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Abstract:
Background: Aging is a gradual, life-long process and highly variable, characterized by a progressive and
cumulative generalized impairment of physiological functions which in turn reduces functional performance and
disturbs ADL's & may lead to signiﬁcant impact on core & lower limb muscles, which are important in functioning.
Thus, the study aimed at assessing correlation amongst the core & lower limb muscles and functional status.
Methods and procedures: 84 participants between 70-79 years of age (Male:Female = 1:1) were assessed for core
strength, Lower limb strength and functional mobility using pressure biofeedback, ﬁve times sit to stand and timed
up and go test respectively and data was tabulated & analyzed further in SPSS. Results: Spearman's correlation
was used in this study which showed signiﬁcant positive correlation between core strength and lower limb strength
with lower limb functional status. (r(Core)=0.813, r(5SST) =0.893; p(Core)=0.00, p(5SST) =0.00) Discussion:
Optimal core stability helps maintain the center of gravity within the altered base of support and this could be a
reason for individuals with good core strength having better functional mobility. Also force of muscle contraction is
directly proportional to velocity of movement which is seen reduced in lower limb musculature because of aging in
this population. Conclusion: The present study concluded that strong correlation of core strength and lower limb
strength with functional mobility exists among middle old elderly population.
Keywords: Core strength, TUG, 5SST, Functional status, Lower limb strength, Pressure biofeedback.
of environments in order to accomplish functional
activities or tasks and to participate in activities of
daily living (ADL), at home, work and in the
community. It includes movements like standing,
bending, walking and climbing, which are the
building blocks of ADLs, and hence, these are crucial
to an individual's independent living and global
health status.[2, 3] Impaired functional mobility has
been found to be associated with a greater risk of
falls,
loss
of
independence,
and
institutionalization.[4] It is well documented that
aging impairs balance and functional mobility. Thus,
functional mobility is a multi-system approach and
has various components such as neurological system
involving static and dynamic balance, movementbased system involving diﬀerent musculature such as
core strength, lower limb strength and various
postures may be aﬀecting ADLs.

Introduction:
WHO deﬁnes healthy ageing as “the process of
developing and maintaining the functional ability that
enables well-being in older age.” The available
community-based studies have reported the
prevalence of falls among elderly persons to be
2.4%–50%.[1] Middle old population in whom aging
processes are accelerated shows consequences such
as decrease in strength, endurance and ﬂexibility
leading to decreased coordination, stability and
balance impacting on overall functional status and
thus, the quality of life.
Functional status provides a more global and
functional perspective of patients' health conditions
and hence is increasingly used as an outcome in
clinical studies. It may be discussed in terms of
functional mobility which is physiological ability of
people to move independently and safely in a variety
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with mean age years (73.476 2.98). After obtaining
approval from the Institutional Ethical Committee,
samples were recruited with their consent, as per our
inclusion criteria and those who had recent lower
limb fractures, Severe pain due to acute injuries
(VAS 5+) or acute injuries limiting person's ability to
walk, Severe back pain with SI joint dysfunction
(VAS 5+), Neurological conditions like stroke and
Parkinsonism etc. and conditions involving balance
issues, Or Uncontrolled Diabetes mellitus were
excluded from the study. Procedure and Purpose of
the study was explained. They were assessed for
Core muscle strength, lower limb muscle strength
and lower limb functional status.
Core muscle strength was evaluated using pressure
biofeedback unit where Patient is in prone lying. The
stabilizer pressure biofeedback unit was placed
horizontally under the abdomen with the lower edge
just below the anterior superior iliac spine (ASIS)
(navel at the center of the unit.) It was inﬂated up to
70 mmhg before performing Drawing in maneuver.
The pressure drops 6 to 100 mmHg. It was observed
if the patient could maintain pressure drop for up to
10 secs. Muscle endurance (holding for tonic
capacity) of the Transversus abdominis (TrA) was
measured by number of 10 secs holds (up to 10).[7]
Lower limb functional status was evaluated using
Timed Up and Go test where a chair was placed in an
open space and three meters (9.8 feet) from the front
edge of the seat was measured. A small piece of tape
or chalk was used to mark the distance on the ﬂoor.
Care was taken that the chair was stable and did not
move when getting up. The participant sat in the
chair with his arms resting comfortably on his lap or
at his sides (not on the armrests). They should be
seated properly with their hips positioned all the way
to the back of the seat. They would then be timed as
they rise from the chair, walk three meters, turn
around, return to the chair, and sit down. The
recorded time on the stopwatch was the TUG
score.[8]
Lower limb strength was evaluated using Five times
sit to stand where the patient sat with their back
against the back of the chair. Each stand was counted
aloud so that the patient remains oriented.

The Core is the central, key point of the body; it
plays a postural role in holding the body upright and
in performing selective trunk movements, during
static and dynamic postural adjustments. It functions
to stabilize the trunk while the arms and legs move
during functional movements. There are evidences
that support ﬁndings wherein there is increasing
atrophy of transversus abdominus observed as age
progresses.[5] Core muscles are widely used while
performing daily tasks like getting up from a chair,
standing, walking, cleaning and lifting objects.
Functionally, trunk acts as link to transfer these
forces to appendicular skeleton while executing
whole body movements such as activities of daily
living and instrumental activities of daily living.
As mentioned above, appendicular skeleton also
plays a major role in performing functional activities
and ADL's. Although studies reveal that muscle
thickness in Gluteus Medius, Gluteus Minimums,
Psoas Major, Rectus Femoris, Vastus Lateralis,
Vastus
Intermedius,
Biceps
Femoris
and
Gastrocnemius which are prime movers for activities
of daily living like walking, stepping squatting.
Major contributing factors for the diminishing
capacity to perform basic activities of daily living
(e.g. rising from a chair, walking unassisted, and
climbing stairs) in elderly are age-related decrease in
lower limb strength, speed, and power. Poor lower
extremity physical function, especially a poor
walking ability, has been found to be an important
risk factor related to falls in elderly communitydwelling people.[6]
As discussed above, both core and lower limb
strength may have a signiﬁcant impact on functional
status. Thus, it is essential to investigate the
association between them to reduce health care
burden and prevent further complications.
Methodology:
The study undertaken was a cross sectional study in
and around Mumbai, Navi Mumbai from March 2022
to May 2022 in which sampling was done by using
convenience type. 150 elderlies were screened from
community set ups and tertiary health care centre. A
sample size of 84 was calculated using G Power
software (Male:Female = 1:1), keeping eﬀect size as
0.3. They were falling in the age group 70-79 years
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The test was stopped when the patient achieved the
standing position on the 5th repetition. Patient was
instructed to stand up straight as quickly as you can 5
times, without stopping in between. Keeping arms
folded across chest. Time taken to complete Five sit
to stands was noted.[9]
The data was tabulated, stored and evaluated in Excel
wherein the Demographics were analyzed in. Data
was further analyzed using SPSS software. A
descriptive statistic for variables like Core strength,
ﬁve times sit to stand and TUG scores was done for
mean, median and interquartile range. Normality was
assessed for these variables by using Kolmogorov's
Smirnov test. As the data was not normally
distributed, non-parametric spearman's correlation
was found between Core strength and TUG as well as
Five times sit to stand and TUG.

Results:
Our Demographics showed that the mean age of
participants in our study was 73.476±2.98 years; (42
males and 42 females) and 11 of them having
controlled hypertension as shown in demographics
Table I below.
Table I: Demographics

Age

Mean±SD = 73.476±2.98

Gender

No. Of Male=42
No. Of Female=42

Residence

Mumbai: 22
Navi Mumbai: 25
Others: 37

STROBE guidelines:

Co morbidities HTN (controlled)= 11
DM (controlled)= 0
Correlation between core strength and lower limb
functional status signiﬁes a signiﬁcant (p=0.00) and a
strong positive correlation between core strength and
Lower limb functional status as the r value is 0.81 as
mentioned in the Table II. A graphical representation
of this positive relationship can be seen in Graph 1.
Table II: Correlation between Core strength and
TUG
Median (IQR)
Core strength 66.66(65-68) mmHg
TUG

r-value p-value
0.81

0.000

14.73(12.23-18.24) seconds

Graph 1: Correlation between core strength and
lower limb functional status
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limb strength in Middle old population. (Graph 1,2)
Advancing age is associated with changes in various
physiological systems. Of particular interest is the
musculoskeletal system because it directly
contributes to mobility and functional independence.
Skeletal muscle mass and strength decline with age.
These changes are mostly due to a reduction in the
number of muscle ﬁbers and cellular and molecular
changes that reduce the force-generation process.
Skeletal muscle cross-sectional area (CSA) decreases
with age.[10] This phenomenon, which is referred to
as sarcopenia, can be the result of a reduction in ﬁber
size, ﬁber number, or a combination of the two. Most
researchers who have investigated sarcopenia have
used either imaging techniques or muscle biopsies
that have been performed in a cross-sectional
manner.[11] The results of microscopic evaluation of
cross-sections from whole human vastus lateralis
muscles suggest that, although a small reduction in
ﬁber size may occur, a reduction in the total number
of ﬁbers within a muscle is the primary source of
sarcopenia.[12] Researchers have also demonstrated
that, in addition to the decrease in skeletal muscle
CSA, the muscles of older people (65–83 years of
age) contain less contractile tissue and more
noncontractile tissue when compared with the
skeletal muscle of younger people (26–44 years of
age).[13] A greater percentage of noncontractile
tissue (fat and connective tissue) results in a
decreased force production capability. The change in
tissue composition in older people suggests that their
muscle mass may be reduced to a greater extent than
can be determined by measurements of muscle CSA
alone. Of the musculature, few muscles pose great
importance in carrying out daily tasks. Core plays an
important role in postural stabilization. Lower limb
has a crucial role in performing dynamic activities
and ADL's.
Core strength and lower limb functional status:
Out of various core muscles, the superﬁcial
abdominal muscles, for example, rectus abdominis
and the external and internal oblique muscles, are
often seen involved in stability as well as bending
and rotation movements of the trunk. The deep
abdominal muscles, such as the transversus
abdominis muscle, have an important role to play in
stabilizing the lumbar spine.[14]

Correlation between lower limb strength and
functional status signiﬁes a signiﬁcant (p=0.00) and a
strong positive correlation between Lower limb
strength and Lower limb functional status as the r
value is 0.893 as mentioned in Table III. A graphical
representation of this positive relationship can be
seen in Graph 2.
Table III: Correlation between 5SST and TUG
Median(IQR)
5 SST 15.50(12.75-19.82) seconds
TUG

r-value p-value
0.893

0.000

14.73(12.23-18.24) seconds

Graph 2: Correlation between lower limb strength
and lower limb functional status

Discussion:
The purpose of this study was to investigate the
correlation between lumbar core strength and lower
limb strength with lower limb functional status in
middle old people. The objective was to assess lower
limb functional status, core strength and lower limb
strength in middle old population and to ﬁnd
correlation between core strength as well as lower
limb strength with lower limb functional status.
150 older adults were screened to obtain 84
participants (42 males and 42 females) of the age
group 70-79 with the mean age of 73.47+_2.98, who
were fulﬁlling our inclusion criteria. Among them, 11
participants had controlled hypertension. They were
obtained from various rural as well as urban regions.
They were assessed for Functional status by using
Timed up and go (TUG), Core strength by using
Pressure biofeedback unit and Lower limb strength
by using ﬁve times sit to stand test. A signiﬁcant
positive correlation was found between functional
status and the core muscle strength as well as lower
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As age progresses, there were seen various
degenerative changes such as atrophy in overall
abdominal muscles. Out of which there was seen a
slow but gradual impact on transversus
abdominis.[15] According to Barbosa et al (2002),
the functional capacity of older individual's declines
with the onset of aging. this aﬀects both static and
dynamic balance, proprioception, strategies, etc. This
may result in an increased risk of falls.[16] This is
linked with quality of core strength attained at given
instance.
It was stated by Brittenham et al. That Trunk has
60% of the mass of one's body and thus trunk acts as
a linking chain wherein all movements of the
extremities either originate or are coupled through
the trunk.[17] The deep muscles are particularly
important for spinal stabilization which is supported
by a study performed by Nishad et al.[18] According
to the kinetic chain theory, core stability is the ability
to control the position and motion of the trunk and
pelvis relative to the extremities to allow for optimal
force production dissipation and transfer to the
extremities during movement.[19]
Additionally, central neurophysiologic mechanisms,
which inﬂuence an individual's ability to exert a
maximal eﬀort known as central drive, may be
manifested greater with maximal power production
than with force production alone.[20] This is
supported by Hodges et al., who found that prior to
any movement of the limbs, the co-contraction of the
deeper layer of transversus abdominis and multiﬁdus
muscle groups occur. This neuromuscular
pre-activation is crucial in stabilizing the spine prior
to any movement.[21] This further suggests that core
muscles are active before the prime movers of the
limbs' during any activity in the limbs. multiple
activities including sit-to-stand, walking a short
distance, changing direction during walking which
alters the base of support. As seen previously,
optimal core stability helps maintain the center of
gravity within the altered base of support and this
could be a reason for individuals with good core
strength having better functional status. This also
supports our observations which shows positive
correlation between core strength and lower limb
functional status in graph. Thus, it is important to
work on core so as to prevent falls, injuries.

Lower limb strength and lower limb functional
status: As per studies, role of lower limb is
prerequisite in performing any ADLs as Lower limb
strength is required to perform functional mobility.
Lower limbs act as a carrier of the body that transfers
or shifts body from one position to another. A
kinematic study done by Schenkman M. et al (1990)
suggested that hip ﬂexors and extensors, Ankle
dorsiﬂexors and plantar ﬂexors and knee extensors
are seen essential in lower limb movement. These
would also result in maintenance of postural stability
and balance and thus, further in functional
mobility.[22] Lower limb muscle strength is
associated with functional performance and may get
aﬀected during aging process as mentioned above.
M. Callahan Et al (2011) has studied about the forcevelocity relationship which describes the fact that the
force-generating capacity of the muscle also depends
on the contraction velocity. Which means that the
force-generating capacity of the muscle also depends
on the contraction velocity and on whether it is an
eccentric or concentric contraction. Damien M.
Callahan and Jane A. Kent-Braun found that the
muscles of aged individuals' contract with less force,
have slower relaxation rates, and demonstrate
downward slope of force velocity relationship.[23]
Low muscle mass could be deﬁned as age-related
lean tissue mass loss that usually resulted in reduced
physical function, muscular strength, and mobility
and so as aﬀecting overall functional status[24] and
thus, it can be associated with an increase in the risk
of falling or physical disability in communitydwelling middle-aged and older adults in several
studies.
From above discussion it can be postulated that there
is indeed a signiﬁcant impact of core strength and
Lower Limb strength on lower limb Functional
Status. Thus, it is needed to focus on above
mentioned parameters so to improve this further. This
would help in prevention of injuries, trauma and
attaining appropriate QOL.
Conclusion:
The present study concluded that strong correlation
of core strength and lower limb strength with
functional mobility exists among middle old elderly
population.
Conﬂict of Interest: None
53
VIMS Health Science Journal Volume 9 - Issue 2 - June 2022

Ms. Pallavi Hoge & Dr. Mayuri Khatavkar

Correlation of Core Muscle Strength and Lower Limb Muscle Strength

whole vastus lateralis muscle from 15- to 83year-old men. J Neurol Sci. 1988;84:275–294.
11. Oung A , Stokes M, Crowe M. Size and strength
of the quadriceps muscles of old and young
women. Eur J Clin Invest. 1984;14:282–287.
12. Lexell J , Taylor CC, Sjostrom M. What is the
cause of the ageing atrophy? Total number, size,
and proportion of diﬀerent ﬁber types studied in
whole vastus lateralis muscle from 15- to 83year-old men. J Neurol Sci. 1988;84:275–294.
13. Kent-Braun JA , Ng AV, Young K. Skeletal
muscle
contractile
and
noncontractile
components in young and older women and men.
J Appl Physiol. 2000;88:662–668.
14. Shahtahmassebi, B., Hebert, J.J., Hecimovich,
M.D. et al. Associations between trunk muscle
morphology, strength and function in older
adults. Sci Rep 7, 10907 (2017).
15. Megumi Ota et al. research title : Age-related
changes in the thickness of the deep and
superﬁcial abdominal muscles in women, 2012.
16. Barbosa AR, Santarém JM, Filho WJ, Marucci
Mde F. Eﬀects of resistance training on the
sit-and-reach test in elderly women. J Strength
Cond Res 2002;16:14-8.
17. Brittenham D, Brittenham G. Stronger Abs and
Back. Champaign, IL: Human Kinetics; 1997.
18. Nishad AM, Nizar AK. Randomized controlled
trial of core strength training in older adults:
Eﬀects on functional mobility. Sch Acad J Biosci
2015;3:19-25.
19. Kibler WB, Press J, Sciascia A. The role of core
stability in athletic function. Sports Med
2006;36:189-98.
20. Seth Herman, Dan K. Kiely, Suzanne Leveille,
Evelyn O'Neill, Sharon Cyberey, Jonathan F.
Bean, Upper and Lower Limb Muscle Power
Relationships in Mobility-Limited Older Adults,
The Journals of Gerontology: Series A, Volume
60, Issue 4, April 2005, Pages 476–480.
21. Hodges PW. Core stability exercise in chronic
low back pain. Orthop Clin North Am. 2003
Apr;34(2):245-54. doi: 10.1016/s0030-5898(03)
00003-8. PMID: 12914264.
22. Schenkman M, Berger RA, Riley PO, Mann RW,
Hodge WA. Whole body movement during rising
to standing from sitting. Phys Ther. 1990;
70:638–651.
23. Callahan DM, Kent-Braun JA. Eﬀect of old age
on human skeletal muscle force-velocity and
fatigue properties. properties. JApplPhysiol
(1985). 2011;111(5):13451352.doi:10.1152/japp
lphysiol.00367.2011.
24. Gray M, Glenn JM, Binns A. Predicting
sarcopenia from functional measures among
community-dwelling
older
adults.
Age.
2016;38:22.

References:
1. Avneet Kaur, Mani Kalaivani, Akhil Dhanesh
Goel, Anil Kumar Goswami, Baridalyne
Nongkynrih, Sanjeev Kumar Gupta. Centre for
Community Medicine, All India Institute of
Medical Sciences, Ansari Nagar, New Delhi
110029, India. May, 2021.
2. Forhan M, Gill SV (2013) Obesity, functional
mobility and quality of life. Best Pract Res Clin
Endocrinol Metab 27, 129–137.
3. King LA, Horak FB (2009) Delaying mobility
disability in people with Parkinson disease using
a sensorimotor agility exercise program. Phys
Ther 89, 384–393.
4. Leonardi M, Meucci P, Ajovalasit D, Albanesi F,
Cerniauskaite M, Invernizzi V, Lembo R, Quintas
R, Sattin D, Carella F, Romito L, Soliveri P,
Bussone G, D'amico D, Maggi L, Mantegazza R,
Raggi A (2009) ICF in neurology: Functioning
and disability in patients with migraine,
myasthenia gravis and Parkinson's disease.
Disabil Rehabil 31, S88–S99.
5. Ota M, Ikezoe T, Kaneoka K, Ichihashi N. Agerelated changes in the thickness of the deep and
superﬁcial abdominal muscles in women. Arch
Gerontol Geriatr. 2012 Sep-Oct;55(2):e26-30.
doi: 10.1016/j.archger.2012.03.007. Epub 2012
Apr 6. PMID: 22483589.
6. Morita M, Takamura N, Kusano Y, Abe Y, Moji K,
Takemoto T, Aoyagi K. Relationship between
falls and physical performance measures among
community-dwelling elderly women in Japan.
Aging Clin Exp Res. 2005;17:211–6.
7. Pienaar AW, Barnard JG. Development, validity
and reliability of a new pressure air biofeedback
device (PAB) for measuring isometric extension
strength of the lumbar spine. J Med Eng Technol.
2017 Apr;41(3):216-222. doi: 10.1080/03091
902.2016.1253794. Epub 2016 Nov 14. PMID:
27838945.
8. Hofheinz M, Mibs M. The Prognostic Validity of
the Timed Up and Go Test With a Dual Task for
Predicting the Risk of Falls in the Elderly.
Gerontol Geriatr Med. 2016 Mar 16;2:233372
1416637798. doi:10.1177/2333 7214 16637798.
PMID: 28138492; PMCID: PMC5 119801.
9. Goldberg A, Chavis M, Watkins J, Wilson T. The
ﬁve-times-sit-to-stand test: validity, reliability
and detectable change in older females. Aging
Clin Exp Res. 2012 Aug;24(4):339-44. doi:
10.1007/BF03325265. PMID: 23238309.
10. Frontera WR , Hughes VA, Fielding RA, et al. .
Aging of skeletal muscle: a 12-yr longitudinal
study. J Appl Physiol. 2000;88:1321–1326),
(Lexell J , Taylor CC, Sjostrom M. What is the
cause of the ageing atrophy? Total number, size,
and proportion of diﬀerent ﬁber types studied in
54

VIMS Health Science Journal Volume 9 - Issue 2 - June 2022

