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Effectiveness of Quadriceps
Resistance Training on Physical
Function of Elderly People

ABSTRACT

Introduction: Aging is commonly associated with decreased
muscle size, strength and less force production in elderly
people. Loss of skeletal muscle mass, strength and quality
have fatalistic impacts on their physical activity. Weakness of
the lower extremities (especially quadriceps muscle) has been
associated with difficulties in getting up from the bed and rising
from the chair, slower walking, altered balance and increased
risk of falls. These functional alterations can lead to decreased
physical activity independence. The quadriceps force production
is decreased with increase in age and affects the daily routine
activity of elderly which creates much complication and thereby
more socio-economic expenditure.

Aim: To find out the effect of Quadriceps resistance with
flexibility exercise on physical function of elderly subjects.

Materials and Methods: A Pre and Post experimental study
design with a total of 70 subjects with age of 60-85 year were
divided into 35 participants in experimental group who received
quadriceps resistance training with flexibility exercises and 35
participantsin control group who received flexibility exercises alone
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for 12 weeks study duration. Pre-test and post-test Quadriceps
strength was measured using isometric push pull dynamometer
and also timed up and go test was done for physical function
of participants in both the groups respectively. Paired t-test was
used to examine the impact of intervention among the variables.

Results: The quadriceps strength had pre-test values of
26.77+2.30 and post-test value of 42.17+5.56 in experimental
group, pre-test value of 26.34+1.11 and post-test value of
28.00+2.47 in control group. The physical function with pre-
test values of 17.69+2.63 and post-test value of 7.97+1.03 in
experimental group, pre-test value of 17.37+2.30 and post-
test value of 14.00+1.24 in control group. Experimental group
showed significant changes (p<0.05) among the variables when
compared with the control group.

Conclusion: Quadriceps resistance exercise was shown to be
more effective mode of intervention along with the flexibility
exercise on physical function of elderly people. Thus, the
implementation of resistance training of quadriceps will prevent
the age-related sarcopenia and improve the physical function
of elderly.
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INTRODUCTION

The number of older adults is expected to nearly triple from 2010
to 2050 globally [1]. Aging is integrated with sarcopenia, which
is defined as the depletion of muscle size and strength [2,3]. The
quantity of muscle fibers in the muscles depletion with aging,
describes the loss of muscle mass [4]. Additionally, these age-
associated structural changes within the older adult muscles are
associated with less force production. Loss of skeletal muscle
mass, strength and quality have fatalistic impacts on physical
activity. Weakness of the lower extremities has been associated with
difficulties in getting up from the bed and rising from the chair [5,6],
slower walking [7], altered balance and increased risk of falls [8].
These functional alterations can lead to decreased physical activity
independence [9]. In previous study, the authors have ruled out the
effect of lower limb muscle strength on physical ability and found
that mostly the quadriceps muscle strength is a key variable [10]. In
one of the study, they have recognised that the quadriceps muscle
weakness is an important factor in the occurrence of falls among
nursing home residents [8]. Also, the increased knee extension
torque to rise from a low chair than from a higher chair and during
fast rising compared to slow has been reported [11]. Some of the
authors found out that the quadriceps muscle strength decreased
with aging among elderly people. This results in increase in duration
to perform the timed up and go test [12,13]. Physical activity is
often recommended to prevent disability and maintain physical
function. Specifically, resistance training has been recommended as
an intervention strategy for improving muscle strength and muscle
power, two factors known to impact physical function in older adults

[14]. In other study, the author has suggested that, the elderly person
and feeble individuals will improve their muscle strength if they have
been trained at the above sub-maximal intensity of one repetition
maximum [15]. The role of quadriceps muscle in lower extremity
has been playing a vital role for physical function. Due to aging
process, the quadriceps muscles get changed accordingly and it
is the primary cause for physical inactivity and community isolation
in elderly. Isolated quadriceps resistance training and its impact on
physical function of elderly were lacking in current scenario and thus
we have considered this lacunae in the research as a motivation
behind this present research proposal. In this study, we have
set a research hypothesis to determine whether the quadriceps
resistance exercise along with the routine flexibility exercise can
alter the physical function of the elderly people.

MATERIALS AND METHODS

This study had a pre and post experimental design and aimed
to determine the effectiveness of quadriceps resistance exercise
on physical function of elderly people and the results have been
compared with the control group. The study was conducted
between January to August 2017. The data were collected at out-
patient physiotherapy department, Mohamed Sathak AJ College
of Physiotherapy. The participants who could walk independently
without the use of assistive devices and were between 65-80 years
of age were included. Participants with uncontrolled hypertension,
a history of cardiovascular disease, neurological disease, chronic
or significant respiratory disease, inflammatory arthritis, muscle
disease were not included. Also, patients with history of quadriceps
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tendon rupture or patellar fracture, who received corticosteroid
injection to the quadriceps muscle or patellar tendon within one
year, were long-term users of corticosteroid medication, or were
currently participating in a regular strengthening exercise program
were excluded from the study. The Institutional ethical committee
(EC/PT/17/008) approved the study procedure and all the subjects
signed an informed consent form before participating in the studly.
A pilot study was conducted for calculating the sample size for
this current research proposal before getting ethical approval
from the ethical committee. From the pilot study result of physical
function outcome measures using n power test (n=85%), the
effective sample size for this present study as 70 participants was
calculated. Initially, 110 participants within the age group of 65-
80 years were recruited and after the evaluation of study criteria,
40 participants were excluded. After getting the consent, the total
of 70 participants were allocated using simple random sampling
method into group A (Experimental group, n=35) and group B
(Control group, n=35) respectively.

The intervention protocol for group A and group B are mentioned
in the [Table/Fig-1,2] respectively [14]. Quadriceps muscle
strength was measured using make test [16]. The isometric
test was performed on a push pull handheld dynamometer
(600 Ib). Participants were in high sitting with knee flexed to 90°
and the cushioned pad of dynamometer was placed proximal
to the malleolus. Participants were asked to exert as much
force as possible while trying to extend the knee against the
equal pressure given in opposite direction by the assessor. The
participants performed two warm-up submaximal isometric
contractions followed by two maximal isometric contractions
by each leg. Each contraction was held for five seconds and
there was a 30 second rest between repeated contractions.
The highest maximum of the two isometric contractions was
selected for each leg, and then the average maximum isometric
contraction of both legs was calculated and used in the analysis
[17]. Physical function was assessed using the timed up and
go test. For the timed up and go test, the subjects sat on a
standard height chair with armrests. On the command “go” they
stood up and walked 3 m (to a mark on the floor), turned around,
walked back to the chair and sat down. A stopwatch was used
to measure the time from the command “go” to the time when
the subject sat down [5]. Participants performed one practice
trial followed by two test trials. The trial with the shortest time
was used in the analysis.

Exercise regimen Duration Sets Sessions

1. Warm-up free exercises to the lower
extremity muscles.

N

. Walking for 5 minutes.

@

Relaxed Breathing exercise.

3 sets
(15 repetition
each set)

N

. Active stretching exercises to the 40
hamstring, calf, and gluteal muscles. | minutes

4 days/
week

5. Isolated quadriceps strengthening
with submaximal training intensity of
1RMusing weighing cuffs.

[©)

. Progress to 90% of 1RM training
intensity.

[Table/Fig-1]: Exercise protocol for participants in group A.

Exercise regimen Duration Sets Sessions

1. Warm-up free exercises to the lower

extremity muscles.
2. Walking for 5 minutes. 40 3sets 4 days/

. (15 repetition K

3. Active stretching exercises to the minutes each sef) weel

hamstring, calf, and gluteal muscles.
4. Relaxed Breathing exercise

[Table/Fig-2]: Exercise protocol for participants in group B.
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STATISTICAL ANALYSIS

The data was analysed using SPSS version 17 for social science.
The paired t-test was used for comparing the effectiveness of both
the group before and after intervention with significance level of
p<0.05.

RESULTS

Seventy elderly subjects participated in this study (males 70%).
Participant baseline characteristics of age (74+1.50), height and
weight with male/female ratio of 42:28 are provided in [Table/
Fig-3]. The results of the comparison of both the group participant
physical function with pre-test values of 17.69+2.63 and post-test
value of 7.97+1.03 (Group-A), Pre-test value of 17.37+2.30 and
post-test value of 14.00+1.24 (Group-B) and quadriceps muscle
strength with pre-test values of 26.77+2.30 and post-test value
of 42.17+5.56 (Group-A), Pre-test value of 26.34+1.11 and post-
test value of 28.00+2.47 (Group-B) are presented in [Table/Fig-4,5]
respectively. The participants involved in the quadriceps resistance
exercises along with the flexibility exercises showed significant
improvement (p<0.05) compared to the participants with flexibility
exercise alone.

Baseline data Mean=SD
Age 74+1.50
Height in centimetres 1565+2.55
Weight in Kilograms 69+1.75
Gender 42 males 28 females

[Table/Fig-3]: Baseline characteristics of study participants (N=70).

Timed up and go test Group A Group B t-value —value
in seconds (Mean+SD) (Mean+SD) p
Pre-test values 17.69+2.63 17.37+2.30 0.837 0.202N
Post-test values 7.97+1.03 14.00+1.24 -28.704 0.001**

[Table/Fig-4]: Comparison of pre and post-test values of timed up and go

performance among group A and B participants.
NS: Not significant, **Significant

Quadriceps muscle Group A Group B t-value _value
strength in Ib (Mean+SD) | (Mean=SD) P
Pre-test values 26.77+2.30 | 26.34+1.11 1.372 0.087Ns
Post-test values 42.17+5.56 | 28.00+2.47 29.588 0.001**

[Table/Fig-5]: Comparison of pre and post-test values of quadriceps muscle

strength among group A and B participants.
NS: Not Significant, **Significant

DISCUSSION

In this study, the quadriceps muscle resistance training along with
flexibility exercise was examine on improvement of physical function
of elderly participants compared with the flexibility exercises
alone. The physical performance of participants with quadriceps
resistance training and flexibility exercises assessed using timed up
and go performance has shown greater improvement in duration
when compared to the flexibility exercise alone (p-value=0.001).
Similarly, the quadriceps muscle strength also shows much better
improvement in participants after the intervention of resistance
training with flexibility exercises than the flexibility exercise
alone (p-value=0.001). Altubasi IM et al., states that age related
decreased muscle size and wasting of the muscle fibers can lead
to the reduced muscle strength and thereby it affect the routine
activity performance of elderly [18]. Even, from this study it was
found that the physical performance of participants showed
significant improvement after the quadriceps resistance exercise
along with flexibility exercise. Goodpaster BH et al., describes in
healthy older adults that decreased quadriceps muscle strength
with age progress [19]. Marcell TJ et al., also proved that even the
endurance trained older adults also got significant reduction in the
quadriceps and hamstring muscle strength after a five year duration
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[20]. In older people, the muscles having an increased stiffness in
the myofilament may be a mechanism underlying reduced muscle
contraction efficiency [21]. Dias CP et al., also stated that peak
power in lower extremities was closely related with limitations of
function and self-reported difficulties in community-based men and
women [22]. Both muscle strength and power were vital for the daily
routine task of elderly and its reduction due to aging was important
predictor tool of individual performance [15]. Csapo R et al., have
suggested that, when the training stimulus is of 70-90% of the One-
Repetition Maximum (1RM) intensity, increase in muscle strength
and size in older healthy and frail individuals are comparable to
the gains observed in young individuals [23]. Even in this study,
submaximal intensity training was set initially and progressed to 90%
of the one-repetition maximum intensity. There was more significant
increase in muscle mass and size after the 12 weeks of intervention
with quadriceps strengthening and flexibility exercises. Maybe these
changes in quadriceps muscle have shown effective improvement
in the physical function of the elderly participants. In future, authors
recommend examining the other lower extremity muscles strength
training effect on physical function of elderly. In future, the higher
velocity resistance training of selected muscles can be compared
with the eccentric training exercises.

LIMITATION

The age and gender matched changes, quadriceps muscle
proportion changes and muscle contractile properties, quadriceps
and hamstring ratio after the intervention were not focused on in this
research proposal, which can be the limitation of this study.

CONCLUSION

Quadriceps resistance exercise was shown to be more effective
mode of intervention along with the flexibility exercise on physical
function of elderly people. Thus, the implementation of resistance
training of quadriceps will prevent the age-related sarcopenia and
improve the physical function of elderly. There is a need to develop
exercises that can be performed easily and utilise resisted exercises,
which is relatively spared during the aging process, to improve
both muscle mass and muscle strength in people with age-related
muscle atrophy.

ACKNOWLEDGEMENTS

Authors would like to thank their management for supporting our
research study and providing the basic needs throughout the study
period. Authors would like thank all their staff colleagues who have
helped us to frame the study well.

REFERENCES

[1] Bethesda, MD. National Institute on Aging. Global health and aging: National
Institutes of Health; 2011.

Effectiveness of Quadriceps Resistance Training on Elderly People

[2]

[3]
[41

[8]
[6]

[71

(8]

[°]

[10]
[11]

2]

3]

[14]

[18]

[16]

[17]

8]

[19]

[20]

[21]

[22]

[23]

www.jcdr.net

Ahtiainen JP, Walker S, Peltonen H, Holviala J, Sillanpaa E, Karavirta L, et
al. Heterogeneity in resistance training-induced muscle strength and mass
responses in men and women of different ages. Age (Dordr). 2016;38(1):10.
Targowski T. Sarcopaenia and rheumatoid arthritis. Reumatologia.
2017;55(2):84-87.

Angulo J, El Assar M, Rodriguez-Manas L. Frailty and sarcopenia as the basis
for the phenotypic manifestation of chronic diseases in older adults. Molecular
Aspects of Medicine. 2016;50:1-32.

Etnyre B, Thomas DQ. Event Standardization of Sit-to-Stand Movements.
Physical Therapy. 2007;87(12):1651-66. https://doi.org/10.2522/pt}.20060378.
Osawa Y, Studenski SA, Ferrucci L. Knee extension rate of torque development
and peak torque: associations with lower extremity function. Journal of Cachexia,
Sarcopenia and Muscle. 2018;9:530-39. doi: 10.1002/jcsm.12285.

Inzitari M, Perez LM, Enfedaque MB, Soto L, Diaz F, Gual N, et al. Integrated
primary and geriatric care for frail older adults in the community: Implementation
of a complex intervention into real life. European Journal of Internal Medicine.
2018;56:57-63.

Gine-Garriga M, Roque-Figuls M, Coll-Planas L, Sitja-Rabert M, Salva A. Physical
exercise interventions for improving performance-based measures of physical
function in community-dwelling, frail older adults: a systematic review and meta-
analysis. Arch Phys Med Rehabil. 2014;95(4):753-69.

Peterson MD, Rhea MR, Sen A, Gordon PM. Resistance exercise for
muscular strength in older adults: A meta-analysis. Ageing Research Reviews.
2010;9(3):226-37.

Vincent KR, Vincent HK. Resistance exercise for knee osteoarthritis. PM R.
2012;4(5 Suppl):S45-52.

Bohannon, Richard W. Measurement of sit-to-stand among older adults. Topics
in Geriatric Rehabilitation. 2012;28(1):11-16.

Tsubaki A, Kubo M, Kobayashi R. Age-related changes in physical
function in community-dwelling people aged 50-79 years. J Phys Ther Sci.
2010;22:23-27.

Nakano MM, Otonari TS, Takara KS. Physical performance, balance, mobility,
and muscle strength decline at different rates in elderly people. J Phys Ther Sci.
2014;26:583-86.

Murlasits Z, Reed J, Wells K. Effect of resistance training frequency on
physiological adaptations in older adults. Journal of Exercise Science & Fitness.
2012;10(1):28-32.

Lim JY. Therapeutic potential of eccentric exercises for age-related muscle
atrophy. Integrative Medicine Research. 2016;5(3):176-81.

Bohannon, Richard W. Hand-held dynamometry: A practicable alternative for
obtaining objective measures of muscle strength. Isokinetics and Exercise
Science. 2012;20(4):301-15. [Web of Science], DOI: 10.3233/IES-2012-0476.
Aagaard P, Simonsen EB, Andersen JL. Increased rate of force development
and neural drive of human skeletal muscle following resistance training. J Appl
Physiol. 2002;93:1318-26.

Altubasi IM. Is quadriceps muscle strength a determinant of the physical function
of the elderly. J Phys Ther Sci. 2015;27:3035-38.

Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz
AV. The loss of skeletal muscle strength, mass and quality in older adults: the
Health, Aging and Body Composition study. J Gerontol A Biol Sci Med Sci.
2006;61:1059e-64.

Marcell TJ, Hawkins SA, Wiswell RA. Leg strength declines with advancing age
despite habitual endurance exercise in active older adults. J Strength Cond Res.
2014;28:504e-13.

Ochala J, Frontera WR, Dorer DJ, Van Hoecke J, Krivickas LS. Single skeletal
muscle fiberelastic and contractile characteristics in young and older men. J
Gerontol A Biol Sci Med Sci. 2007;62:375-81.

Dias CP, Toscan R, de Camargo M, Pereira EP, Griebler N, Baroni BM, et al.
Effects of eccentric-focused and conventional resistance training on strength
and functional capacity of older adults. Age (Dordr). 2015;37(5):99.

Csapo R, Alegre LM. Strength training: high vs lighter loads. Scand J Med Sci
Sports. 2016;26:995-1006. doi:10.1111/sms.12536.

PARTICULARS OF CONTRIBUTORS:

1. Associate Professor, Department of Cardiorespiratory Physiotherapy, School of Physiotherapy, Vels Institute of Science, Technology and Advanced Studies, Chennai,

Tamil Nadu, India.

2. Research Scholar, Department of Musculoskeletal and Sports, The Tamilnadu Sports University, Chennai, Tamil Nadu, India.
3. Assistant Professor, Department of Cardiorespiratory Physiotherapy, Faculty of Physiotherapy, Meenakshi Academy of Higher Education and Research, Chennai,

Tamil Nadu, India.

4. Principal/Professor, Department of Sports Physiotherapy, Faculty of Physiotherapy, Meenakshi Academy of Higher Education and Research, Chennai, Tamil Nadu, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Purushothaman Senthil,

197,198, Rainbow Paradise, 103-B Block, Bhuvaneshwari Nagar 3 Main Road, Velacherry, Behind Chennai Silks,

Chennai-600042, Tamil Nadu, India.
E-mail: senthilp101010@gmail.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Date of Submission: Sep 02, 2018

Date of Peer Review: Nov 02, 2018
Date of Acceptance: Dec 24, 2018
Date of Publishing: Feb 01, 2019

Journal of Clinical and Diagnostic Research. 2019 Feb, Vol-13(2): YC06-YC08



