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Abstract: Core strength training is widely used to attain dynamic multi-directional movements. Currently the evidence
for the effects of core strength training on functional mobility in elderly is less conclusive. This study assessed the effects
of core strength training on functional mobility in community dwelling older adults. We enrolled 48 community dwelling
elderly males in the age group of 55-70 years and who had given approval for participation in the study. Subjects in the
experimental group (Mean age=65+ 2.12) performed core strength training exercises in a 6-week series of approximately
45 minutes exercise session, three times per week. The control group (Mean age = 66 + 2.17) was without any
intervention. However all subjects received an information booklet on management of balance problems. Outcome
measures were timed "up & go” test and functional reach test. Paired sample t-test, and t-test for independent groups
were used to determine significant differences among groups and between pre-test and post-test periods used to analyze
the data (P<0.05).A significant interaction occurred, with the core strength training group showing faster times in the
timed up and go test (t = 7.3605)and increase in functional reach (t = 8.8933) after 6 weeks. The control group has not
showed any significant difference between pre-test and post-test values of both outcome measures. It is suggested that
exercises to improve core strength can be safely included to the daily exercise regime for the elderly to improve

functional mobility.
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INTRODUCTION

During the past few decades the number and
proportion of older adults among the world population
apparently  increased due to  socio-economic
developments and better medical services. India is
facing an elderly population ‘time bomb' according to a
United Nations report which revealed its number of old
people will triple by 2050. The report, by the United
Nations Population Fund, found the number of over-60s
will increase from around 100 million today to more
than 300 million by 2050 and warned the government to
prepare for the additional strain this will put on families
and health and welfare services[1].Ageing is associated
with physical inactivity, low energy intake and loss of
skeletal mass. Progressive deterioration of functional
mobility is associated with old age. A primary focus for
improvement in health care is on promoting patient
safety and avoiding injuries to patients. This becomes
especially important for elders, who are at risk for
functional decline due to altered mobility levels. As the
older adult population increases, there is an acute
awareness of the impact of falls and fall-related injuries
because of morbidity, rising health care costs, and
reduction in the quality of life for the elderly. Poor

balance has been associated with increased fall risk and
mobility disability among older people[2].Limitations
in the ability to shift the center of gravity toward the
limits of stability may result in reductions in the activity
level of older adults. Balance, poor gait, lower limb
muscle weakness, slowed reaction time have been
identified as independent risk factors for falls in
elderly[3].

The ability to confidently and safely perform
routine daily activities requires the older adult to
generate appropriate motor strategies to navigate in an
environment containing both stationary and moving
objects within varying contexts. Balance is also needed
while the individual manipulates the environment and
the feet are stationary. Activities such as bending or
reaching up or to the side require shifting the center of
gravity (COG) within the base of support (BOS). Once
the COG moves outside the BOS, the limits of stability
(LOS) for the currently executed balance strategy are
exceeded. An automatic movement strategy is executed
to maintain balance by either realigning the COG within
the BOS or by evoking a step strategy and establishing
a new BOS. If the appropriate movement strategy is not
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executed, the individual may stumble or fall in an
attempt to regain balance[4].With aging, physical
changes such as impairment in flexibility, balance
impairment and slowing reaction time may
occur[5].Low relative skeletal muscle mass in older
persons is associated with functional impairment and
physical disability[6].Ageing reduces muscle capacity
in the core muscles of the body causing a reduction in
functional mobility. Research suggests that the decrease
is most evident in the back, trunk and proximal muscles
of the lower limbs[7].In two robust studies, it was found
that older adults are less active than younger
adults[8].However  with  ever-rising  costs in
rehabilitation, it becomes important to develop
exercises to allow individuals to exercise at home.
According to researchers, patients performing core
strength training are able to be more physically active
and experience positive effects over a longer period of
time. The awareness about the importance of
performing physical activity for older adults has been
increasing in our country. A growing body of research
shows that muscle strength decreases with increased age
and that reduced muscle strength is one of the major
risk factors for falling. Exercise interventions aimed at
improving muscle strength have been identified as a key
strategy for reducing frailty and maintaining function in
old age[9].

Age is associated with a 1-2% decline in
functional ability per year[10].Having independence in
functional mobility tasks significantly reduces the level
of long-term care required by an individual with a
disability and allows an individual to participate in a
range of self-care, productive and leisure activities,
thereby promoting a sense of self-worth and
actualization[11].The core consists of the abdominal
region, hips and back, including the deep muscles along
the spine. These muscles work with your legs and arms
to move your body in different directions while
maintaining  control of your position and
movement. Core stability is the ability of the lumbo-
pelvic hip complex to prevent buckling and to return to
equilibrium after perturbation. Although static elements
(bone and soft tissue) contribute to some degree, core
stability is predominantly maintained by the dynamic
function of muscular elements. There is a clear
relationship between trunk muscle activity and lower
extremity movement[12].Studies show that
strengthening core muscles does aid in functional
abilities[13].The systemic degeneration of the ageing
process is manifested predominantly in the
musculoskeletal system as reduced functional mobility.
Traditionally, balance and/or lower extremity resistance
training were used to mitigate age-related deficits.
However, the effects of resistance training are limited
and poorly translate into improvements in balance,
functional tasks, activities of daily living, and fall rates.
Thus, it is necessary to develop and design new
intervention programs that are specifically tailored to
counteract age-related weaknesses. Recent studies

indicate that measures of trunk muscle strength (TMS)
are associated with variables of static or dynamic
balance, functional performance and falls (i.e.,
occurrence, fear, rate, and/or risk of falls). Further, there
is preliminary evidence in the literature that core
strength training (CST) has a positive influence on
measures of strength, balance, functional performance,
and falls in older adults[14].Less research has been
performed on the benefits of core training for elderly.
Therefore, in this study the authors wanted to explore
whether core strength training could improve functional
mobility in older adults. The objective of this study is to
determine the effects of core strength training on
functional mobility measured by timed up and go test
and functional reach test in older adults.

METHODS

We chose a randomised, single-blinded
controlled trial, with parallel arms. The study was
conducted at A.M. Physiotherapy Centre, Kerala, India.
The study was approved by the local ethics committee
on 18" March 2014 and all the subjects signed an
informed consent form. Subjects were recruited from
poster advertising mainly at the state pensioner’s
association office, referrals from other health
professionals and by word of mouth. We recruited 48
community dwelling elderly males in the age group of
55 —70 years. Community dwelling elderly with Body
Mass Index (BMlranging 20-30 who has the
independence to be able to participate in the physical
activities were included in the study. Exclusion criteria
have been developed to screen out patients
with: clinical or musculoskeletal impairments and with
any sort of implanted prosthesis of previous fracture in
axial skeleton or lower limbs, visual impairments
without correction and recent complaints of dizziness or
falls. They were excluded if under any sort of regular
training in the last 3 months. Subjects who failed to
participate for at least three consecutive training
sessions were excluded. Subjects were asked not to
participate in other physical activities or change their
daily habits during the study. They were randomly
allocated in the two groups. Intervention group (24
subjects) was submitted to core strength training for 6
weeks; each session being 45 minutes, 3 times a week
and the control group was without any intervention.

Outcome Measures:

Functional mobility is the capacity to move
from one position to another, to enable participation in
normal daily routines and activities. All subjects and
controls completed Timed up and go test and Functional
Reach Test(described in the following section) at pre-
intervention and again at the end of the 6-week
intervention period.

1. Timed up and go test (TUG)

TUG is a widely used measure of functional
mobility and appears sensitive and specific predictor of
fall among community dwelling older adults. The timed
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"Up & Go" test measures, in seconds, the time taken by
an individual to stand up from a standard arm chair,
walk a distance of 3 meters, turn, walk back to the
chair, and sit down again.TUG test provides
information about transfer, balance and gait
speed[15].The TUG test has excellent test-retest
reliability (ICC = 0.97) for the community-dwelling
elderly people. It also possesses excellent Inter-rater
reliability (mean difference between raters = 0.04
seconds) in elderly adults[16]. TUG test procedure is as
per reference available in site [36].

2. Functional reach test (FRT)

FRT is meant to determine the distance that a
person can move his center of gravity in the anterior
direction before needing to take a compensatory step. It
assesses a patient's stability by measuring the maximum
distance an individual can reach forward while standing
in a fixed position. The FRT is an indicator of limits of
stability (LOS).The Functional Reach Test (FRT) is an
inexpensive and easy to use tool to assess LOS in the
forward direction.The FRT measures LOS only in the
forward direction. Older adults with balance instability
tend to overestimate their forward reach ability. An
overestimation of forward reach coupled with reduced
postural limits may cause loss of balance in older adults
performing activities associated with moving the COG
toward the forward LOS[17].The instrument is
provided [37].

FRT has excellent test-retest reliability (ICC =
0.89) among community dwelling elderly[18].
Measurements were made before training and after six
weeks of training.

Core Strength Training:

The participants of the experimental group were
subjected to core strength training. Control group
participants did not receive any treatment. However all
subjects received an information booklet on
management of balance problems. A warming up period
before the activity included short walks. They were
followed by gentle stretching exercises. The exercise
group participated in a steadily progressing supervised
core strengthening program. A series of core strength
training exercises was safely performed under the
supervision of trained physical therapists. Core strength
training (CST) involves exercises that are challenging
for both trunk muscles and postural control and may
thus have the potential to induce benefits in trunk

muscle strength, spinal mobility and balance
performance. The following core strengthening
exercises were performed for 3 sets with 10 repetitions.
Supine bent-knee lifts, Quadruped with alternate arm-
leg raises, Prone plank, Side plank-left, Side plank-
right, Bridging and Bridges with leg lifts. Using
Microsoft Excel, data was converted into SPSS
(Statistical Package for Social Sciences) format for
analysis. SPSS version 19 was used. The descriptive
statistics were first calculated and the distribution of
data was checked.

RESULTS

The results show that there was statistically significant
difference in TUG scores and FRT scores in
participants of the experimental group subjected to core
strength training. There was no statistically significant
difference in both outcome measures among
participants of the control group. Statistical analysis
was done using independent ‘t-test’ to compare the
descriptive characteristics (age, height, weight) and no
statistically significant difference was found. The
significance level was set at 0.05. The results of
unpaired ‘t-test” with mean showed the homogeneity of
two groups (Table-1).The pre-test TUG scores of the
control group and the core strength training group were
compared using unpaired ‘t- test’ (time in seconds). By
conventional criteria, this difference is considered to be
not statistically significant (p= 0.6709; t = 0.4276)
(Table-2). The pre-test and post-test TUG scores of
control group were compared using paired ‘t- test’
(time in seconds).By conventional criteria, this
difference is considered to be not statistically significant
(t = 0.1548; P= 0.8783) (Table-3). The pre-test and
post-test TUG scores of core strength training group
were compared using paired ‘t- test’ (time in seconds).
By conventional criteria, this difference is considered to
be statistically significant (t = 7.3605) (Table-4).

The pretest FRT values of control group and core
strength training group has been compared using
unpaired t test (distance in cm). By conventional
criteria, this difference is considered to be not
statistically significant (P= 0.4993; t= 0.6810) (Table-
5). The pretest and post test FRT values of core strength
training group has been compared using paired t test
(distance in cm). By conventional criteria, this
difference is considered to be statistically significant
(Table-6).

Table 1: Comparison of baseline characteristics of the subjects proving homogeneity of two groups.

Variable Core Training Control
Group Group
Age 65 £2.12 66 £2.17
Height 166.11 +8.43 168.21 £ 8.64
Weight 73.21 £4.41 74.07 £3.49
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Table 2: The pretest TUG scores of control group and core strength training group has been compared using

Pre test Control Pretest core P value t
( Mean) strength (Mean)
8.025 £ 0.730 8.113 + 0.687 P=0.6709 | t=0.4276
Table 3: The pretest and post test TUG scores of control group has been compared using paired t test.

Pre test Post test t P value
(Mean) (Mean)

8.025 + 0.730 7.996+ 0.788 t=0.1548 P =0.8783

Table 4: The pretest and posttest TUG scores of core strength training group has been compared using paired t
test.

Pre test Post test t P value
( Mean) (Mean)

8.113 + 0.687 7.300 £ 0.526 t = 7.3605 P value is less

than 0.0001

Table 5: The pretest FRT scores of control group and core strength training group has been compared using

Table -6: The pretest and post-test FRT scores of core strength training group has been compared using paired t

unpaired t test.

unpaired t test (distance in cm).

Pre test Control Pretest core P value t
( Mean) strength (Mean)
18.000 + 1.636 18.325 +1.670 0.4993 t=0.6810

test (distance in cm).

Pre test Core Post Test Core t P value
strength group strength group
Mean Mean
18.325 + 1.670 19.058 + 1.749 t=8.8933 P value is less
than 0.0001

DISCUSSION

Older adults experience a significant decline in
overall functional capacity. A reduction in ability to
maintain balance may be associated with an increased
risk of falling. It is well documented that strength
training can enhance musculoskeletal fitness regardless
of age or gender, and increase overall quality of
life[19].The participation in physical activities improves
reaction time in the elderly. There is an increasing body
of evidence suggesting that exercise, as opposed to
usual activity, produces positive effects on balance in
older people[20].

The purpose of the current study was to
determine the effects of a 6 week core strength training
program in improving functional mobility in a group of
older adults. Our findings demonstrate improvements in
functional mobility assessed using TUG test and FRT.
Zak et al suggested that the loss of muscle strength and
function observed with advancing age is reversible even
in the frail elderly[21].Sixty percent of the mass of our
body is in the trunk. We need to control this to optimize
lower extremity and upper extremity function. Even
though muscles have anatomical individuality they do
not function that way. All movements of the extremities
either originate or are coupled through the
trunk[22].During any activity in the limbs, core muscles

are active before the prime movers of the limbs. The
structure of the spine is more unstable than those of
other bones, the roles of the deep muscles are
particularly important for spinal stabilization. In
particular, through EMG measurement, Hodges and
Richardson proved that Transversus Abdominis(Tr A)
contracts before any limb movement[23]. The core
allows for an improved force output when adequate
strength is attained. The trunk connects movements of
the lower body to the upper body and vice versa. Force
vectors are continuously being transmitted up and down
the body when performing movements. Ground reaction
forces as well as those generated by the lower body
muscles are transferred up the body to the upper
extremities when used in an activity[24].In addition, the
weight and forces applied at the upper extremities move
through the body down to the ground. In either case, the
forces all must traverse through the core. The core
musculature is also responsible for generating a variety
of movements of the trunk in many planes of motion.
Activation of Tr Aoccurs approximately 100
milliseconds before leg movement. Tr A contributes to
a general mechanism of trunk stabilization before any
activity in the limbs and affords greater leverage for
upper and lower extremity motions. The loss in reflex
ability as well as muscle strength in the rectus
abdominis, Transver susabdominis, and external oblique
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muscles reduces functional ADL for people over 60
years of age[25].A study by Konin reported that the
transverse abdominis muscle is the first and main
contractor among the core muscles during movements,
and it has also been reported that the external oblique
muscle is the main factor responsible for maintaining
stability, by fixation of the pelvis[26].Paraspinal
muscles assist the multifidus muscle to maintain the
spine in diverse curvature alignments created by the
abdominal muscles[27]. In addition, the thoracolumbar
fascia which is connected to the arms and legs is
believed to activate proprioception. Through this
connection, it is possible that synergic activation would
occur. Besides, to maintain balance, synergistic muscles
have been reported to provide agonist muscle groups
with inhibitory and facilitatory inputs[28].

Core stability is the ability of the lumbopelvic
hip complex to prevent buckling and to return to
equilibrium after perturbation. Although static elements
(bone and soft tissue) contribute to some degree, core
stability is predominantly maintained by the dynamic
function of muscular elements. The results of our study
are in accord with a recent study from Korea by Kim et
al which demonstrated improved dynamic balance after
performing a lumbar stabilization exercise program[29].
Another study on the effects of a program for trunk
strength and stability on pain, low back and pelvis
kinematics, and body balance also showed similar
results[30].Good core strength prevents abnormal
lumbar spine motions associated with leg motion. These
factors might have helped in faster time in performing
TUG among participants of the experimental group.

Core provides maximal force at the distal end
providing  precision and  stability to the
extremities[31].Activation of the deep intrinsic spinal
musculature enhances the sensory input to CNS. This
increased neuromuscular control of the core enhances
the dynamic stability and reduces the exposure of joint
surfaces to unusual forces. Fibers of multifidus control
inter-vertebral motion and spine orientation. Muscle
control depends on input from length and tension
receptors in muscles as well as other proprioceptors in
and around spinal joints. A higher-order integration of
proprioception, mostly from mechanoreceptors in the
skin, muscles and joints, allows the body to sense the
position of its parts in space[32]. These factors
contributed to the improvement in functional reach
among participants subjected to core strength training.

Core muscle activation patterns also result in
increased levels of muscle activation in the extremities,
improving their capability to support or move the
extremity. Maximum gastrocnemius plantar-flexor
power is generated by use of the hip muscles. Twenty-
six percent more activation can occur in the ankle as a
result of proximal muscle activation[33].The
improvement in FRT is due to the increase in the
strength of abductors of the hip. The strength of hip

abductors functions to stabilize the femur. The muscles
of the core create a greater moment of inertia against
body perturbation while allowing a stable base for
mobility. Core strength training not only works the
muscles in the hips, abdomen and back, it also trains
them to all work and function together. It builds
coordination between these muscles. Core strength
training can reduce the risk of falls by challenging the
nervous system to maintain balance and movement
coordination. In a 2013 mega-analysis published in
"Sports Medicine," researchers concluded that core
strength training can increase strength by an average of
30 percent and balance and functional performance by
23 percent among seniors[34].Core strength training
improves the rotational movements of the spine. In the
elderly, the trunk becomes more rigid so that rotational
movement of the pelvis is reduced which can lead to
pain and discomfort that limits further movement.
Recent cross sectional work has demonstrated that trunk
muscle attenuation explains a greater proportion of
variance in lower extremity physical function than thigh
attenuation, highlighting the importance of trunk
muscles [35]. This might be another probable reason for
the improvement in functional reach test. The
abdominal and lumbar paraspinal muscles provide
necessary levels of trunk stability for optimal
performance of typical activities of daily living.Strong
and endurable core muscles stabilize the spine favorably
by providing greater passive support with effective
mechanical integrity and enhanced neurological
recruitment patterns; including timely activation of
these muscles when exposed to forces and loads. These
factors attribute to the positive effects on gait and
balance of participants subjected to core strength
training.

This study had no drop outs and the adherence
rate to the exercise program was found very high. No
adverse events were reported by the participants or the
physiotherapists involved in the core strength training
during the study period. A similar recent study from
Germany reported that core strength training had a high
exercise adherence rate of 92 percent.

Our study concluded that core strength training
is a feasible exercise program for seniors to improve
functional mobility. CST is an effective, low-cost
solution to improve health and other factors that affect
falling risk among older adults. It is suggested that
exercises to improve core strength can be safely
included to the daily exercise regime for the elderly.

The limitations of our study stem from the fact
that core muscle activation was not measured in this
study. Further studies are needed which include larger
heterogeneous samples, to explore the influence of
these improvements on the number of reported falls. In
future, studies should be directed to explore the gender
differences among elderly in strategies to keep a stable
body posture. However the present study provides
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groundwork for future study on the topic of core
strength training. This type of training may be more
beneficial than traditional strength training exercises in
maintaining body stability and imitating the dynamic
movements.

CONCLUSION

Overall, our results demonstrate that core
strength training program improved functional mobility
in community dwelling older adults.CST program could
be successfully utilized in other senior independent
living communities to improve balance and mobility
and potentially reduce the risk of falls. Further, core
strength training is low-cost and can be safely practiced
both indoors and outdoors.

ACKNOWLEDGEMENT

The authors would like to thank the people who took
part in this study. The valuable suggestions of Mr.
Ajmal Sheriff, Physiotherapist, Al Nasar Sports Club,
UAE is gratefully acknowledged.

CONFLICT OF INTEREST
The authors declared no conflict of interest.

REFERENCES
1. Nelson D. India facing elderly population time
bomb. Available

fromhttp://www.telegraph.co.uk/news/worldnews/a
sia/india/9690781/India-facing-elderly-population-
time-bomb.html.

2. Lord SR, Ward JA, Williams P; The effect of
exercise on dynamic stability in older women: a
randomised controlled trial. Arch Phys Med
Rehabil, 1996; 77(3):232-6.

3. Lord SR, Sturnieks DL; The physiology of falling:
assessment and prevention strategies for older
people. J Sci Med Sport, 2005; 8(1):35-42.

4. Roberta AN; Validity of the Multi-Directional
Reach Test: A Practical Measure for Limits of
Stability in Older Adults. J Gerontol A Biol Sci
Med Sci, 2001; 56(4):248-52.

5. Selby A; Pilates for Pregnancy. Harper Collins
Publishers Ltd, London, 2002.

6. Janssen I, Heymsfield SB, Ross R; Low relative
skeletal muscle mass (sarcopenia) in older persons
is associated with functional impairment and
physical disability. J Am Geriatr Soc, 2002;
50(5):889-96.

7. Vogel T, Brechat PH, Lepretre PM, Kaltenbach G,
Berthel M &Lonsdorfer J; Health benefits of
physical activity in older patients: a review. Int J
Clin Pract. 2009; 63(2):303-20.

8. Shephard RJ; Gender, Physical Activity and
Aging.13-15, CRC Press, USA, 2002. P 13-15.

9. Lord SR, Menz HB, Tiedemann A; A physiological
profile approach to falls risk assessment and
prevention. Phys Ther, 2003; 83(3):237-52.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

British Geriatrics Society. Health Promotion and
Preventive Care - Best Practice Guide.2005.
Braddom R; Physical Medicine and Rehabilitation,
3rd ed, Philadelphia, Elsevier Inc, 2007.

Willson JD, Dougherty CP, Ireland ML, Davis IM;
Core stability and its relationship to lower
extremity function and injury. J Am Acad Orthop
Surg , 2005; 13(5):316-25.

Chen CL, Yeung KT, Bih LI; The relationship
between  sitting  stability and  functional
performance in patients with paraplegia. Arch Phys
Med Rehabil 2003; 84(9):1276-81.

Granacher U, Lacroix A, Muehlbauer T, Roettger
K, Gollhofer A; Effects of core instability strength
training on trunk muscle strength, spinal mobility,
dynamic balance and functional mobility in older
adults. Gerontology, 2013; 59(2):105-13.
Podsiadlo D, Richardson S; The timed “Up & Go™:
A test of basic functional mobility for frail elderly
persons. J Am Geriatr Soc, 1991; 39:142-8.
Siggeirsdottir K, Jonsson BY, Jonsson H
Jr, lwarsson S; The timed 'Up & Go' is dependent
on chair type. Clin Rehabil, 2002; 16(6):609-16.
King MB, Judge JO, Wolfson L; Functional base of
support decreases with age. J Gerontol, 1994;
49(6):258-63.

Weiner DK, Duncan PW, Chandler J, Studenski
SA; Functional reach: a marker of physical frailty.
J Am Geriatr Soc, 1992; 40(3):203-7.

Barbosa AR, Santarem JM, Filho WJ, Marucci
MN; Effects of resistance training on the sit and
reach test in elderly women. J Strength Cond Res,
2002; 16(1):14-8.

Howe TE, Rochester L, Jackson A, Banks PM,
Blair VA, Exercise for improving balance in older
people. Cochrane Database Syst Rev 2007;
(4):CD004963.

Zak M, Swine C, Grodzicki T; Combined effects of
functionally oriented exercise regimens and
nutritional ~ supplementation on  both  the
institutionalized and free living frail elderly. BMC
Public Health, 2009; 28; 9:39.

Brittenham D, Brittenham G; Stronger abs and
back. Champaign, IL: Human Kinetics, 1997.
Hodges PW, Richardson CA; Inefficient muscular
stabilization of the lumbar spine associated with
low back pain. Spine 1996; 21(22):2640-50.
Hedrick A; Training the trunk for improved athletic
performance. Strength Cond J, 2000; 22: 50-6.
Fujiwara T, Hara Y, Chino N; Expiratory function
in complete tetraplegics: study of spirometry,
maximal expiratory pressure, and muscle activity
of pectoralis major and latissimusdorsi muscles.
Am J Phys Med Rehabil, 1999; 78:464- 469.

Konin JG, Beil N, Werner G; Facilitating the
serape effect to enhance extremity force
production. Athl Ther Today 2003; 8: 54-56.

Yu SH, Park SD; The effects of core stability
strength exercise on muscle activity and trunk

24


http://www.telegraph.co.uk/news/worldnews/asia/india/9690781/India-facing-elderly-population-time-bomb.html
http://www.telegraph.co.uk/news/worldnews/asia/india/9690781/India-facing-elderly-population-time-bomb.html
http://www.telegraph.co.uk/news/worldnews/asia/india/9690781/India-facing-elderly-population-time-bomb.html
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lord+SR%2C+Ward+JA%2C+Williams+P+(1996).+The+effect+of+exercise+on+dynamic+stability+in+older+women%3A+a+randomised+controlled+trial.+Archives+of+Physical+Medicine+and+Rehabilitation%3B+77%3A+232%E2%80%93236.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lord+SR%2C+Ward+JA%2C+Williams+P+(1996).+The+effect+of+exercise+on+dynamic+stability+in+older+women%3A+a+randomised+controlled+trial.+Archives+of+Physical+Medicine+and+Rehabilitation%3B+77%3A+232%E2%80%93236.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lord+SR+%26+Sturnieks+DL+(2005).+The+physiology+of+falling%3A+assessment+and+prevention+strategies+for+older+people.+Journal+of+Science+and+Medicine+in+Sport%3B+8+(1)%2C+35-42.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roberta+AN+(2001).Validity+of+the+Multi-Directional+Reach+Test%3A+A+Practical+Measure+for+Limits+of+Stability+in+Older+Adults.+Journal+of+Gerontology%3A+Medical+Sciences%3B+56(4)+248%E2%80%93252.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roberta+AN+(2001).Validity+of+the+Multi-Directional+Reach+Test%3A+A+Practical+Measure+for+Limits+of+Stability+in+Older+Adults.+Journal+of+Gerontology%3A+Medical+Sciences%3B+56(4)+248%E2%80%93252.
http://www.ncbi.nlm.nih.gov/pubmed?term=Janssen%20I%5BAuthor%5D&cauthor=true&cauthor_uid=12028177
http://www.ncbi.nlm.nih.gov/pubmed?term=Heymsfield%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=12028177
http://www.ncbi.nlm.nih.gov/pubmed?term=Ross%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12028177
http://www.ncbi.nlm.nih.gov/pubmed/?term=Janssen+I%2C+Heymsfield+SB%2C+Ross+R+(2002).+Low+relative+skeletal+muscle+mass+(sarcopenia)+in+older+persons+is+associated+with+functional+impairment+and+physical+disability.+Journal+of+the+American+Geriatric+Society%3B++50(5)%3A889-96.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lord+SR%2C+Menz+HB%2C+Tiedemann+A+(2003).+A+physiological+profile+approach+to+falls+risk+assessment+and+prevention.+Physical+Therapy%3B+83%2C+237%E2%80%93252.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Willson+JD%2C+Dougherty+CP%2C+Ireland+ML%2C+Davis+IM+(2005).Core+stability+and+its+relationship+to+lower+extremity+function+and+injury.+Journal+of+the+American+Academy+of+Orthopaedic+Surgeons%3B+13(5)%3A316-25.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Willson+JD%2C+Dougherty+CP%2C+Ireland+ML%2C+Davis+IM+(2005).Core+stability+and+its+relationship+to+lower+extremity+function+and+injury.+Journal+of+the+American+Academy+of+Orthopaedic+Surgeons%3B+13(5)%3A316-25.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Granacher+U%2C+Lacroix+A%2C+Muehlbauer+T%2C+Roettger+K%2C+Gollhofer+A+(2013).+Effects+of+core+instability+strength+training+on+trunk+muscle+strength%2C+spinal+mobility%2C+dynamic+balance+and+functional+mobility+in+older+adults.+Gerontology%3B+59(2)%3A105-13.+doi%3A+10.1159%2F000343152
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weiner+DK%2C+Duncan+PW+et+al+(1992).+Functional+reach%3A+a+marker+of+physical+frailty.+Journal+of+American+Geriatric+Society%3B+40(3)%3A+203-207.
http://www.ncbi.nlm.nih.gov/pubmed?term=Siggeirsd%C3%B3ttir%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12392335
http://www.ncbi.nlm.nih.gov/pubmed?term=J%C3%B3nsson%20BY%5BAuthor%5D&cauthor=true&cauthor_uid=12392335
http://www.ncbi.nlm.nih.gov/pubmed?term=J%C3%B3nsson%20H%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=12392335
http://www.ncbi.nlm.nih.gov/pubmed?term=J%C3%B3nsson%20H%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=12392335
http://www.ncbi.nlm.nih.gov/pubmed?term=Iwarsson%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12392335
http://www.ncbi.nlm.nih.gov/pubmed/?term=Siggeirsdottir+K%2C+Jonsson+BY+et+al+(2002).+The+timed+%27Up+%26+Go%27+is+dependent+on+chair+type.+Clinical+Rehabilitation%3B+16(6)%3A+609-616.
http://www.ncbi.nlm.nih.gov/pubmed/?term=King+MB%2C+Judge+JO%2C+Wolfson+L+(1994).+Functional+base+of+support+decreases+with+age.+Journal+of+Gerontology%3A+Medical+Sciences%3B+49%3A+258%E2%80%93263.
http://www.ncbi.nlm.nih.gov/pubmed?term=Weiner%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=1538035
http://www.ncbi.nlm.nih.gov/pubmed?term=Duncan%20PW%5BAuthor%5D&cauthor=true&cauthor_uid=1538035
http://www.ncbi.nlm.nih.gov/pubmed?term=Chandler%20J%5BAuthor%5D&cauthor=true&cauthor_uid=1538035
http://www.ncbi.nlm.nih.gov/pubmed?term=Studenski%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=1538035
http://www.ncbi.nlm.nih.gov/pubmed?term=Studenski%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=1538035
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weiner+DK%2C+Duncan+PW+et+al+(1992).+Functional+reach%3A+a+marker+of+physical+frailty.+Journal+of+American+Geriatric+Society%3B+40(3)%3A+203-207.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barbosa+A%2C+Santeram+J+et+al+(2002).+Effects+of+resistance+training+on+the+sit+and+reach+test+in+elderly+women.+Journal+of+Strength+and+Conditioning+Research%3B+16%3A+14-18.
http://www.ncbi.nlm.nih.gov/pubmed/17943831
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zak+M%2C+Swine+C+%26+Grodzicki+T+(2009).+Combined+effects+of+functionally+oriented+exercise+regimens+and+nutritional+supplementation+on+both+the+institutionalized+and+free+living+fail+elderly.+BMC+Public+Health%3B+28-39.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zak+M%2C+Swine+C+%26+Grodzicki+T+(2009).+Combined+effects+of+functionally+oriented+exercise+regimens+and+nutritional+supplementation+on+both+the+institutionalized+and+free+living+fail+elderly.+BMC+Public+Health%3B+28-39.

Nishad AM et al., Sch. Acad. J. Biosci., 2015; 3(1A):19-25

28.

29.

30.

31.

32.

impairment scale in stroke patients. J Exerc
Rehabil ,2013; 9(3):362-7.

Behm DG, Anderson K, Curnew RS; Muscle force
and activation under stable and unstable conditions.
J Strength Cond Res 2002; 16(3):416-22.

Kim CH, Kim WM, Lee HW; Effects of 8 weeks
lumbar stabilization exercise program on the
muscle’s cross-sectional area, pain and dynamic
balancing capability of patients with lumbar disk
herniation. Korean J Phys Educ, 2012; 51: 451-
461.

Carpes FP, Reinehr FB, Mota CB; Effects of a
program for trunk strength and stability on pain,
low back and pelvis kinematics, and body balance:
a pilot study. J Bodyw Mov Ther, 2008; 12(1):22-
30.

Kibler WB, Joel PJ, Sciascia A; The Role of Core
Stability in Athletic Function. Sports Med, 2006;
36(3):189-98.

Reeves NP, Narendra KS, Cholewicki J; Spine
stability: the six blind men and the elephant. Clin
Biomech, 2007; 22(3):266-74.

33.

34.

35.

36.

37.

Van Ingenschenau GJ, Bobbert MF, Rozendahl
RH; The unique action of bi-articulate muscles in
complex movements. J Anat, 1987; 155:1-5.
Granacher U, Gollhofer A, Hortobagyi T, Kressig
RW, Muehlbauer T; The importance of trunk
muscle  strength  for  balance, functional
performance, and fall prevention in seniors: a
systematic review. Sports Med, 2013;43(7):627-41.
Hicks GE, Simonsick EM, Harris TB, Newman
AB, Weiner DK, Nevitt MA, Tylavsky FA; Cross-
sectional associations between trunk muscle
composition, back pain, and physical function in
the health, aging and body composition study. J
Gerontol A Biol Sci Med Sci, 2005; 60:882-887.
Available at
http://www.saskatoonhealthregion.ca/pdf/03_Time
d%20Up%20and%20G0%20procedure.pdf
Avialble at
http://www.rehabmeasures.org/PDF%20L.ibrary/Fu
nctional%20Reach%20Test.pdf

25


http://www.ncbi.nlm.nih.gov/pubmed/?term=Yu+SH%2C+Park+SD+(2013).+The+effects+of+core+stability+strength+exercise+on+muscle+activity+and+trunk+impairment+scale+in+stroke+patients%3B+9(3)%3A362-7.+doi%3A+10.12965%2Fjer.130042.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yu+SH%2C+Park+SD+(2013).+The+effects+of+core+stability+strength+exercise+on+muscle+activity+and+trunk+impairment+scale+in+stroke+patients%3B+9(3)%3A362-7.+doi%3A+10.12965%2Fjer.130042.
http://www.ncbi.nlm.nih.gov/pubmed?term=Behm%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=12173956
http://www.ncbi.nlm.nih.gov/pubmed?term=Anderson%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12173956
http://www.ncbi.nlm.nih.gov/pubmed?term=Curnew%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=12173956
http://www.ncbi.nlm.nih.gov/pubmed/?term=Behm+DG%2C+Anderson+K%2C+Curnew+RS+(2002).+Muscle+force+and+activation+under+stable+and+unstable+conditions.+Journal+of+Strength+and+Conditioning+Research%3B+16(3)%3A416-22.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carpes+FP%2C+Reinehr+FB%2C+Mota+CB+(2008).+Effects+of+a+program+for+trunk+strength+and+stability+on+pain%2C+low+back+and+pelvis+kinematics%2C+and+body+balance%3A+a+pilot+study.+Journal+of+Bodywork+and+Movement+Therapies%3B+12%3A+22%E2%80%9330.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kibler+WB%2C+Joel+Press+J+%26+Sciascia+A+(2006).+The+Role+of+Core+Stability+in+Athletic+Function.+Sports+Medicine%3B+36+(3)%3A+189-198.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van+Ingenschenau+GJ%2C+Bobbert+MF%2C+Rozendahl+RH+(1987).+The+unique+action+of+bi-articulate+muscles+in+complex+movements.+Journal+of+Anatomy%3B+155%3A+1-5.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Granacher+U%2C+Gollhofer+A%2C+Hortob%C3%A1gyi+T%2C+Kressig+RW%2C+Muehlbauer+T+(2013).+The+importance+of+trunk+muscle+strength+for+balance%2C+functional+performance%2C+and+fall+prevention+in+seniors%3A+a+systematic+review.+Sports+Medicine%3B+43(7)%3A627-41.+doi%3A+10.1007%2Fs40279-013-0041-1.
http://www.saskatoonhealthregion.ca/pdf/03_Timed%20Up%20and%20Go%20procedure.pdf
http://www.saskatoonhealthregion.ca/pdf/03_Timed%20Up%20and%20Go%20procedure.pdf
http://www.rehabmeasures.org/PDF%20Library/Functional%20Reach%20Test.pdf
http://www.rehabmeasures.org/PDF%20Library/Functional%20Reach%20Test.pdf

