have benefits 
in stroke patients, Parkinson’s disease and cardiovascular dis-
ease [40–43]. No reports have examined the effect of Tai Chi 
for short periods (less than 4 months) in people with diabetes. 
Diabetes is of interest in that it is characterized by enhanced 
loss in sensation, balance and motor control leading to more 
reliance on the visual system. Therefore, Tai Chi may be more 
effective if it includes more visual cues to help this population.

Motor or mental imagery (MI) is defined as “the mental rep-
resentation of movement without any movement” [29]. It is a 
process of imagining an action without executing it. The sub-
ject relies on memory to understand the process of the ac-
tion. During mental practice, the subject repeats the imagined 
acts to improve the actual performance of the movement [29]. 
The combination of physical and mental practice helps to re-
store successful movement. In this process, the person men-
tally and explicitly rehearses the sequence of movements re-
quired while doing the task. The focus and planning increases 
awareness of the required task [29,30,44].

The purpose of this study was to investigate the effect of 8 
weeks of TC training, combined with mental imagery, on im-
proving balance in people with diabetes and an age matched 
control group. This is unique in that no one has combined TC 
with MI, a logical conclusion for people with somatosensory 
and vestibular impairments. In this study, it was hypothesized 
that focusing on MI strategies during exercise with TC would 
help in optimizing and improving balance and sensation in a 
shorter treatment time in people with diabetes compared to 
age matched controls.
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Material and Methods

Subjects

Subjects 40 to 80 years of age were recruited. The following 
inclusion/exclusion criteria were used to determine eligibili-
ty for enrollment in the study. Inclusion criteria included: 1) 
had not practiced TC in the last 4 months; 2) did not exercise 
more than once per week; 3) body mass index (BMI) between 
10 and 35 Kg/m2; 4) normal or controlled blood pressure; and 
5) normal range of motion, at least 5/5 muscle power bilater-
al. Subjects were excluded if they: 1) took medications which 
could affect balance; 2) had a history of frequent falling; 3) 
had vision problems; and 4) had orthopedic/ neuromuscular/ 
cardiovascular impairments that restricted exercise.

A convenience sample of 40 subjects, 20 of them diagnosed 
with Type 2 diabetes and 20 subjects who were in the con-
trol group. Eleven subjects withdrew due to conflicts with the 
TC class schedule. Data analysis was based on the remaining 
29 subjects who completed the study. Twelve were diagnosed 
with Type 2 and 17 were in the control group.

Measurements

The following tools were used as valid and reliable clinical 
measures of balance that have been used in many studies.

Balance platform test

The balance platform used in this study was developed by 
Petrofsky et al. (2009) and has been validated in a previous 
study [45]. This device consisted of four stainless steel bars 
mounted at four corners of the platform (TML Strain Gauge 
FLA-6, 350-17, Tokyo, Japan). The output of the strain gauge 
bridge was amplified by four BioPac 100C low-level bio-po-
tential amplifiers and recorded on a BioPac MP 150 system 
through a 24-bit A/D converter. The sampling rate was 2000 
samples per second.

During the test, a gait belt was placed around the subject’s 
waist as a safety precaution and a researcher remained near-
by to prevent falls. Each subject stood over the platform while 
performing eight different tasks, or positions. Each position 
was executed with eyes opened and closed. At the beginning, 
the subject was asked to keep their eyes fixed on a target on 
the wall, with arms crossed on the chest and standing quiet-
ly on the platform with feet apart for 10 seconds. The center 
of mass provided weight distribution among the four sensors. 
The device recorded sway. The subjects were asked to perform 
the eight tasks in random order for 10 seconds each with one 
minute rest time between each task. The eight tasks were: 1) 
Feet apart, eyes opened and firm surface (this task used as 

referent for each subject); 2) Feet apart, eyes closed and firm 
surface (FAEC-FIRM); 3) Tandem standing, eyes opened and 
firm surface (TEO-FIRM); 4) Tandem standing, eyes closed and 
firm surface (TEC-FIRM); 5) Feet apart, eyes opened and foam 
surface (FAEO-FOAM); 6) Feet apart, eyes closed and foam sur-
face (FAEC-FOAM); 7) Tandem standing, eyes opened and foam 
surface TEC-FOAM); and 8) Tandem standing, eyes closed and 
foam surface (TEC-FOAM). The basic task was to stand with 
feet apart on a firm surface with eyes open. For each subject, 
this task was used as referent for all tasks. This test was used 
to alter and challenge different sensory systems. In this study, 
three factors were used, both singly and in combination, to 
investigate the effect on balance. These factors were base of 
support, surface challenge, and vision. The mean coefficient 
variation was calculated to compare pre- and post-test results 
using the basic task as a referent for each subject.

The Activities-specific Balance Confidence (ABC) Scale

Subjects completed the 16-item Activities-specific Balance 
Confidence (ABC) scale [46] that subjectively quantifies pa-
tient confidence when performing mobility tasks. Among the 
elderly, researchers demonstrated that the ABC scale has ex-
cellent test-retest reliability)r=0.92, p<0.001) [46]. Furthermore, 
a previous study had shown that the ABC scale has adequate 
criteria and construct validity [47]. The ABC score was calcu-
lated as following:

sum of the 16 questions − 1600
1600  × 100

 Function reach test (FRT)

The FRT was used to assess dynamic balance [48]. A yardstick 
was placed on the wall at shoulder level and the subjects were 
asked to stand with their dominant shoulder next to the wall 
without touching or leaning on the wall and then elevate their 
arm to 90 degrees of shoulder flexion parallel to the wall. The 
investigator recorded the starting position at the distal end of 
the third metacarpal head on the yardstick. The subject then 
was asked to reach forward as much as possible without tak-
ing a step forward, and the maximum reaching point was re-
corded. The investigator demonstrated the task and asked the 
subject repeat to it as to ensure that the subject performed the 
test correctly. The subject performed the task three times and 
the average was recorded. The FRT has excellent test retest 
reliability (ICC=0.92) and inter rater reliability (ICC=0.98) [48]. 
Previous studies indicated that FRT has good criterion validi-
ty [49,50] and responsiveness [51].

One leg standing test (OLS)

This test was performed to assess static balance [52,53]. The 
subject was asked to stand on one leg with eyes open and 
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arms on the hips. The length of time was recorded from when 
the patient’s foot was off the floor until it touched the floor 
again. The investigator demonstrated the task and asked the 
subject to repeat it. The subject then performed the task three 
times and the average was recorded. Researchers have found 
that the OLS has a good interclass correlation coefficient (ICC 
range=0.95 to 0.099) and within the rater interclass correla-
tion coefficient (ICC=0.73 to 0.93) [54].

The HemoglobinA1C test for diabetic group

The Hemoglobin A1C (HbA1C), a blood test which measures the 
average concentration of blood glucose over a 3-month peri-
od, is the most common outcome measure for glucose control 
[55,56]. Approximately 5 µL of blood (from finger stick) was 
obtained and used to measure the HbA1C level with a Food 
and Drug Administration (FDA) approved device called the DCV 
Vantage analyzer (SIEMENS®, Tarrytown, NY, USA).

Intervention (Tai Chi exercise combined with Mental 
Imaginary)

All subjects in both groups underwent the same TC exercise 
program. A certified TC instructor handled the class for the 
whole program. TC has many styles, and we found that the 
Yang style was the most appropriate because it had the im-
portant characteristics relevant to MI and somatosensory en-
hancement. These characteristics included slow coordinated 
movement, weight shifting with wide steps, a one-leg stance, 
stretching, and mental concentration. The exercise was con-
ducted over a thick mat and with shoes off for greater senso-
ry enhancement and challenge as indicated in previous stud-
ies [57,58]. In this study, we used MI strategies, for example, 
subjects were asked to concentrate on sequence of each move-
ment in TC. Also, they were asked to mentor the exercise vi-
sually from the TC instructor before they executed any move-
ment. Then, they were instructed to do and feel the movement 
sequence while they visually were watching themselves in the 
front of the mirror with supervision from the instructor to cor-
rect any movement if needed to achieve better outcomes as 
reported in a previous study [59].

Procedures

After screening for inclusion and exclusion criteria, subjects 
were provided with detailed information regarding the pur-
pose of the study, procedures and tests, potential risks and 
scheduled time of the TC exercise. If the subject agreed to pro-
ceed, he/she signed the informed consent form as approved 
by Institutional Review Board (IRB) at Loma Linda University 
before proceeding to testing and taking measurements.

A researcher took all subject measurements. Baseline mea-
surements were taken to assess balance using the following 
tools: 1) balance platform test; 2) the activities-specific bal-
ance confidence (ABC) Scale, 3) one leg standing test (OLS), 
and 4) function reach test (FRT). In addition, HbA1C blood test 
was done for the diabetic group only.

Subjects participated in 1 hour sessions, 2 times a week for 
8 weeks. Each session consisted of 15 minutes of warming-
up exercises, including stretching, loosening the muscles, and 
breathing exercises, and followed by 45 minutes of TC exercise, 
Yang style. All subjects had the same type intervention of TC 
exercise. The first test was conducted during the informed con-
sent process, and then outcome measures taken after the sub-
jects completed the 8-week TC exercise intervention. The mea-
surements took around 2-3 hours to complete each measure.

Data analysis

Data were analyzed using SPSS 22.0 (IBM, Armonk, NY). The 
demographic characteristics of the subjects were compared 
between the diabetic and control groups using independent 
t-test for the quantitative variables and Chi-square for inde-
pendence for categorical variables. The normality of the out-
come variables at baseline and post intervention was examined 
using One-sample Kolmogorov-Smirnov test. Since the distri-
bution of these variables was not approximately normal, the 
baseline scores and differences between post and pre mea-
sures for ABC, FRT and OLS were compared between the two 
groups using Mann-Whitney U test. In each study group, com-
parisons between post and pre measures after the TC exercise 
were assessed using the Wilcoxon Signed rank test. For the 
different balance tasks, changes between post and pre mea-
sures were examined using paired t-test and between diabet-
ic and control groups using an independent t-test. The level of 
significance was set at p£0.05.

Results

Twenty nine subjects completed the study, 12 (41.4%) diabetics 
and 17 (58.6%) controls. The distribution of age, gender, and 
BMI were similar in both study groups. Among subjects with 
diabetes, the average duration of the disease was 10.8±5.4 
years with a mean HbA1C of 6.8±0.8 (Table1).

The mean ABC score improved significantly in both groups. 
Among subjects with diabetes, the average dropped 
from17.7±3.3 to 6.5±1.3 (p<0.01) and from 7.5±2.8 to 3.5±1.1 
in the healthy controls (p<0.01). However, there was no signifi-
cant difference between the two groups (p=0.17). Similar find-
ings were observed for the functional reach test and the one 
leg standing test. In the diabetic group, the mean FRT distance 
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increased from11.2±0.5 to 12.8±0.6 inches (p<0.001) and from 
11.7±0.4 to 13.3±0.5 inches in the controls (p<0.01) and this 
difference was not significant between the two study groups 
(p=0.91). Also, the mean one leg standing score increased 
from 29.8±12.3 to 48.5±17.3 (p<0.01) and from 44.4±10.4 to 
80.5±14.6 in the healthy controls (p<0.01) and this improve-
ment was not significantly different between the two groups 
(p=0.17; Table 2). In the diabetic group, there was no signifi-
cant difference between HbA1C at baseline and after 8 weeks 
of TC training (6.8±0.8 to 7.0±1.4, p=0.50).

Both groups had balance improvements for the various tasks 
of balance platform; however, this improvement did not differ 
between groups (Figures 1, 2). Both groups experienced sig-
nificant improvement for the following tasks in stations TEO-
FIRM, FAEC-FOAM and TEC-FOAM.

Discussion

Fear of falling and impaired balance are two of the complica-
tions of diabetes and aging. Reflexes are generally more slug-
gish with older people and people with diabetics. Loss in bal-
ance occurs slowly over years. Falls increase medical costs in 
the elderly [60].

The primary purpose of this prospective clinical study was to 
examine the effect of 8 weeks of TC exercise plus mental imag-
ery in improving balance in a diabetic group compared to age 
matched controls. To our knowledge, this was the first study 
using TC that focused on MI to get the maximum benefit of 
8 weeks of exercise. Other studies have examined both short 
intense daily basis of TC [31,33,61] and long term effects of 
TC [12–14,16,19–21,25,34,36,38,39] but none have added MI.

Characteristic
Diabetic (n=12) Control (n=17)

P valuea

Mean (SD) n (%) Mean (SD) n (%)

Age (years)  63.8 (8.1)  63.6 (6.5) 0.91

Gender (female)b  8 (66.7)  13 (76.5) 0.43

Weight (Kg)  86.8 (17.2)  77.4 (17.4) 0.16

Height (m)  1.8 (0.1)  1.7 (0.1) <0.01

BMI (Kg/m2)  27.9 (5.5)  27.1 (4.3) 0.66

Duration of diabetes (years)  10.8 (5.4)

A1C at baseline  6.8 (0.8)

Table 1. Demographic characteristics of participants (N=29).

SD – standard deviations; BMI – body mass index. a P value from Independent t-test; b Chi square.

Tool Group Mean (SE)
Pre-post 
P valuea

Between Group 
P valueb

ABC

Diabetic
Pre  17.7 (3.3)

<0.01

0.17
Post  6.5 (1.3)

Control
Pre  7.5 (2.8)

<0.01
Post  3.6 (1.1)

Functional Reach 
Test

Diabetic
Pre  11.2 (0.5)

<0.001

0.91
Post  12.8 (0.6)

Control
Pre  11.7 (0.4)

<0.01
Post  13.3 (0.5)

One Leg Standing 
Test

Diabetic
Pre  29.8 (12.4)

<0.01

0.17
Post  48.5 (17.4)

Control
Pre  44.4 (10.4)

<0.01
Post  80.5 (14.6)

Table 2. Changes in ABC, functional reach test and one leg standing test in diabetic (n=12) and control (n=17) subjects.

SE – standard error; a P value from Wilcoxon Signed Rank Test; b P value from Mann-Whitney U Test.
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In this study, it was hypothesized that TC exercise combined 
with focusing on MI would improve balance control and con-
fidence from fear of falling. Diabetes and aging may lead to 
some impairment in the sensory input in the foot, which in-
creases the risk of falling [3–5]. Combining TC exercise and MI 
used for applying the concept of “re-learning” enhanced the 
somatosensory system and helped restore some functions lost 
due to aging and/or diabetes such as increased balance and 
reduced fear of falling.

These findings were in line with other clinical studies which 
concluded that TC exercise improves balance and function. 
The intervention program for those studies was longer than 8 
weeks [12–16,19–21,34,36,38,39] or for a more intensive daily 
course [31,33,61]. This study was only two times a week for 8 
weeks. Comparing Tai Chi used in other studies alone on peo-
ple with diabetes for 4 months, there was an increase of 47% 
in one leg stance time in one study [62]. In the present inves-
tigation a 63% increase was seen in just 8 weeks, half the time 
and better increase in balance. In another study in people with 
diabetes by Ahn, with 12 weeks of tai chi on people with type 

2 diabetes, the one leg stance time was improved by about 
25% [63]. Thus while many of the parameters were not the 
same in different studies on people with diabetes, the use of 
MI seems to have increased the recovery of balance and fear 
of falling better than Tai Chi alone.

The results of this study indicated that both groups achieved 
significant improvement in balance in 8 weeks. The improve-
ment in both groups was similar but considered more ben-
eficial to the diabetic group as this group had more balance 
impairment at baseline. The findings of this clinical trial were 
consistent with other studies which reported improving bal-
ance in a longer term of intervention of TC exercise with dif-
ferent populations [12–21]. The results of this study support-
ed this short term program in improving balance. Practicing 
TC in the long term induced some changes in the brain struc-
ture (brain morphometry) [64]. This reveals the effect of MI in 
changing brain structure.

The ABC scale was calculated as the percent change, mean-
ing a smaller percent indicates more improvement. In this 

Figure 1.  Mean ± standard error of postural 
sway (Coefficient of Variation of the 
postural sway) in diabetic group. * 
Significant difference between pre and 
post exercise.
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Figure 2.  Mean ± standard error of postural 
sway (Coefficient of Variation of the 
postural sway) in control group. * 
Significant difference between pre and 
post exercise.
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study, a comparison between the two study groups at base-
line indicated that the diabetic group had more balance im-
pairment. However, both groups improved significantly, with 
no difference between groups. For the FRT test, the baseline 
measurements were similar with significant improvement in 
both groups. However, this change was not significantly dif-
ferent between groups.

For the OLS, the baseline time was less in the diabetes group 
compared to the control group. However, the improvement was 
significant in both groups. This result was consistent with the 
other balance outcome measures in this study that showed 
the diabetic group saw more improvement because their im-
pairment was more significant at baseline.

Similarly, the results of all tasks using the balance platform im-
proved in both groups with no significant difference between 
groups. This indicates that TC exercise was beneficial for both 
groups. The three- altered sensory factors together (TEC-FOAM) 
showed significant improvement in both groups. It is the most 
difficult of the tests and alters 3 conditions during attempted 
balance as has been well documented [65].

Based on this study’s findings, physical therapists are encour-
aged to recommend TC exercise for diabetic and geriatric pa-
tients. The results of this study suggested that teaching the 
patient to focus on mental theory while doing TC exercise is 

the best way to promote and accelerate the “re-learning” pro-
cess in order to improve balance.

The strengths of this study include duration, intensity of the 
exercise, and use of MI to accelerate the “re-learning” pro-
cess and improve function. The findings of this study showed 
an improvement at 8 weeks with mild intensity TC exercise 
(1 hour/2 times/week) while most studies used similar or lon-
ger duration interventions more intense daily programs. One 
limitation of the study was that measurements were not tak-
en at the mid-point (4 weeks) to check the subjects’ progress.

Conclusions

This clinical trial supported the effectiveness of TC exercise 
combed with MI in improving balance in 8 weeks for diabet-
ic and control groups. However, since the level of impairment 
was higher in the diabetic group at baseline, TC exercise was 
more beneficial for the diabetic group compared to the con-
trol group, which is related to the disease pathology.
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