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Efficacy of antigravity and Pilates exercise to improve balance in T2DM
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ABSTRACT

Introduction and Aim: Increased risk of fall and injury, disturbance in gait and balance is always associated with
type 2 diabetes. The more common risk factor in diabetes is the fear of fall. Exercise provides stability, improves
the dynamic balance and has a great influence to maintain the equilibrium of the body. The aim of the study was to
analyse the effect of antigravity and Pilates exercise to improve balance in diabetes mellitus patients.

Materials and Methods: This is an experimental study and a comparative type. The study was done in the Faculty
of Physiotherapy OP department, A.C.S. Medical College and Hospital with a study sample of 30 patients with
male and female in the age group of 45 -65 years. Based on the inclusion and exclusion criteria the subjects were
segregated into two groups. Group A- were implemented with antigravity exercise for half an hour for three days
per week for 12 weeks and Group B -were implemented with Pilates for forty-five minutes for three days per week
for 12 weeks.

Results: The study revealed that anti-gravity exercise was better than Pilates exercise and which helps in increasing
the balance, muscle strength and prevent falls Risks and provides a great significant difference in post- test mean
value (P <0.001).

Conclusion: At the end of the study, it indicates that anti-gravity exercise was found to be more effective in
improving the balance among diabetes mellitus patients.

Keywords: Balance training; hyperglycaemia; Berg balance scale; timed up and go test; gait impairment.

INTRODUCTION postural stability is required. It is important to perform
i sitting, standing, lying down and when balance is

he most important health problem of the — atfacteq this leads to developing the fear of falling in
21%century is diabetes. The leading cause of patient with DM which in turn affects the quality of
(death in many countries is diabetes and its life of the patients (8). Fall related injuries are often
complications (1). The prevalence of diabetes in the assumed to have affected the quality of life because of
20-79 years age group has increased in the last two their influence on physical activity levels of affected
decades. Diabetes mellitus (DM) is nowadays an patients (9). T2DM gradually affects the balance,
important issue affecting the public and has a great reaction time and plays a vital role to increase the risk
influence on patients and society. Thus, it is an of fall compared with controlled subjects. Major
emergency period to find out the effective treatment complications such as peripheral neuropathy, diabetic
and intervention for diabetes control and prevention retinopathy are the common causes of mechanisms for

(2). T2DM and its complications are the main causes falls (10).

for morbidity, and it reduces the life expectancy of the

people (3). T2DM is the most common type of The most common factors of T2DM are inactivity due
diabetes than type 1 and gestational diabetes (4). The to change in lifestyle which leads to obesity.
most common factors for DM2 that influence is Nowadays Pilates exercise is the recently used which
change in the lifestyle of the children due to junk food is used to engage both body and brain which was
intake and sedentary life (5). T2DM is the most invented by Joseph Pilates in 1880 (11). For decades,
common cause for fall in elderly population and hence exercise has been considered a cornerstone of diabetes
it is considered as geriatric giants. According to management, along with diet and medication (12).
WHO, the major influence factor for falls in older The development of the medicine field gives a way to
adults is poor balance (6). maintain fitness of the body with different innovative

exercise interventions enhancing health (13). Anti-
gravity exercise and other lifestyle changes are the
strategic parameters in the management of diabetes.
Anti-gravity exercises include climbing up and down

The prevalence of the disease increases with age,
commonly affecting the elderly population aged 65 to
74 years (7). For daily living activities balance and
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the stairs post 1 hour 45 minutes of lunch and dinner
(14).

T2DM is a metabolic disorder characterized by
hyperglycemia and relative lack of insulin. Balance
training improves the additional physical activity.
Antigravity and Pilates exercise reduces the blood
glucose level and reduces the risk of falls and
improves well-being. Regular exercise improves
insulin resistance. The subjects must be taught with
the difference between physical activity and exercise
to be performed. Anti-gravity exercise helps improve
the balance among T2DM patients. Usually the
diabetic patients undergo walking, but it may not be
enough to just walk and so a little bit of exercise can
help improve balance. This study was designed to
assess Wwhether antigravity and Pilates exercise
exhibited differences in balance and risk of falls for
T2DM.

METHODOLOGY

The study is a comparative study design with pre and
post analyses with a sample size of 30 subjects at
A.C.S Medical College and hospital as the study
setting. Convenient sampling method was performed.
Subjects who were included in the study were of age
group selected between 45 - 65 years; subjects with
diabetes for more than 7 years, subjects with balance
impairment, both male and female. Subjects who were
excluded from the study were disabled and mentally
retarded people, juvenile diabetes, subjects with
infections like foot ulcers, subjects with severe
orthopaedic conditions and subjects recently affected
with any cardiac conditions. The physiotherapy
intervention, anti-gravity and Pilates exercise were
given to the two groups. The outcome measure used in
the study is Berg balance scale and timed up and go
test.

Ethical clearance

Ethical clearance for the study was obtained from the
Institutional Review Board A-48/PHYSIO/IRB/2019-
2020.

Procedure

Subjects were examined and allotted physiotherapy
intervention based on the selection criteria and
divided into two groups. First, both the groups were
asked about the demographic information (age,
occupation, duration of diabetes). Group A subjects
were given antigravity exercise. The subject was
given a warmup session with a period of 10 min,
followed by moderate exercise such as non-jumping
jacks for 10 counts with 2 sets of repetition. Followed
by several exercises with minimal intensity to be
practiced, after a few days based on the capacity of
the individual the exercise repetition has been
gradually increased. After the set of exercises were
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completed cool down exercises were given to relax
the muscles and to make the exercise more effective.

Group B subjects were given Pilates exercise. The
basic principles of Pilates exercise were explained and
general information on them was provided during the
beginning of the session. In the first four weeks the
exercise was done on mats, followed by standing
posture.

Berg balance scales and timed up and go tests were
used to assess the balance among T2DM patients.
Exercise protocol
- Antigravity exercise duration: 30 minutes session
three times per week.
- Pilates exercise: 45 minutes session three times per
week.

Group A anti-gravity exercise

Anti-gravity exercise and other lifestyle changes are
the strategic parameters in management of diabetes.
Patients is given a moderate exercise training in the
form of climbing strains up and down [without knee
pain] with warm up session of 10 min, prior to
training and cool down phase of 5 min before anti-
gravity exercise. After warm up session give anti-
gravity exercise such as non-jumping jacks, alternate
arm raise, single leg swings by holding the chair. Cool
down phase in 5 min takes body to rest.

Single leg raise: Stand on both the legs, by holding
the chair lift one leg off the floor as high as possible
by bending the knees in right angle.

Pelvic bridging: Press the heels into the floor and
activate the glutes and abdominal muscles to raise the
pelvis off the floor.

Wall sit: Place your feet firmly on the ground,
shoulder on the wall, and then about 2 feet out from
the wall. Slide your back on the wall by bending the
legs.

Leg raises: Place your legs straight, feet and knees
together, raise one leg as far as possible. Pause for a
count of 1 or more, with a repetition of 10 counts in
each leg.

Non-jumping Jacks: Stand upright with your legs
together, arms at side. Spread one leg to be about
shoulder width apart. Stretch your arms out and over
your head.

Knee raises: Sit on the chair and back must be
straight. Maintain your feet on the floor with legs
slightly apart, take one leg and lift keeping your knee
bent. Raise until the back of the thigh is slightly off
the chair. Repeat on the other side.

Group B Pilates exercise

The exercise program is given for a period of 12
weeks and 3 days for a week with a duration of 45
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minutes. Each session started with a simple relaxation
technique to warm up followed by supine stretching
for 30 seconds per side with three repetitions followed
by wall hamstring stretch, single knee to chest, pelvic
curl, double knee to chest. To provide passive
movements at the end of the cool down phase in 5 min
takes the body to rest. Moreover, a break of 30
seconds was provided between every exercise.

Single leg stretch: Lie on the floor with both legs
extended and arms along the sides. Pull the right knee
towards your chest and hold your right knee with both
the hands. Repeat on the other side.

Spinal stretch: Sit down with legs extended, exhale.
Reach forward up and over the barrel and stretch
forward.

Swan: Lie face down on the mat, press your hands
into the mat and place elbows back towards your
heels. Raise chest and upper spine to move off the mat
into an upward arch.

Saw: Sit on the mat with legs extended, touch the left
toe with your right hand and left hand is extended
back.

Double leg stretch: Lie on the mat with both the legs
extended with arms at side. Pull both the knees
towards the chest and hold with both the hands for a
period of 5 seconds

General instruction during relaxation exercise

Be calm and comfortable in a relaxed position, avoid
extra movements, inhale for 4 seconds and hold the
breath for 5 seconds and exhale for 7 seconds.
Perform this 5 times.

Data analysis

The data were tabulated and analysed using both
descriptive and inferential statistics. The parameters
were assessed using a statistical package for social
science (SPSS) version 24. Paired t-test was adopted
to find the statistical difference within the groups and
independent t-test (Student’s t-test) was adopted to
find statistical difference between the groups.

RESULTS

On comparing the mean values of group A and group
B on Berg Balance Scale Score, a significant increase
in the post test mean values was seen in both groups,
but (Group A - Anti gravity exercises) shows 49.93
which has the higher mean value is effective than
(Group B - Pilates exercises) 41.40 at P < 0.001(Table
1). Hence null hypothesis is rejected.

On comparing the mean values of group A and group
B on Time Up and Go Test Score, it shows significant
decrease in the post test mean values in both groups,
but (Group A — Anti- gravity exercises) shows 10.20
seconds which has the lower mean value is effective
than (Group B - Pilates exercises) 15.66 seconds at P<
0.001 (Table 2). Hence null hypothesis is rejected.

Table 1: Comparison of Berg balance scale score between group A and group B in pre and post-test

Group A Group B -
t - test Significance
BBS Mean | S.D. | Mean | S.D. Df | >
Pre-test 31.80 | 455 | 31.86 | 1.68 | -.053 28 | 0.958"
Post- test | 49.93 | 3.45 | 41.40 | 1.24 | 9.00 28 | 0.000***

(*- P >0.05), (**- P <0.001) Mean, Standard deviation (S.D.), t-test, degree of freedom (df) and
p-value between (Group A) and (Group B) in pre-test and post-test weeks.

Table 2: Comparison of time up and go test between group A and group B in pre and post-test
Group A Group B .
TUG Mean SD. Mean SD. t-test | Df | Significance
Pretest 11893 170 | 1900 | 164 |-109 | | .914°
Post- test | 10.20 1.47 15.66 1.34 -10.61 | 28 .000***

(*- P>0.05), (***- P <0.001) Standard deviation (S.D.), t-test, degree of freedom (df)
and p-value between (Group A) and (Group B) in pre-test and post-test weeks.

Table 3: Comparison of Berg balance scale score within group A and group B between
pre and post-test values

Pre-test Post-test g
#BBS Mean 15D | Mean SD. t-test | Significance
GroupA | 3180 |4.55 | 4993 |3.45|-3060 |.000"
GroupB |[31.86 |1.68 |41.40 |1.24 |-17.40 | .000%**

(***- P <0.001) Standard deviation (S.D.), t-test, degree of freedom (df)
and p-value between (Group A) and (Group B) in pre-test and post-test weeks.
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Table 4: Comparison of time up and go test within Group A and Group B between
pre and post-test values

Pre-test Post-test o
TUG Mean SD | Mean SD. t-test | Significance
Group A | 18.93 1.70 | 10.20 1.47 | 17.33 000"
Group B 19.00 1.64 | 15.66 1.34 10.98 000***

(***- P <0.001) Standard deviation (S.D.), t-test, degree of freedom (df)
and p-value between (Group A) and (Group B) in pre-test and post-test weeks.

On comparing pre-test and post-test within Group A
and Group B on Berg Balance Scale and Time Up
and Go Test score shows highly significant difference
in mean values at P < 0.001 (Tables 3 and 4)

DISCUSSION

The results of the study revealed that after
intervention there was a significant difference that
anti-gravity exercise is more effective than Pilates in
subjects with balance in T2DM by Berg balance scale
and timed up and go test. There are several possible
mechanisms that explain why anti-gravity exercise
promotes balancing among T2DM patients. There are
significant improvements that provide balance among
T2DM for both these groups.

A comparison study of 12 weeks of Pilates and
aquatic training on the dynamic balance of women
with  multiple sclerosis had concluded the
effectiveness of dynamic balance in comparison with
Pilates and aquatic training. The direct effects on the
quality of life have been improved in giving these
exercises as a supplementary treatment along with
medical treatment. Cattaneo et al., observed a
significant difference in static balance rather than
dynamic balance, but the probability in the falls risk
has been reduced (15).

The study, which is conducted in Pune, concluded
that antigravity exercise was found to be effective in
comparison with modified plant-based diet and easy
to do without extra cost and time. Significant
improvement in reducing fear of fall and improving
balance is observed after the exercise program (16).

One of the studies concluded that 8 weeks of
antigravity training in a safe environment improved
performance during dynamic balance (17). The
balance improvement is seen in group A subjects by
performing the antigravity exercise, which helps the
muscle to become much stronger.

By strengthening the muscles, the balance has been
improved. The improvement in balancing and
reduced risk of falls is seen in group A subjects rather
than group B. The risk of falling with an impaired
balance is due to the weakness of the flexor group
muscles (18). Strengthening the flexor group of
muscles provides balance improvement and promotes
a well-developed confidence among the individual
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(19). Improving the balance by antigravity and
Pilates exercise provides strength and stability, help
improves balance among both the groups. Rather
than group B, group A subjects has seen
improvement in reducing the risk of falls inT2DM.

The muscle power, providing stability and balance
has been improved in antigravity exercise training.
The strength and stability play a major role in
proving balance among individuals (20). In order to
improve the strength and stability the antigravity and
Pilates exercise is being performed that help
improves balance among type 2 diabetes mellitus
patients. In comparison with balance improvement in
both the subjects, antigravity exercise has a
significant improvement in muscle power, providing
stability and promotes balance. Although balance
improvement was seen in both the groups, the greater
amount of improvement is seen in Group A
(antigravity exercise) after 12 weeks of intervention.

CONCLUSION

The study concluded that both antigravity and Pilates
exercise were effective in providing balance among
T2DM patients. Antigravity exercise is effective than
Pilates exercise in reducing falls, promoting balance,
increases the proprioception, kinesthetic awareness
and muscle strength in T2DM.

ACKNOWLEDGEMENT

The authors would like to thank the authorities of Dr.
MGR Educational and Research Institute, University,
and the Principal, Faculty of Physiotherapy for
providing the facilities required to conduct the study.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES

1. Fidan, O., Takmak, S., Zeyrek, A.S., Kartal, A. Patients with
type 2 diabetes mellitus: Obstacles in coping. Journal of
Nursing Research. 2020; 28 (4): e105.

2. Alawadi, F., Abusnana, S., Afandi, B., Aldahmani, K. M.,
Alhajeri, O., Aljaberi K., et al., Emirates Diabetes Society
Consensus Guidelines for the management of type 2 diabetes
mellitus 2020. Dubai Diabetes Endocrinol J 2020;26:1-20.

3. Schlender, L., Martinez, Y.V., Adeniji, C., Reeves, D., Faller,
B., Sommerauer, C., et al., Efficacy and safety of metformin
in the management of type 2 diabetes mellitus in older adults,
a systematic review for the development of recommendations

Biomedicine- Vol. 42 No. 6: 2022



Kamatchi et al: Efficacy of antigravity and Pilates exercise to improve balance in T2DM

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

to reduce potentially inappropriate prescribing. BMC Geriatr.
2017;17:227.

DeFronzo, R.A., Ferrannini, E., Groop, L., Henry, R.R,,
Herman, W.H., Holst, J.J., et al., Type 2 diabetes mellitus.
Nat Rev Dis Primers. 2015; 1:15019.

Kharroubi, A.T., Darwish, H.M., Diabetes mellitus: The
epidemic of the century. World J Diabetes. 2015; 6(6): 850-
867.

Baloh, R.W., Ying, S.H., Jacobson, K.M. A longitudinal
study of gait and balance dysfunction in normal older people.
Arch Neurol. 2003; 60(6): 835-839.

Huang, E.S., Davis, A.M. Glycemic control in older adults
with diabetes mellitus. JAMA. 2015; 314(14):1509-1510.
Menz, H.B., Morris, M.E., Lord, S.R. Foot and ankle risk
factors for falls in older people: a prospective study. J
Gerontol and Biol Sci Med Sci. 2006; 61(8):866-870.
Bonnet, C., Carello, C., Turvey, M.T. Diabetes and postural
stability: review and hypotheses. J Mot Behav. 2009;
41(2):172-190.

Tinetti, M.E. Clinical practice. Preventing falls in elderly
persons. N Engl J Med. 2003; 348(1):42-49.

Emery, K., De Serres, S.J., McMillan, A., Coté, J.N. The
effects of a Pilates training program on arm-trunk posture and
movement. Clin Biomech (Bristol, Avon). 2010; 25(2):124-
130.

Menacho, M.O., Obara, K., Conceicdo, J.S., Chitolina, M.L.,
Krantz, D.R., da Silva, R.A., et al., Electromyographic effect
of mat Pilates exercise on the back muscle activity of healthy
adult females. J Manipulative Physiol Ther. 2010; 33(9):672-
678.

Monireh, M.N., Shivani Hossein, S., Fatemeh, H. Effects of
selected combined training on balance and functional
capacity in women with multiple sclerosis. WASJ. 2012;
1019-1026.

Miyamoto, G.C., Costa, L.O., Galvanin, T., Cabral, C.M.
Efficacy of the addition of modified Pilates exercises to a
minimal intervention in patients with chronic low back pain:
a randomized controlled trial. Phys. Ther. 2013; 93(3):310-
320.

Cattaneo, D., Jonsdottir, J., Coote, S. Targeting dynamic
balance in falls-prevention interventions in multiple sclerosis:
Recommendations from the International MS Falls
Prevention Research Network. International Journal of MS
care.2014; 16 (4):198-202.

Tripathi, P. N., Hiremath, M., Dudhbhate, A. Glucose
tolerance test clearance in type 2 diabetes mellitus patients
following a plant based diet and anti-gravity exercise: A case
series. American Journal of Internal Medicine.2019; 7(1): 15-
21.

Malling, A.S., Jensen, B.R. Motor intensive anti-gravity
training improves performance in dynamic balance related
tasks in persons with Parkinson's disease. Gait Posture. 2016;
43:141-147.

Roman de Mettelinge, T., Cambier, D., Calders, P., Van Den
Noortgate, N., Delbaere, K. Understanding the relationship
between type 2 diabetes mellitus and falls in older adults: a
prospective cohort study. PLoS One. 2013; 8(6):e67055.
Sherrington, C., Whitne, J.C, Lord, S.R., Herbert, R.D.,
Cumming, R.G, Close, J.C., Effective exercise for the
prevention of falls: a systematic review and meta-analysis. J
Am Geriatr Soc. 2008; 56(12):2234-2243.

Bremer, J.P., Jauch-Chara, K., Hallschmid, M., Schmid, S.,
Schultes, B. Hypoglycemia unawareness in older compared
with middle-aged patients with type 2 diabetes. Diabetes
Care. 2009; 32(8):1513-1517.

DOI: https://doi.org/10.51248/.v42i6.1273

1258

Biomedicine- Vol. 42 No. 6: 2022



