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QUANTIFYING THE SINGLE LEG BALANCE USING MULTIPLE
DYNAMIC POSTURES ON STABLE SURFACE
R.Vinodh Rajkumar.
Physiotherapist & Anthropologist, Director – Prabhanjeet Fitness Research Institute OPC Private
Limited, Bangalore, Karnataka, India.

Introduction: Singe leg balance (SLB) is a key neuro-biomechanical asset of several fundamental and advanced
closed kinetic chain activities of lower limbs. From the perspectives of healthy ageing and fall prevention
strategies, there is a compelling need to explore and devise a safe and effective SLB assessment tool to incorpo-
rate in multifactorial health evaluations and gerontological education.

Methodology: About twenty dynamic SLB exercise techniques were opted and used as assessment techniques to
build a dynamic SLB assessment scale.

Results: As a preliminary testing, when this assessment scale was applied on non-athlete individuals in the age
group of 35 to 50 years old, nine men (Mean body weight = 79 Kg, Mean fat percentage = 32) and five women
(Mean body weight = 65 Kg, Mean fat percentage = 36), who have been exercising two to three days per week under
the supervision of exercise professional, they displayed excellent SLB in almost all the techniques.

Conclusion: It is prudent to utilize this dynamic SLB assessment scale not only to diagnose and quantify SLB
performance but also to motivate the individuals by giving the highest rating even if the individuals display
precise SLB only after multiple trials and errors. Numerous such simple, inexpensive and non-invasive diagnos-
tic tools are needed in the health education and health care system.
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Singe leg balance (SLB) is a key neuro-biome-
chanical asset of several fundamental and ad-
vanced closed kinetic chain activities of lower
limbs. SLB is both neurologically and biome-
chanically challenging task to support the body
weight on a smaller base of support offered by
single foot, counteracting the effects of gravi-
tational force.
The ability to control balance is based on the
integration of sensory information from the
somatosensory, vestibular, and visual systems,

which work together with the nervous-muscular
system to control body alignment with respect
to the environment and to stabilize the body’s
centre of mass during perturbations, with sub-
sequent motor output [1]. Relying on a single
leg base of support requires the postural
control system to reorganize the total body
center of mass over a narrow base of support
[2]. But still, SLB is effortlessly blended in the
locomotor functions like walking, stair climbing
and running under the tutelage of innate facul-
ties like co-contraction of muscles and various
other coordinated posture-detecting and posture
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-controlling mechanisms of nervous system and
sensory organs. As the innate faculties get
deteriorated, though the age of onset of this
deterioration could be highly individual-specific,
various individuals especially older adults
experience difficulty in sustaining SLB even on
stable surface and this could have a devastat-
ing impact on the biomechanical parameters of
even basic functions like walking.
Increased postural sway and high fall rates in
children (incomplete maturation of neuromus-
cular system) and seniors (ageing-induced de-
clines of the neuromuscular system) seems to
be counteracted with higher Tibialis Anterior
(TA)/ Soleus (SO) co-activity and SO modulation,
but aging-induced decline of TA motor units
might account for deteriorations of TA modula-
tion in seniors [3]. It is also quite obvious that
people are seldom informed about the status of
their SLB when they were young or at least dur-
ing middle adulthood, therefore various mecha-
nisms linked to SLB could go dysfunctional al-
most irreversibly, increasing the risks of fall dur-
ing the ageing. Falls among the elderly are one
of the major causes of morbidity and mortality
worldwide and they constitute the second lead-
ing cause of unintentional deaths after road-traf-
fic accidents [4]. Females have a higher risk of
fall comparatively to males and the major con-
tributing factors for fall injuries are aging, vi-
sual impairment, previous history of fall, depres-
sion, and gait problem [5]. While challenges and
barriers exist, fall prevention strategies can be
incorporated into clinical practice [6].  Use of
multifactorial assessments and interventions
has led to a decrease in fall rates by 25% to
40% and risk of falling could be reduced by modi-
fying known risk factors [7]. From the perspec-
tives of healthy ageing and fall prevention strat-
egies, there is a compelling need to explore and
devise a safe and effective SLB assessment tool
to incorporate in multifactorial health evalua-
tions, disease rehabilitation programs and
gerontological education.
METHODOLOGY
Constructing a dynamic SLB assessment scale
based on the dynamic SLB exercises prescribed
for the individuals in the age group 15 – 55 years
old, who has been engaging in structured physi-
cal activity for purposes like weight loss, exer-

cise-based rehabilitation and overall health but
not for competitions. These SLB exercises has
been generally administered with eyes open on
stable platform to ensure safety whilst the chal-
lenges would be basically enhanced by altering
the alignment of trunk, unsupported leg (UL) and
the arms, in addition, by altering the alignment
of the support leg (SL) in some exercise varia-
tions. Table 1 and Figure 1 to 20 describe the
twenty SLB exercises that were opted and used
as assessment techniques to build this non-in-
vasive dynamic SLB assessment scale.
In order to convert these exercise variations in
to an assessment scale, the easily observable
postural strategies displayed by the individuals
can be used in rating the SLB control for each
assessment technique. Figure 21 shows such
postural strategies like (i) Quickly lowering the
UL and dismantling the SLB posture (ii) Medi-
ally or laterally displacing the foot of the SL (iii)
Hopping on the SL in any unexpected direction
to a different location (not shown in Figure 21).
However, in the perfect dynamic SLB
manoeuvres, effective stabilization of the SL
without any of these postural strategies is evi-
dent.

Fig. 1: Forward lunge to SLB.

Fig. 2: Backward lunge to SLB.
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Table 1: Dynamic SLB exercise variations. [Links for brief videos of these techniques - https://www.youtube.com/
watch?v=CGjj9vcjDKU ]

TECHNIQUES DESCRIPTION

Forward lunge to SLB
Figure 1 - From SLB, bring one foot forward and lunge. From lunge, take the same foot backwardly 
off the ground to regain SLB.

Backward lunge to SLB
Figure 2 - From SLB, bring one foot backward and lunge. From lunge, take the same foot forwardly 
off the ground to regain SLB.

Sideward reach to SLB
Figure 3 - Til t the body towards right or left side. Take the foot (of the side of leaning) off the 
ground to SLB. 

Squat to SLB Figure 4 - Perform half-depth squat. From squat, lift any foot off the ground to SLB.

Sideward bending on SLB (Ipsilateral)
Figure 5 - From SLB, tilt the body to the support leg side. Knee of the support leg can be sl ightly 
flexed (to get eccentric control). Raise the tilted body and regain SLB. 

Side bend to SLB (Contralateral)
Figure 6 - From SLB, tilt the body opposite to the support leg side. The unsupported leg can be 
brought backward to the support leg. Knee of the support leg can be slightly flexed (to get 
eccentric control). Raise the ti lted body and regain SLB.

Bend and twist to SLB
Figure 7 - Forward bend and twist the trunk and raise the body directly to SLB. If the twist is 
towards left side, SLB should be on the right foot.

Heel  off on SLB
Figure 8 - Stand on single leg with the knee of the support leg sl ightly flexed. Extend the knee of 
the support leg (to give momentum) and raise the heel of the support leg off the ground and 
return to SLB. 

Forward leaning with arm and leg raise on SLB
Figure 9 - Stand on single leg. Lean forward accompanied by raising of the arm and leg of the 
opposite side and return to SLB.

On the spot hopping on SLB Figure 10 – Stand on single leg. Hop on the spot and regain SLB.

Forward hopping and progress on SLB Figure 11 – Stand on single leg. Hop forward and freeze on SLB.

Side to side hopping on SLB
Figure 12 – Stand on single leg. Hop to the left and freeze on SLB. Hop to the right and freeze on 
SLB. 

Stride forward to SLB Figure 14 - Take a stride forwardly. Take the hind leg forward off the ground to attain SLB.

Stride backward to SLB Figure 15 - Take a stride backwardly. Take the fore leg backward off the ground to attain SLB.

Stride sideward to SLB (Ipsilateral) Figure 16 - Take a stride sideward. Attain SLB on the leg that has moved sideward. 

Stride sideward to SLB (Contralateral)
Figure 17 - Take a stride sideward crossing opposite leg from front. Attain SLB on the leg that has 
crossed and moved sideward.

Step up knee l ift to SLB
Figure 18 - From the ground, take a forward step to the stepper (20 cm high). Swing the hind leg 
forwardly and attain SLB on the leg placed on the stepper.

Step down and reverse step up to SLB
Figure 19 - From the stepper (20 cm high), take a forward step to the ground. Swing the fore leg 
backwardly and attain SLB on the leg placed on the stepper.

Sideward bending and side step up to SLB
Figure 20 - Place a foot on the stepper (20 cm high). Bend sideward towards the ground. Raise the 
body to upright posture accompanied by sideward step up and attain SLB on the leg placed on 
the stepper. 

Zig zag forward hopping and progress on SLB
Figure 13 – Stand on single leg. Hop diagonal ly forward to left and right and progress 
accompanied by SLB freeze after every hop.

Fig. 3: Sideward reach to SLB.

Fig. 4: Squat to SLB.

Fig. 5: Sideward bending on SLB (Ipsilateral).

Fig. 6: Sideward bending on SLB (Contralateral).
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Fig. 7: Bend and twist to SLB.

Fig. 8: Heel off on SLB.

Fig. 9: Forward leaning with arm and leg raise on SLB.

Fig. 10: On the spot hopping on SLB

Fig. 11: Forward hopping and progress on SLB

Fig. 12: Side to side hopping on SLB.

Fig. 13: Zig zag forward hopping and progress on SLB.

Fig. 14: Stride forward to SLB.

Fig. 15: Stride backward to SLB.

Fig. 16: Stride sideward to SLB (Ipsilateral).

Fig. 17: Stride sideward to SLB (Contralateral).
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Fig. 18: Step up knee lift to SLB.

Fig. 19: Step down and reverse step up to SLB.

Fig. 20: Sideward bending and side step up to SLB.

Fig. 21: Perfect SLB freeze and incorrect postural strate-
gies of Support Leg (SL) and Unsupported Leg (UL).

Table 2: Dynamic SLB rating system.

0
Unable to control SLB even for a second despite applying strategies l ike (i) Quickly lowering the UL (ii) 
Medially or laterally deviating the foot of the SL (ii i) Hopping on the SL in any unexpected direction to a 
different location.

1 Requires multiple lowering of UL and/or multiple hops or deviations of foot of SL to attain SLB freeze.

2 Requires occasional lowering of UL and/or multiple hops or deviations of foot of SL to attain SLB freeze.

3 Requires multiple hops and/or deviations of foot of SL to attain SLB freeze.

4 Requires occasional hops and/or deviations of foot of SL to attain SLB freeze.

5 Perfect SLB freeze without displacing the foot of the SL from its original location. 

Table 3: Dynamic SLB rating form.

RIGHT LEG LEFT LEG

Forward lunge to SLB

Backward lunge to SLB

Sideward reach to SLB

Squat to SLB

Sideward bending on SLB (Ipsilateral)

Sideward bending on SLB (Contralateral)

Bend and twist to SLB

Heel off on SLB

Forward leaning with arm and leg raise on SLB

On the spot hopping on SLB

Forward hopping and progress on SLB

Side to side hopping on SLB

Zig zag forward hopping and progress on SLB

Stride forward to SLB

Stride backward to SLB

Stride sideward to SLB (Ipsilateral)

Stride sideward to SLB (Contralateral)

Step up knee lift to SLB

Step down and reverse step up to SLB

Sideward bending and side step up to SLB

TOTAL

TECHNIQUES
GRADING

FINAL IMPRESSION:

Table 2 shows the scoring system for SLB to be
applied for all the twenty assessment tech-
niques, separately for each leg. The perfect SLB
for each technique should receive the maximum
score if the individual regains the voluntarily
altered alignments to the SLB posture without
displacing the foot of the support leg (SL) from
its original location and able to sustain the SLB
for at least one second (SLB freeze) in every
successful attempt.
About three to five chances for each technique
can be allocated to assess the dynamic SLB of
each leg.  Table 3 shows the dynamic SLB rating
form. The balancing exercises used in this
dynamic SLB scale were applied on stable plat-
form with or without shoes on, without using
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RESULT

any balance training devices or unstable plat-
form. Additional features of these SLB assess-
ment techniques were keeping the eyes open,
foot of unsupported leg not fixed on to other leg
(but hip flexed up to 90°, knee flexed up to 90°,
ankle dorsiflexed during SLB freeze) and hands
not locked on to the hips (but the arms abducted,
elbows flexed, hands at the level of the shoul-
der during SLB freeze). This is to ensure safety
and freedom to take visual cues and protective/
equilibrium reactions from the upper limbs and
the unsupported leg also. The speed of move-
ment and oscillations of the trunk or arms or
unsupported leg does not matter in the pursuit
of getting score ‘5’ without displaying the char-
acteristics of scores ‘0 to 4’ but only the preci-
sion of applying suitable brakes to attain SLB
freeze (delicate timing of concentric, eccentric
and isometric contraction, especially of the
muscles of the support leg). The support leg also
can be given freedom to undergo minute move-
ments at its hip, knee and ankle and also, the
foot of the support leg can be given freedom to
tilt in any direction (eversion, inversion, plantar
flexion, dorsiflexion) associated with curling of
toes, all at its original location itself. The only
major stipulation is not to displace the foot of
the support leg from its original location in all
the exercises used in the assessment in order
to obtain the maximum score.

As a preliminary testing, when this assessment
scale was built and applied on readily available
individuals in the age group of 35 to 50 years
old, nine men (Mean body weight = 79 Kg, Mean
fat percentage = 32) and five women (Mean body
weight = 65 Kg, Mean fat percentage = 36), who
have been exercising two to three days per week
under the supervision of exercise professional,
they displayed excellent SLB freeze and obtained
maximum score of ‘5’ in almost all the techniques
for both the legs. Though these individuals
struggled in some techniques at first instance,
but in 3 to 5 attempts, they could gain full preci-
sion of SLB freeze. As a matter of fact, among
nine men, two of them had undergone knee sur-
gery for anterior cruciate ligament repair, one
of them was under medications for Myocardial
Infarction, two of them were under medications
for borderline hypertension and, among five

DISCUSSION

women, one of them had undergone partial hys-
terectomy and, one of them displayed painful
crepitations in right knee. The entire assessment
per individual could be completed in 30 to 45
minutes.

Sports and physical activities require periods of
time where an individual must rely on a single
leg base of support, therefore, the use of single
leg tests to measure postural stability in a clini-
cal or research sports medicine settings is both
logical and warranted [8]. Balance exercises aim
at restoring neuromuscular activation and me-
chanical stiffness of involved tendons that al-
low for active joint stability and are usually per-
formed in single-leg stance on training devices
with different stability properties [9]. The bal-
ancing exercises used in this dynamic SLB as-
sessment scale also anticipate similar outcomes
with only exception of doing all of them on stable
platform with or without shoes on, without us-
ing any balance training devices or unstable
platform. When voluntary movements are im-
posed along with SLB postures, the balance
tasks become furthermore challenging and also
become suitable enough for assessing the func-
tions and dysfunctions of the body. This dynamic
SLB assessment scale can be investigated fur-
ther by other Physiotherapists for its reliability,
validity and correlations. Also, further detailed
researches using instrumentations like elec-
tromyography can be done based on this SLB
scale to study the muscle recruitment patterns
and correlate with any other clinical findings,
fitness parameters and efficiency of treatment/
exercise programs because the scope and ne-
cessity for such meticulous researches have
been tremendous. In fact, every muscle partici-
pating in SLB has the scope of getting specifi-
cally researched to obtain diverse insights, for
example, studying the role of hip musculature
in SLB as found in various literatures. Hip mus-
culature plays a major role in maintaining pos-
tural stability during single leg activities and
single leg activities are a key component of al-
most all functional movements. [10].
Individuals with diminished hip abductor muscle
strength demonstrated decreased medial-lateral
postural stability, and exhibited a shift toward
utilizing an ankle strategy to maintain balance

R. Vinodh Rajkumar. QUANTIFYING THE SINGLE LEG BALANCE USING MULTIPLE DYNAMIC POSTURES ON STABLE SURFACE.



Int J Physiother Res 2020;8(3):3462-70.     ISSN 2321-1822 3468

during unipedal tasks [11]. The strength of Glu-
teus Medius is important when the center of
mass changes direction unexpectedly, requiring
strength and stabilization during unilateral
stance [12]. Hip abductor strength may not be
the only contributing factor in controlling pelvic
stability [13].
It is highly likely to develop various asymptom-
atic biomechanical dysfunctions of unhealthy
ageing at an early age itself like inflexibility of
tissues, muscular strength deficits, difficulty in
controlling single leg balance, defective pos-
tures and functional impairments, all associated
with unfavorable changes in the body composi-
tion and progressively worsen to an irreversible
extent if appropriate interventions are not imple-
mented. Fear of Falling (FOF) and restricted func-
tional activities are not uncommon among the
older adults [14]. Unexpected sudden perturba-
tions challenge postural equilibrium and require
reactive compensation [15]. There was a sig-
nificant age dependent decrease in Unipedal
Stance Time during both eyes open and eyes
closed [16]. Adapting to various situations in
exercise could make a margin to control a sud-
den unknown perturbation for elderly people [17].
Adaptations to SLB exercises could aid in maxi-
mizing fitness for healthy ageing by strength-
ening equilibrium reactions and inculcating con-
fidence to efficiently move against gravitational
force, perform the Activities of Daily Living (ADL)
and tackle the risky perturbations in various situ-
ations at any age, especially during the ageing
process.
Static single balance test alone may not suffice
especially in the health education for healthy
ageing and diagnosis/prognosis of various
health disorders, hence the exercises used in
this dynamic SLB scale could give detailed in-
formation about the balancing potential of all
the individuals. Simple ‘balance measures’ can-
not identify specific constraints on the sen-
sorimotor processes underlying postural
dyscontrol to customise balance rehabilitation
for those constraints, thus, comprehensive
evaluation by a clinician skilled at systemati-
cally evaluating the impairments and strategies
underlying functional performance in postural
stability is necessary for optimal balance reha-
bilitation and fall prevention [18].

There is always an inevitable relationship be-
tween diminishing physical capacity (diminished
antigravity torque potential) and almost all the
diseases affecting human beings, hence both
the strategies for prevention and rehabilitation
of illnesses should revolve around the clinical
condition “Gravitational Torque Deficiency Syn-
drome” under the legitimate supervision of
Physiotherapists and Exercise professionals [19].
Being a simple and time-effective assessment
to understand the ageing trajectory, recovery
from disease, effectiveness of rehabilitation
programs and risk of falling, this dynamic SLB
scale can also be used as a self-diagnostic tool
after thoroughly learning the methods under the
supervision of the exercise professional. Patient-
driven self-assessment as a preventive measure
might be a solution to reduce the number of
patients undergoing a full clinical time-consum-
ing and resource-intensive fall risk assessment
[20]. Physiotherapists should engage in devel-
oping many non-invasive assessment tools and
grading systems to evaluate various key neuro-
biomechanical components of fitness and
healthy ageing. Physiotherapists are fortified to
conduct biomechanical analyses by visual ob-
servations and this distinct skill of Physiothera-
pists enables them to make accurate clinical
diagnosis with credible rationale in many occa-
sions without even the support of any special-
ized equipment [21]. Experts should continue
exploring feasible, non-invasive and inexpensive
diagnostic procedures [22]. Henceforth, the do-
main of exercise and nutrition have much
greater role to play conjointly in the endeavour
of refining health education paradigms with the
help of innovative assessments and prescrip-
tions apt for the epidemiological fluctuations.
Unidirectional epidemiological transitions can-
not be trusted anymore because at any time the
communicable and non-communicable diseases
meet and strongly interact perfectly at one point
as ‘Epidemiological Intersection’ [23].

CONCLUSION

SLB needs strong and coordinated work from
almost all the muscles of the lower limb to
ensure stability in all planes, therefore reten-
tion of this key neuro-biomechanical asset could
fortify healthy ageing pursuits. It is prudent to
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utilize this dynamic SLB assessment scale not
only to quantify SLB performance and possibly
detect the underlying causes for below-average
balance performance of any one lower extrem-
ity or both the lower extremities but also to
motivate the individuals by giving the highest
rating even if the individuals display precise SLB
only after multiple trials and errors. It is also
important to formulate such numerous simple,
inexpensive and non-invasive diagnostic tools
in the health education and health care system,
particularly to support the objectives of Geriat-
rics and Gerontology. Due to vast exercising
experience or as a result of effective exercise
prescriptions, it is highly possible for various
individuals to easily obtain the highest scores
in this dynamic SLB assessment, so in order to
challenge them further, scopes are always avail-
able for innovation of further levels of dynamic
SLB tasks, for example, by adding external re-
sistance through devices like Dumbbell, Barbell,
Elastic Exercise tubes, all preferably should be
applied on the stable surface itself keeping
safety as the paramount rule.
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