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ABSTRACT

Objective: To propose a new equation for calculating the symmetry and asymmetry indexes of the range
of motion between members. Methods: Two different equations were proposed to assess symmetry and
asymmetry between body members, called Limb Symmetry Index and Limb Asymmetry Index. Thus, the
evaluation of 48 older women 60 to 79 years old was carried out, using a battery of tests for the range of
motion, in addition to tests for the evaluation of upper and lower limbs, and the Ankle Test on the Leg
Motion platform for ankle dorsiflexion. Data were analyzed using the equations proposed by the authors
of the present study. Results: The equations used were applicable and effective for analyzing the range of
motion symmetry and asymmetry between limbs in older women. Conclusion: The proposed equations
are applicable for determining the range of motion symmetry and asymmetry between limbs in older
women, using different functional tests. Therefore, this study provides subsidies to health professionals
for this type of assessment.
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RESUMO

Objetivo: Propor uma nova equagio para o calculo do indice de simetria e assimetria de amplitude de
movimento entre membros. Métodos: Foram propostas duas equacoes distintas para avaliagio de simetria
e assimetria entre membros, denominadas como Indice de Simetria entre Membros e indice de Assimetria
entre Membros. Sendo assim, foi realizada a avaliacio de 48 idosas com idade entre 60 e 79 anos, median-
te bateria de testes para amplitude de movimento. Foram utilizados testes funcionais para avaliacio em
membros superiores, membros inferiores, e o Ankle Test na plataforma Leg Motion para a dorsiflexao de
tornozelo. Os dados foram analisados através das equacdes propostas pelos autores do presente estudo.
Resultados: As equagdes utilizadas se apresentaram aplicaveis e eficientes para analise da simetria e as-
simetria da amplitude de movimento entre membros em idosas. Conclusdo: As equacdes propostas sao
aplicaveis para determinagao de valores de simetria e assimetria de amplitude de movimento entre mem-
bros em mulheres idosas utilizando diferentes testes funcionais. Além disso, tais equa¢des proporcionam
subsidios aos profissionais da satde para este tipo de avaliagio.
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Introduction

Limb asymmetry in the aging process has been related to higher chances of
falling [1], gait alterations [2,3], and consequently greater functional loss. Most of
the current studies evaluate this imbalance between body segments based on the dif-
ference of strength or power between limbs [1-4]; however, as well as strength, range
of motion (ROM) also needs to present bilateral symmetry to ensure a good functio-
nality of the older women. Losses in symmetry and reduction of ROM in aging are
related to postural changes that can lead to functional loss of the locomotor system
[5, 6]. Therefore, bilateral ROM is an important variable to be evaluated, facilitating
the integration of flexibility exercises in training protocols that aim to improve the
health of this population [7].

In this context, symmetry and asymmetry indexes have been proposed in the
literature, such as the asymmetry index (ASI) [2,8,9] and the limb symmetry index
(LSI) [10], which provide information on how much a limb is asymmetrical concer-
ning the other, either through numerical data or as a percentage. Some of these in-
dexes use the principle of directional dominance and employ within their calculation
the variable “dominant side of the body” [9,11], as applied in the following equation

ASI= 1-(Dominant side/Non-Dominant side)x100 [11].

Other indices start from the concept of asymmetry without direction, whi-
ch does not use the dominance principle. These indexes assume that asymmetry is
defined as the ratio of the difference in a given ability between the more developed
and less developed sides, presenting an aspect closer to the individual’s functionality
[2,11].

When dealing with variables calculated through equations, it is necessary
to understand that the potential of this variable is attributed to the evaluation ins-
trument used, not to the calculation procedure, and the equation is a tool that can
be used for different tests without influencing the final potential of the variable.
However, when we deal with the analysis of asymmetry between the limbs, we fou-
nd a range of studies that analyze the levels of strength or muscle power in various
tests [12] and a scarcity of studies that enable the comparative analysis of ROM. This
occurs because, in the context of ROM, the result of several tests can present negati-
ve, positive, or null scores [13,14]. These asymmetry indexes developed for strength
analysis do not discriminate between positive and negative values in their equation
and thus do not contemplate tests that have negative or null scores as possibilities.

By not discriminating between positive and negative values, a test that can
be 10 cm negative, denoting a low ROM, can be interpreted in the equation as 10 cm
positive, representing a high ROM, adding a difference of 20 cm in the total value. In
addition, equations sometimes involve division processes between the values found,
and by putting null values in the denominator, the equation will not be able to trans-
late the information into numerical values. Examples of tests that are not contem-
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plated by the equations involve the upper and lower limb ROM functional tests of
the Senior Fitness Test battery [14] and the ankle dorsiflexion test in a closed kinetic
chain called the Ankle Test [13].

Thus, although bilateral symmetry of mobility is considered an important
factor for older women’s functionality, to our knowledge, there are no equations
that support its evaluation. Thus, the current scientific literature lacks indexes that
can analyze the symmetry of the ROM in a simple, applicable, easy to handle and
understand way, and with equations that contemplate negative and null values. The
primary objective of this study was to propose a new equation to calculate the index
of symmetry and asymmetry of ROM between limbs.

Methods

This is an observational and cross-sectional study with information collected
individually, with each participant being evaluated in different functional tests at a
single time, which objective was the analysis of the range of motion symmetry using
four different equations, two of which were original proposals by the authors of the
present study, and two others already used in the scientific literature (Figure 1).

Figure 1 - Study flowchart
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Sample

The study sample was drawn in a non-probabilistic way and by convenience.
To this end, we used social media, advertisements in sound cars, and pamphlets. The
inclusion criteria adopted, besides the expression of interest in participating in the
study (by signing the consent form), were the individuals be female and between 60
and 79 years old. The exclusion criteria were: having an osteoarticular disorder that
would make it impossible to perform the functional tests, as assessed by anamnesis;
presenting cognitive ability attested by a score of less than 13 on the Mini Mental
State Examination; and finally, complaining of pain during the tests or being unable
to perform any of the tests necessary to complete the study.

Thus, 48 volunteers were selected to participate in the study, being first sub-
mitted to an interview to collect demographic variables, lifestyle habits, and varia-
bles related to health status. All participants were appropriately informed about the
study’s objectives and the procedures to which they would be submitted and then
signed the Informed Consent Form.

Data collection procedure

Anthropometric measurements

Body mass was determined using a calibrated anthropometric scale (Filizola,
Sdo Paulo, Brazil), with a maximum capacity of 150 kg. Height was determined using
a stadiometer (Sanny®, ES2030, Sdo Paulo, Brazil).

Functional characterization

For functional evaluation, the participants were submitted to three different
tests of the Senior Fitness Test battery, which were: the 8-Foot-Up-And-Go, to evalua-
te agility and dynamic balance; the 30-Seconds Chair Stand to estimate the stren-
gth endurance of lower limbs; the 30-Seconds Arm Curl, in both arms, to estimate
the strength endurance of upper limbs; and the Six-Minute Walk test to estimate
cardiorespiratory capacity [15]. The tests performed were previously correlated with
other protocols already validated in the literature to assess the level of strength and
cardiorespiratory capacity, showing correlation values between 0.71 and 0.78, thus
meeting the criteria of validity and reliability of the use of this battery of tests, besi-
des the easy applicability in community settings, as is the case of this study [15]. The
results of the tests were expressed as mean and standard deviation to characterize the
sample’s functional level, and for the 30-seconds arm curl, an average was obtained
between the values of the two arms.

Ankle dorsiflexion

We used the Ankle Test on the Leg Motion® platform, which consists of a
closed kinetic chain evaluation, more similar to daily life activities. The Leg Motion
platform has two parts, one that supports the individual’s feet and another with a
measuring rod with a scale in centimeters. During the evaluation, the individual re-
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mained in bipedal support, with one foot on the platform and the other foot behind
it. The subject was asked to perform maximum ankle dorsiflexion to bring the knee to
the measuring rod, which was adjusted according to the lower border of the patella’s
height. The test was done with both limbs, with two attempts for familiarization and
one for data analysis. The attempt was considered invalid if the subject removed the
heel from the ground [13].

Range of motion of the upper limbs

To evaluate the range of motion of the upper limbs was used the Back Scratch
test. The procedure asks the patient to stand up and perform a movement of pla-
cing her hand on her back, performing shoulder abduction, elbow flexion, forearm
pronation, and keeping the fingers extended, trying to reach the greatest possible
amplitude, going towards the hips. The other hand is also positioned on the back,
but performing shoulder adduction, elbow flexion, forearm supination, and fingers
extension, trying to reach the greatest possible amplitude, going towards the head.
Assumed this position, the goal of the test was to bring the hands as close as possi-
ble, and the side to be evaluated is the shoulder that performs abduction. After the
evaluator’s demonstration, the participant made two attempts with both sides, and
the best score in each action was chosen as the result. The distance between the mid-
dle fingers was measured in centimeters. In this test, the final score can be presented
as positive values, when one limb exceeds the other; negative values, when one limb
does not reach the other; or null, when the result is the meeting point between the
two limbs [15].

Range of motion of the lower limbs

To assess the range of motion of the lower limbs, we used the Chair Sit-And-
-Reach test, which is performed as follows: initially, the patient sits on the edge of a
chair, with the limb to be evaluated with knee extension and ankle in the neutral po-
sition, and then to slowly lower the trunk with the upper limbs in elbow extension,
hands overlapped and shoulders directed perpendicular to the hallux. Meanwhile,
the contralateral leg remained with the knee flexed at 90 degrees. For this test’s sco-
ring, the tip of the hallux corresponded to the zero point; if this point was not rea-
ched, the result was negative (missing distance to the hallux), and if it was exceeded,
the result was positive (distance reached after the hallux). The test was done for both
lower limbs, and attempts were considered invalid if the subject flexed the knee of
the assessed limb. Two attempts were performed, and the best score was chosen for
further analysis [15].

Proposed indexes

To evaluate the symmetrical relations between the limbs, two indexes propo-
sed by the authors were used, with the purpose that their equations can contemplate
all possible values to be provided by the tests, being these negative, positive, or null.
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The first index was the Limb Symmetry Index (LSI), which uses the modulus of the
difference between the right limb and the left limb and divides it by a reference value
established as:

LSI= (1-|Right Side - Left Side|/100)x100.

The second index used was the Limb Asymmetry Index (LAI), which follows
the same reasoning as the LSM, but offers the value of asymmetry:

LAI= (JRight Side - Left Side|/100)x100.

Statistical analysis

The data were expressed according to their mean and standard deviation, and
for comparison between members were used the two different equations of LSM and
LAI, previously presented. For both indexes, we calculated the Coefficient of Varia-
tion CV= (Standard Deviation/Mean)x100 and the Minimum Detectable Difference
MDD-= Standard Deviation x0,2.

In addition, was made an example formulation for better understanding
when we used the LSM and LAI equations proposed by the authors of this study and
two other distinct equations already used in the literature [9,16]. the third equation
refers to an asymmetry index that considers the strong side and the weak side [9],
which for didactic purposes we will call here ASI1:

ASI=1-(Strong Side/Weak Side)x100

The fourth equation, on the other hand, is another asymmetry index that
considers the dominant side and the non-dominant side [16], this one we will call
ASI2:

ASI= 1-(Dominant Side/Non Dominant Side)
Results

Table I shows the sample characterization with data regarding age, anthropo-
metric tests, and physical capacity. Based on the normative scores for older Brazilian
women between 60 and 69 years old, the data of upper limbs strength, lower limbs
strength, and cardiorespiratory capacity are above the average, while the scores re-
ferring to dynamic balance and agility are below the average [17]. Considering the
average age of the group and according to the normative scores of physical fitness for
older Brazilian women between 60 and 64 years old, we can notice that the average
scores for agility and dynamic balance are close to the 70 percentile, for the lower
limbs strength, close to the 60 percentile, for the upper limbs strength, close to the 55
percentile, and for functional resistance, close to the 65 percentile [17].
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Table I - Anthropometric and morphofunctional characteristics of the sam-
ple. Information presented as mean + standard deviation

Age (years) 64.9 4.9
Body mass (kg) 65.2 +13.3
Height (cm) 152.5 + 6.3
BMI (kg/m?) 28.08 + 5.40
8-Foot-Up-And-Go (sec) 4.99 +0.58
30-Seconds Chair Stand (rep) 15.9 £ 2.9
30-Seconds Arm Curl (rep) 19.4 + 3.7
Six-Minute Walk (sec) 546.86 + 52.68
Ankle Test (cm) 11.31 +2.28
Chair Sit-And-Reach (cm) 3.11 £ 8.19
Back Scratch (cm) -4.00 + 6.94

BMI = Body Mass Index

Tables Il and I11 show the symmetry and asymmetry values, using the LSM and
LAI equations. Table II shows the values according to the symmetry index between
members developed by the authors, and Table III shows the values obtained accor-
ding to the asymmetry index between members.

Table II - Symmetry values according to the Limb Symmetry Index (LSM)
Variables Mean SD cv MDD

Ankle Test 98.82 1.08 1.09 0.21
Chair Sit-And-Reach (cm) 97.19 2.67 2.75 0.53
Back Scratch (cm) 94.52 3.74 3.96 0.74

Mean Values expressed in percentage; SD = Standard Deviation; CV = Coefficient of Va-
riation; MDD = Minimum Detectable Difference

Table III - Symmetry values according to the Limb Symmetry Index (LSM)

Variables Mean SD Ccv MDD
Ankle Test 1.18 1.08 91.68 0.21
Chair Sit-And-Reach (cm) 2.81 2.67 95.04 0.53
Back Scratch (cm) 5.48 3.74 68.27 0.74

Mean Values expressed in percentage; SD = Standard Deviation; CV = Coefficient of
Variation, MDD - Minimum Detectable Difference

Finally, in Table IV, we present the evaluation of ten imaginary individuals
for didactic example, using the Back Scratch test with the same dominant limb for
all participants and their respective symmetry and asymmetry calculations using the
equations of LSI, LAI, ASI1, and ASI2.
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Table IV - Values by the calculation of symmetry and asymmetry with different equations

Right (cm) Left (cm) LSM LAI ASI1 ASI2

Person 1 5 -5 90 10 200 2
Person 2 -5 5 90 10 200 2
Person 3 10 0 90 10 100 1
Person 4 0 10 90 10 100 ERROR
Person 5 10 20 90 10 -100 -1
Person 6 20 10 90 10 50 0,5
Person 7 -10 -20 90 10 -100 -1
Person 8 -20 -10 920 10 -100 0,5
Person 9 0 -10 90 10 ERROR ERROR
Person 10 -10 0 90 10 ERROR 1

LSI: Limb Symmetry Index; LAIL: Limb Asymmetry Index; ASI1: Asymmetry index that considers strong
side and weak side; ASI2: Asymmetry index that considers dominant and non-dominant side

Discussion

The main findings of this study infer that the proposed equation has good
applicability for range of motion tests that use measurements expressed in positive,
negative, and null scores, aiming at determining the indexes of symmetry or asym-
metry between limbs.

Thus, when we compare the equation presented to indexes already used in the
literature for strength evaluation, we can notice certain particularities that attest to
its advantages over the others. To demonstrate the deficits found in the other equa-
tions, we used the example shown in Table IV, which represents a situation close to
reality, in which a test used in a certain population can present positive, negative, or
null scores.

In this example, all individuals have a similar degree of symmetry and asym-
metry between limbs, and all have right limb dominance. In all individuals, the asym-
metry is 10 cm between the limbs. However, we can notice that the equations pro-
posed by the authors keep the same result, while the other equations do not present
accuracy to identify the result for all individuals.

In turn, the two asymmetry equations proposed in the literature, ASI1 and
ASI2 [9, 16], cannot analyze null values, not being applicable in conditions that pre-
sent 0 as a possible score, besides not recognizing negative values according to the or-
der in which they are presented in the equation. The second also requires the need for
knowledge of member dominance for its applicability, this becomes one more factor
to be recorded during the research, besides not expressing the concept of asymmetry
without direction [2].

Among the advantages of the proposed equations is the fact that they do not
involve the principle of dominance, since the dominant side can be determined in
different subjective ways, as in the case of lower limbs that can be determined by the
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leg used to recover balance after a disturbance [11] or the self-determined foot to
climb a staircase [18]. For this, the ability level of each limb in the test is considered,
ensuring that in the subtraction of right and left, the value is always absolute. This
measure has a more functional character over symmetry, as it works with the physio-
logical deficit between the limbs [2].

It is important to emphasize that the sample assessed presented scores for
physical capacity tests similar to the normative scores established for this population
in Brazil and United States [19]. Thus, the equations proposed here are based on usual
data, easily found in the daily routine of the professional who works with movement.

The present study results must be interpreted with caution since we can point
out some limitations, such as the absence of sample size calculation for the study
and the impossibility of the proposed equations to define which limb reached higher
scores when compared to the other.

The present investigation provides subsidies to health professionals to evalua-
te the symmetry of range of motion between limbs in a simple, applicable, easy to
handle, and understandable manner, considering tests that have the possibility of
positive, negative, and null scores.

Conclusion

Finally, the Limb Symmetry Index (LSM) and the Limb Asymmetry Index (LAI),
both proposed by the present study authors, are applicable and efficient for determi-
ning the values of symmetry and asymmetry of range of motion between limbs, using
different functional tests. As future perspectives, it is recommended to test them in
different populations, such as in older men.
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