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Effect of Pilates versus resistance training on physical fitness in
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Abstract

Background: Aging causes decline in various systems leading to affect physical fitness. It is necessary to im-
plement new ways to improve physical fitness. Pilates training (PT) increases muscular control, strength and
flexibility and resistance training (RT) works on strength and endurance. But how it affects in the older people
is unclear. Hence the objective of this study was to compare the effect of Pilates and resistance training on
physical fitness in older adults.

Methods: This experimental study was conducted on 47 participants who participated into two groups: PT (n
= 23) and RT (n = 24). Both training was given for 3 times/week for 6 weeks. Outcome measures were body
composition (body fat, body weight, and body mass index), Strength (pushup test, squat test), flexibility (sit
and reach test, shoulder and wrist elevation test), muscle endurance (one-minute sit to stand test) and cardio-
respiratory endurance (six-minute walk test.) Level of significance was 95%.

Results: Within group analysis of PT and RT showed non-significant improvement in body composition (p
< 0.05) but significant improvement in strength, muscle flexibility, muscle endurance (p > 0.01). PT showed
significant difference in cardio-respiratory endurance (p = 0.02) whereas RT didn’'t show the same (p = 0.23).
When both groups were compared, PT showed more improvement in flexibility and cardio-respiratory endur-
ance (p < 0.05) whereas RT showed significantly better improvement in muscle strength and muscle endur-
ance (p < 0.05).

Conclusion: The study concluded that both Pilates and resistance training can be used to improve physical fit-
ness depending on the desired effect needed to improve specific components of physical fitness.
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in strength and aerobic capacity in personal are greatly
associated with declines in functional ability of that indi-
vidual, and this ultimately results in decreased levels of
independence [3]. In every country, the number of older
people and their share of the population is rising. By 2030,
one in six people will be 60 or above. By 2050, there will
be 1.4 billion people over the age of 60, up from 1 billion
in 2020. India has seen an increase in this share, going
from 5.6% in 1961 to 10.1% in 2021 and by 2031, which
is projected to 13.1% [4]. In India, more than one-third
older people are obese, making them particularly vulner-
able to negative outcomes since obesity exacerbates the
age-related decline in physical function and makes them
weaker [5].

The rise of various complex health conditions known as

Introduction

Aging is a decline and deterioration in functional proper-
ties at the cellular, tissue and organ level. This declination
in functional properties produces the loss of homeostasis
and decreases the adaptability to internal and external
stress finally leading to an increased vulnerability to dis-
eases and mortality [1]. Functionality can be defined as
having the ability to carry out daily tasks safely, indepen-
dently, and without becoming exhausted [2]. Reduction
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geriatric syndromes is feature of older age. They include
weakness, stumbles, urine incontinence, delirium and
pressure ulcers which are frequently the result of numer-
ous underlying conditions [6]. Muscle strength gradually
declines from the age of 50 and further declines by 12%
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to 15% per ten years beyond that. Obesity is another fac-
tor of ageing. Energy expenditure during rest and during
activity decreases with age. Compared to resting energy
expenditure, the decline is more pronounced in activity-
related energy expenditure. With increased adiposity and
visceral fat distribution, these metabolic changes are ex-
pected to raise the risk of dyslipidemia, insulin resistance,
and cardiovascular disease in older people. Sarcopenia
plays a role in the development of osteopenia and its
progression to osteoporosis, as well as the relationship be-
tween muscles mass, strength and bone mineral density in
older persons [7].

The aged should adopt exercise regimens centered on four
physical fitness components (cardiorespiratory endurance,
muscle strength, flexibility, and body composition) ac-
cording to guidelines on fundamental exercises. Physical
fitness has a direct impact on functional independence in
older persons. Physical activity (PA) is regarded as one of
the most significant health markers since it improves older
persons more than any other major age group. Benefits
of PA for individuals in this age may include increase in
physical fitness and prevention of functional loss. Long
periods of inactivity can be broken up with brief bursts of
activity, usually of a light intensity, which may be advan-
tageous for a number of brain-related processes. These
include blood pressure, vascular function, coagulation,
sympathetic activity, and metabolism of carbohydrates
and lipids. Breaking up extended sitting may also have
acute benefits and reduce fatigue, increase cerebral blood
flow velocity, and improve cognitive performance [8].
Resistance training (RT) encourages the muscles to con-
tract against an external resistance in the intention of en-
hancing strength, power, hypertrophy, and/or endurance
[9]. Dumbbells, exercise tubing, your own body weight,
blocks, water bottles, or any other object that makes the

muscles contract can be used as external resistance. In
older individuals, resistance training provides a power-
ful stimulus for skeletal muscle growth and increasing
strength [10]. Resistance training exercise program mainly
focuses on center of the body which results in positive
effects on static and dynamic balance and improves the
isokinetic strength of the knee [11].

The Pilates method, a fitness regimen created by Joseph
Pilates in 20th century, has been used as a kind of physical
activity to increase muscular control, strength, and flex-
ibility, especially in the lumbar and pelvic regions, which
are crucial for daily tasks. Six fundamental concepts serve
as the foundation for the Pilates method: force, concentra-
tion, control, accuracy, flow of movement, and breathing
[12]. Pilates has the ability to sync movement with breath-
ing, also increases overall body fitness and enhances one's
ability to move and carry out daily tasks. It is crucial for
senior citizens to keep their independence [13]. Pilates
practice tends to be effective in reducing obesity by im-
proved body composition, functional physical fitness,
and basal metabolic rate in community-dwelling middle-
aged women [14, 15]. The Pilates training (PT) program
was more effective for improving isometric hip and trunk
extension strength, while the Muscular training program
generated greater benefits on trunk and hip isokinetic
strength. Moreover, both training programs showed mod-
erate effects for the TUG [16].

However, there is lack of information concerning the ef-
fectiveness of these two types of training on all the com-
ponents of physical fitness, and the relationship between
these variables has not yet been analyzed in older adults.
Also, no studies have compared the effectiveness of both
interventions. Hence the aim of the study is to compare
the effects of Pilates vs. Resistance training on physical
fitness in older adults.

Figure 1. Consort chart.
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Materials and methods

This experimental study was conducted at Dr. D. Y. Patil
College of Physiotherapy, Pimpri, Pune from Septem-
ber 2022 to January 2023. This study was approved by
Institutional Ethics Committee of Dr D.Y. Patil College
of Physiotherapy, Pune with the Reference number DYP-
CPT/IEC/14/2022 and this was registered under Clinical
Trial Registry of India (CTRI) with registration number is
CTR1/2022/09/045134 dated 1st September 2022. Sample
size was 47. It was calculated considering the prevalence
of decreased level of fitness in older patients of 7%, ac-
ceptable difference of 5% at 95% confidence interval,
power at 80%. After screening the participants, they were
finally recruited and then divided randomly by using com-
puter sequence generator into 2 groups, PT and RT, 25
participants in each group but there were 3 drop outs, so
finally 47 participants completed the study, 24 in PT group
and 23 in RT group (Figure 1).

The inclusion criteria were:

1. Adults from 60-75 years of age

2. No current involvement in any form of physical exer-
cise or experience of Pilates

3. Body mass index (BMI): above 25 and up to 30 (25-30)
4. Initial Fitness criteria: VO, max of 26-29 mL/kg/min
for older men and VO, max of 28-31 mL/kg/min for older
women

The exclusion criteria were:

1. Any recent history of traumatic injury for 6 months

2. Any Serious illness (Cardiac, neurological and mus-
culoskeletal disorders; psychological disorders) affecting
implementing exercise protocol

3. History of drug or alcohol abuse

4. Uncontrolled Diabetes mellitus (DM) or Hypertension.

Table 1. Pilates training (PT) protocol of 6 weeks.

(DM: 180 mL/dL or higher, systolic blood pressure > 140
mmHg and diastolic blood pressure > 90 mmHg)

5. Exercise induced or uncontrolled angina within 3
months, or severe dyspnea at rest

6. Visual or auditory impairment not corrected with glass-
es or a hearing aid

Participant from both PT and RT groups performed exer-
cise for 45 minutes, 3 days/week for 6 weeks. Each ses-
sion consisted of 5 min warm up, 30 min exercise and 5
min cool down. Exercise capacity of each individual was
assessed initially as per inclusion criterion and the partici-
pant was accompanied by the physiotherapist throughout
the protocol to ensure safety.

Procedure

After ethical permission, various old age homes and non-
governmental organizations were approached and permis-
sion was obtained prior to the study. Explanation of the
study was given to the participants. On the basis of inclu-
sion and exclusion criteria, participants were included and
written informed consent was taken from all the partici-
pants. Demographic details were taken and then assessed
for the baseline outcome measures.

The tests were stopped anytime during the procedure
keeping in mind the termination criteria [If the participant
chooses to stop anytime during the test, Tachycardia-
above predicted HRmax (HRmax = 220-Age), Systolic
BP more than 200 mmHg and diastolic BP more than 120
mmHg, palpitations, excessive paleness, excessive dia-
phoresis, muscle cramps and fatigue, dizziness/syncope,
intolerable dyspnea.

Details of PT and RT protocol are given in Table 1 and
Table 2 respectively. All these exercises were given for 3
sets of 10 repetitions each.

Week 1 & 2

Week 3 & 4

Week 5 & 6

Diaphragmatic breathing
Posterolateral breathing
Neutral series

Diaphragmatic breathing
Posterolateral breathing
Neutral series

Warm up Toe tap Toe tap
Abs prep Abs prep
Bridging Bridging
Knee sway Heel slides
Abs prep Single leg raise
Half roll down Bicycle crunches
100 Hot potato
Roll up Shoulder bridge
Leg circle Rowing
Exercises Single lég stretch Push-ul?s
Swimming Swan dive
Single leg kick Mountain climbers
Side leg kick Fire hydrants
Quadruped hip extension Leg kicks
Half push-ups Swimming
Stretching of hamstring, adductors, hip Stretching of hamstring, adductors, hip
Cool-down flexors. flexors.

Waist oblique, child pose

Waist oblique, child pose

Diaphragmatic breathing
Posterolateral breathing
Neutral series

Toe tap

Abs prep

Bridging

Heel slides

Single leg raise

Swan dive

Abs with knee extended
Plank

Push-ups

100 (advance)

Hot potato

Boomerang

Shoulder bridge
Mountain climbers
Prone hip extension
Stretching of hamstring, adductors, hip

flexors.
Waist oblique, child pose
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Table 2. Resistance training (RT) protocol of 6 weeks.

Week 1&2 (Body weight)

Week 3&4 (Dumbbells/Thera band)

Week 5&6 (Dumbbells/Thera band)

Neck side bends
Shoulder shrugs

Arm rotations Arm rotations

Neck side bends
Shoulder shrugs

Neck side bends
Shoulder shrugs
Arm rotations

Warm up Wrist rotations Wrist rotations Wrist rotations
Step up and down Step up and down Step up and down
Marching Marching Marching
Squats Biceps curls Biceps curls
Wall push-ups Triceps Triceps
Toe stands Overhead press Overhead press
Half push-ups Side hip raise Side hip raise
Exercises Forward lunges Knee curls Push-ups
Side lunges Floor back extension Pike push-ups
Step down Squats Squats
Pike push-ups Forward lunges Forward lunges
Prone on elbows Side lunges Side lunges
Stretching of hamstring, adductors, hip ~ Stretching of hamstring, adductors, hip Stretching of hamstring, adductors, hip
Cool-down flexors. flexors. flexors.

Waist oblique, child pose

Waist oblique, child pose

Waist oblique, child pose

Outcome measure

a) Body composition

» Weight (kg) and Body fat percentage (%) was measured
using Body fat analyzer (Omron Karada Scan Body Com-
position Monitor HBF-375).

* BMI was then calculated as per the formula: weight in
kg/ (height in meter)’ (Height was measured using stadi-
ometer in meters).

b) Flexibility

« Sit and reach test assesses flexibility of low back and
hamstrings. Fix a meter stick on top of the box such that
26 cm of the ruler protrudes towards the test participant
over the front edge. The box's edge should be at the 26 cm
mark. The patient is seated with their legs straightened out
and parallel to the floor's marked tape line. The heels of
the feet should be about 10 to 12 inches apart and touch
the edge of the box. As far as possible, the patient should
slowly stretch his or her arms forward and place one hand
on top of the other with the palms facing down. Mark the
reading at the end point [17].

» Shoulder and wrist elevation test was used for upper
extremity flexibility. Participant has to lay face down on
the ground with his arms outstretched and hands grasping
an 18" stick shoulder-width apart. The participant is then
raising the stick as high as participant can while keeping
the forehead on the ground, then measures the vertical
distance from the ground to the bottom of the stick.

c¢) Muscle strength

Table 3. Baseline characteristics of the data.

* Pushup test was used for assessment of muscle strength
of upper limb. For this, participant in prone position,
keep back straight while knee on the floor with hands on
either side of the chest. Always bring chest down to the
same level, until either elbows are at right angles or chest
touches the floor. Do as many pushups as possible until
participant is completely exhausted. Make a sum of all the
pushups correctly performed for scoring [17].

* Squat test was used for assessment of muscle strength
of lower limb. Place feet in front of the chair or bench at
shoulder width apart, hands placed on hips. Ask partici-
pant to squat, gently contact the chair, and then get back to
standing. Do this repeatedly until participants maximally
cando [17].

d) Muscle endurance

* One-minute sit and stand test was used to assess muscle
endurance. Keep the chair's back against a wall to prevent
it from moving during the test. Participants in a seated po-
sition with hands on hips and arms at sides and feet should
be parallel to the ground. When participants stand from
the chair, wait until legs are completely straight then sit
down. This is single sit-to-stand. Continue getting in and
out of the chair as frequently as you can do in one minute
and total is considered as final reading [17].

e) Cardio-respiratory endurance (CRE)

CRE was assessed using 6-minute walk test to calculate
VO, max. Participant is asked to walk for 6 minutes in
a 30 m hallway at a normal pace. Prior to the test and

Variables Pilates Training (n = 25) Resistance Training (n = 25) p value
Age in years 66.25 +3.77 67+5.23 0.52
Height in meters 1.53 £ 0.06 1.55+0.05 0.08
Gender

Male 0 2 -
Female 25 23 -
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posttest HR, BP and SpO, are measured. The patient is
allowed to take pause if any discomfort feels in between
the test. The number of laps and distance walked is noted
posttest. VO, max is calculated with help of test [18].

Statistical analysis

Data was analyzed using the statistical package SPSS 26.0
(IBM SPSS Inc., Chicago, IL) and level of significance

Demographic characteristics (age, height) reported in Ta-
ble 3 showed baseline data was matching. Female partici-
pants in this study were more than the male participants.
The pre and post mean with standard deviation of outcome
measures (Table 4) showed non-significant improvement
in body composition (assessed by body weight, BMI and
Body fat percentage) in both groups whereas changes in
muscle strength (assessed by Pushup test and squat test),

was set at p < 0.05. Normality of the data was assessed
using Shapiro Wilkinson test. Normally distributed data
was analyzed by paired t test and t test whereas if the pa-
rameters were not normally distributed, data was analyzed
using Mann Whitney U test and Wilcoxon sign rank test.

flexibility (assessed by wrist and shoulder elevation test),
muscle endurance (assessed by sit and stand test) and
cardiorespiratory endurance (assessed by 6 min walk test)
showed significant improvement in both groups. Flex-
ibility assessed by sit and reach test showed significant
improvement with Pilates training but non-significant im-
provement with resistance training.

When both groups were compared, analyses showed re-
sistance training had significantly more improvement than

Result

Table 4. Pre and post mean and SD of outcome measures with statistical analysis.

Outcome Measures Pilates Training (n = 25) Resistance Training (n = 25)

Fitness
Test performed Pre Post p value Pre Post p value
Component
Weight (kg) 63 +7.81 60.8+7.73 027 67 +6.01 64.44 £5.69 0.09
Body composition ~ BMI (kg/m’) 26.99 +2.6 25.06 +2.61 0.87 27.81 +2.39 26.76 +2.32 0.90
Body fat percentage (%) 32.18+34 30.95+3.41 0.17 34.81+4.84 33.72+4.81 0.71
Pushup test no. on one min (1)  26.17+6.36  30.62+6.71  0.01° 2632+5.14  36.08+5.02 >0.01"
Muscle strength - -
Squat test no. on one min (n) 3041 +6.13  3891+6.38 >0.01 25.96 +3.82 35.8+3.89 >0.01
Sit and reach test (cm) 4.29+3.39 7.75+£3.32 >0.01" 2.44 +3.82 4.12+3.77 0.08
Muscle flexibili i i . .
' Wrist and shoulder elevation 35, 531, 651337 g1 10924248  12.72+3.14 0.01
test (cm)
Muscle Endurance 1t and Stand testinone min 7 1), 404 36752360 >001"  2528+401  35.76+469  >001"
(repetition/ min)
Cardio-respiratory 6 min walk test VO max 0 y0 401 20862419 002" 277243.65  28.82+3.54 0.23
endurance (mL/kg/6 min)
Note: *Significant, “Highly significant.
Table 5. Mean difference of pre and post values of both the groups and statistical analysis.
Outcome Measures Pilates Training (n = 25) Resistance Training (n = 25)
Fitness Difference between Effect  Difference between  Effect P Value
Test performed . -
Component pre and post mean size pre and post mean size
Weight (kg) 224146 0.25 2,56+ 1.02 0.29 0.24
Body composition BMI (kg/m’) 1.93+0.45 0.17 1.06 £ 0.41 0.20 0.23
Body fat percentage (%) 1.23+0.53 0.23 1.09 +£0.35 0.19 0.21
Pushup test no. on one min (1)~ 4.45 +2.08" 0.39 9.76 + 1.51 0.86 >0.001"
Muscle strength . .
Squat test no. on one min () 8.5+2.43 0.66 9.84 £1.73 0.76 0.01
Sit and reach test (cm) 3.45+1.32" 0.43 1.68 +0.73 0.21 >0.001"
Muscle flexibilit i i . .
y Wrist and shoulder elevation 31135 036 184201 021 0.006
test (cm)
Muscle Endurance .t and Stand testin one min g (5, 4 g5 0.93 10.42+2.01 0.82 0.02°
(repetition/ min)
io- i i 1k M -
Cardio-respiratory 6 min walk test VO, Max 33842 15% 029 1094032 0.09 > 0.001

endurance (mL/kg/6 min)

Note: “Significant, “"Highly significant.
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Pilates training on muscle strength (assessed by Pushup
test and squat test) and muscle endurance (assessed by
sit and stand test). But muscle flexibility (assessed by sit
and reach test and wrist and shoulder elevation test) and
cardio-respiratory endurance (assessed by 6 min walk test)
reported significantly better improvement in Pilates train-
ing than Resistance training (p > 0.05). Non-significant
difference was observed in body composition assessed by
body weight, BMI and body fat (%). Details are shown in
Table 5.

Discussion

The aim of this study was to compare the effects of Pilates
and Resistance training on various components of physi-
cal fitness among older adults. In this experimental study,
47 older adults were included and their mean age in PT
was 66.25 + 3.77 and in RT was 67 + 5.23. Many other
studies didn't include older people or took individuals
from 18 to 80 years old, which has become wide age span.
As older persons were more for developing the risk of nu-
merous morbidities and cardiovascular diseases, this study
recruited them to evaluate their level of physical fitness.
This study showed non-significant difference in body
composition assessed by weight, BMI and Body fat per-
centage. This was supported by Taskiran and Markovic
who reported no alteration in body composition follow-
ing the PT but Fourie et al. reported that percentage of
fat mass decreased while the percentage of lean mass in-
creased after PT [19, 20]. Although the duration of the two
researches was comparable, it is challenging to compare
them because many studies gave information about the
repetitions, progress of the workouts, and intensity. Taski-
ran and Markovic employed bio-impedance while Fourie
et al. used skinfold measurement to determine body com-
position, which may partially account for the variations in
results. The use of skinfolds in the elderly is controversial
in the literature despite the fact that both techniques are
frequently utilized. This is because older people tend to
have thicker, more elastic skin, and redistribute their sub-
cutaneous fat differently, which could affect the accuracy
of procedure [21]. Effects of RT on older persons found
that concurrent rise in fat-free mass, little to no change
in total body weight and decreases in fat mass. Hence RT
has primary impact on body composition by changing the
ratio of fat to muscle mass. This is not the case with aero-
bic exercise where there has little to no growth in fat-free
mass but reduction in body fat and bodyweight due to its
fat burning process [22].

Muscle Strength was assessed using modified pushup
test (upper limb) and squat test (lower limb) which was
improved more in RT compared to PT. According to the
overload principle of strengthening, strength improves
with RT. It is a powerful form of exercise for reversing
the age-related decline in muscular strength. For instance,
after RT upper and lower body strength can dramatically
improve, with improvements ranging from 9 to 174%.
Notably, RT increases muscle strength even in extremely

old people (85 years of age) [1].

Being flexibility as an important component of physical
fitness, sit and reach test and shoulder & wrist elevation
test reported significant improvement in Pilates training.
Pilates training adds dynamic stretching activities along
with distinct muscle-strengthening exercises for various
body parts (legs, trunk and upper limbs). As this technique
combines stretching and strengthening exercises in the
same session, it gives positive impact on flexibility. Resis-
tance training for 16 weeks can increase joints ranges of
motion and more results was observed in last 8 weeks of
training. Due to 6-week period of our study, Pilates dem-
onstrated better gains in flexibility than RT [23].

This study showed significant improvement in muscle
endurance; more in RT than PT. This may be due to the
increase in oxidative capacity, larger mitochondrial con-
centrations and more powerful oxidative enzymes. There
is also increase in capillary density through RT. It also
alters skeletal muscle morphology and can enhance tensile
strength of elderly tendons thereby increasing muscle en-
durance [24].

CRE plays an important role in geriatric fitness. This
study showed more improvement in PT compared to RT.
Beneficial effect of Pilates training can be breathing exer-
cises, ribcage flexibility exercises and lumbopelvic region
strengthening was observed. First, Pilates-induced lumbo-
pelvic and core muscular development may result in more
effective upper and lower limb movement patterns as well
as stronger expiratory muscles. Second, the increased
flexibility may enable the ribcage to move with greater
efficiency. Finally, the breathing exercises may improve
intercostal muscle functionality and lung capacity. Based
on these principles, it would be possible to improve ven-
tilation efficiency, leading to a greater flow of oxygenated
blood into muscle tissues, improved local circulation, in-
creased muscle oxidative capacity, and less energy waste.
Hence PT could achieve CRE with minimal intensity [25,
26].

The limitation in this study was follow up was not taken
after 6 weeks and there were more female participants in
the study than male and the results calculated were not
considered on the basis of gender. The future scope of the
study is that more duration of intervention can be given.
The study can be gender specific and research can be done
on community dwelling elders.

Conclusions

The study concluded that Pilates training improves flexi-
bility and cardiorespiratory endurance significantly where-
as resistance training showed significant improvement in
muscle strength and muscle endurance. Hence both type
of exercises can be used to train and achieve desired effect
on specific components of physical fitness.
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