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Introduction 

Flexibility is a physical parameter that enables 
optimal musculoskeletal function by allowing an 
adequate range of motion (ROM) in all joints1. 
Poor flexibility may not only influence an athlete’s 
performance2, but it is also associated with low back 
pain3 and patello femoral pain4. Increasing flexibility 
is a strategy referred not only by athletes, but also by 
health and exercise professionals, for musculoskeletal 
injury prevention5. In order to improve the success 
of the interventions designed to enhance flexibility, 
it is important to understand which factors may 
influence the subjects’ flexibility levels.

Few studies have analyzed the influence of 
lower limb dominance6,7 and physical activity 
(PA) levels8,9 on flexibility. Health professionals 
often use the contralateral limb as a reference for 
rehabilitation purposes, assuming that they are 
symmetric regarding to flexibility values. Studies 
have demonstrated controversial results about 

flexibility symmetry between lower limbs. For 
example, Rahnama et al.10 did not find differences 
in hip flexion ROM values between the dominant 
and the non-dominant leg in soccer players. On 
the other hand, Wang et al.7 found that flexibility 
assessed using the passive straight leg raise test 
(PSLR) was different between lower limbs, in 
runners. Additionally, it is known that lower 
limb dominance affects motor control during gait 
initiation11, which can be explained by differences 
in muscle activation favoring the dominant leg12. 
Lanshammar and Ribom13 also found a significant 
difference in muscle strength between lower limbs, 
in healthy women. Taking these investigations into 
consideration, it seems that lower limb dominance 
may influence some physical characteristics, such 
as the flexibility.

Concerning PA, it is known that higher PA 
levels are related to health benefits, especially in 
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a younger population, than low PA levels13. One 
study9 reported that healthy subjects (aged 21-43 
years) with moderate and high PA levels performed 
better regarding flexibility of the lower back and 
hamstrings, compared to the subjects with low PA 
levels. However, to the best of our knowledge, no 
study has analyzed how flexibility of the dominant 
and non-dominant leg may be influenced by PA 
levels in healthy young subjects.

Previous studies have already shown asymmetries 
between lower limbs’ muscle strength in soccer 

players14,15 and jumpers16. Consequently, it is possible 
that in subjects with high PA levels who practice 
regularly these activities, there are asymmetries in 
flexibility, which may be different from subjects 
with low PA levels. In this sense, we hypothesized 
that the dominant limb of the subjects with high 
PA levels may have higher flexibility values than the 
non-dominant limb of the subjects with low PA 
levels. Therefore, the purpose of this study was to 
investigate if flexibility is influenced by lower limb 
dominance and PA levels. 

Methods 

Study design

This investigation is a cross-sectional study, 
where lower limb flexibility (dependent variable) 
was measured using the goniometric value of 
the passive straight leg raise test, and compared 
between-subjects accordingly to their lower 
limb dominance and physical activity levels 
(independent variables).

Participants

Ninety-nine subjects (46 males and 53 females) 
agreed to participate in this study. The subjects’ physical 
characteristics are shown in TABLE 1. All subjects were 
university students. Subjects were excluded if they had 
any musculoskeletal injury of the lower limb or lower 
back in the past year, and a history of knee or hip 
surgery. Written informed consent was obtained from 
all subjects, according to the Declaration of Helsinki.

TABLE 1 − Subjects’ physical characteristics (n = 99).
Mean SD Minimum Maximum

Age (years) 23.6 3.5 19.0 39.0
Height (cm) 167.8 9.5 143.0 192.0
Weight (kg) 67.7 13.2 44.1 117.6
BMI (kg.m-2) 23.9 3.3 17.6 35.3

Procedures 

Anthropometric measurements 

Body weight was measured to the nearest 0.1 kg 
using an electronic scale (model ID 1500; Filizola, 
São Paulo, Brazil). Height was measured to the 
nearest 0.1 cm with a stadiometer. Body Mass 
Index (BMI) was calculated using the values for 
body weight and height. Lower limb dominance 
was determined by asking the subjects about their 
favorite foot when kicking a ball.

Short version of the International Physical Activity 
Questionnaire

Physical Activity was determined using the 
International Physical Activity Questionnaire-short 
form (IPAQ-SF). This questionnaire is adapted 
for several countries, and is widely used in PA 
assessment17. The short-form version of the IPAQ 
considers the daily performed activity, during the 
last seven days. The outcome is later converted into 
metabolic equivalent task minutes per week (METs 
min.wk-1), which can be categorized into three 

BMI - body mass 
index; SD – standard 
deviation. 
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PA categories: low, moderate, and high. Low PA 
represented subjects who did not meet the criteria 
for moderate- and vigorous-intensity categories  
(< 599 METs min.wk_1). Moderate PA represented 
moderate- or vigorous-intensity activities achieving a 
minimum of at least 600 METs min.wk_1, whereas 
high PA represented achieving a minimum of at 
least 3,000 METs min.wk_1. The METs values were 
derived from an IPAQ-SF reliability and validity 
study18.

Flexibility measurements

Lower limb flexibility was estimated measuring 
hip flexion ROM during the PSLR test. Due to its 
passive nature, PSLR eliminates any muscle activity 
from the quadriceps or hip flexors that could bias the 
results19,20. This test is characterized by a passive hip 
flexion movement, with the knee in full extension, 
which is related to hamstrings extensibility21. Before 
data collection, subjects were familiarized with the 
flexibility assessment protocol. They were instructed 
to lay supine on an examination table, and to be 
relaxed, while the examiner moved his lower limb 
throughout the available hip flexion ROM. The 
movement was stopped when a firm resistance was 
felt or when pelvic rotation was observed. After a five 
minute resting period, data was collected. The same 
procedure described for familiarization was performed 
for data collection. When the movement stopped, the 
final ROM was recorded by an universal goniometer, 
composed by two plastic arms, each with 30 cm. This is 
an instrument often used to assess lower limbs’ range of 
motion22,23, with excellent reliability (r = 0.91 < 0.99)22. 
This instrument was placed over the greater trochanter, 
with one arm aligned along the thigh in direction to 
the lateral femur condyle and the other arm parallel 

to the table in direction to the mid-axillary line. Two 
measurements (taken to the smaller unit) were made 
for each lower limb, and without any prior warm-up. 
The average of the two flexibility measures was used 
for analysis, for each lower limb. All measurements 
were made by the same experienced investigator, who 
was blinded to the subjects’ limb dominance, and also 
its physical activity level. This PSLR evaluation has 
been used in other studies24,25 to estimate hamstrings 
flexibility, with Intraclass Correlation Coefficient (ICC) 
values ranging from 0.92 to 0.97. 

Statistical analysis

Descriptive statistics (mean values, standard 
deviation [SD], and 95% confidence interval 
[CI]) were used for variable characterization. 
G*Power 3 software26 was used to determine the 
minimal sample size necessary to detect statistically 
significant differences between the flexibility values 
along the IPAQ-SF categories. Using an alpha of 
0.05, and a power level of 0.80, an effect size of 
0.33 was calculated. According to these parameters, 
a total of 93 subjects was determined by the 
software as the minimum for this investigation’s 
sample. Reliability of the flexibility assessment was 
determined by calculating the ICC. To compare the 
flexibility values between the three PA levels and 
limb dominance, a mixed model was performed 
having PA levels (low, moderate, and high) and limb 
dominance (dominant and non-dominant) as fixed 
factors, and subjects as a random factor. Whenever 
a significant F-value was obtained, a post-hoc test 
with a Tukey´s adjustment was performed. Data 
were processed using SAS 9.2®software (Institute 
Inc., Cary, NC, USA). Statistical significance was 
set at p < 0.05.

Results 

The subjects’ physical characteristics are shown 
in TABLE 1. Among the 99 subjects evaluated, 
22% (n = 22) showed low PA levels (mean: 229.6, 
standard deviation [SD]: 195.2 METs), 51% (n = 51) 
showed moderate PA levels (mean: 1547.4, SD: 
600.4 METs), and 26% (n = 26) showed high PA 
levels (mean: 4675.8, SD: 1619.8 METs). 

The ICC determined for PSLR test was 0.96 for 
the dominant leg and 0.95 for the non-dominant leg. 
Regarding lower limb asymmetries, we found that  

64.7% (n = 64) of the subjects had high flexibility 
values in the dominant limb and only 35.3% (n = 35) 
of the subjects had high flexibility values in the non-
dominant limb. Additionally, 35.3% (n = 35) of the 
subjects had a flexibility asymmetry ratio between 
lower limbs higher than 10% (TABLE 2). 

There was not a significant limb dominance × PA  
levels interaction for the flexibility values (F [2, 97] = 0.36, 
 p = 0.699). There were significant main effects of  
PA levels (F [2, 97] = 5.02, p = 0.008) and limb 



44 • Rev Bras Educ Fís Esporte, (São Paulo) 2018 Jan-Mar;32(1):41-7

Neto T, et al.

dominance (F [2, 97] = 4.40, p = 0.039) for the 
flexibility values. The post hoc analysis revealed 
that the dominant limb of the subjects with high 
PA levels had higher hip flexion ROM (mean: 
73.1°, SD: 10.8°, CI: 68.7°- 7.5°) than the 
dominant (mean: 63.6°, SD: 9.7°, CI: 59.3°-
67.9°, p = 0.026) and non-dominant limb (mean: 
62.7°, SD: 11.8°, CI: 57.5°-68.0°, p = 0.011) 
of the subjects with low PA levels. In addition, 

the dominant limb of the subjects with high 
PA levels had higher hip flexion ROM (mean: 
73.1°, SD: 10.8°, CI: 68.7°-77.5°) than the non-
dominant limb of the subjects with moderate PA 
levels (mean: 66.0°, SD: 13.3°, CI: 65.1°-68.7°, 
p = 0.038). There were no differences between 
the flexibility values of the dominant and non-
dominant limb for the subjects with high PA 
levels (p = 0.46) (FIGURE 1).

TABLE 2 −  Lower limb flexibility asymmetries (favoring the dominant or non-dominat limb) distributed by 4 
intervals (<5%; 5-10%; 10-20%; >20%). Values represent number of subjects (n). 

Subjects with higher flexibility in the 
non-dominant limb

Subjects with higher flexibility in the 
dominant limb

Total

< 5% 12 23 35
5% – 10% 14 15 29
10% – 20% 5 22 27
> 20% 4 4 8
Total 35 64 99

FIGURE 1 −  Comparison between the hip flexion range of motion (ROM) values of the dominant and non-
dominant limb and the International Physical Activity Questionnaire–Short Form’s (IPAQ-SF’s) 
physical activity (PA) levels.

Discussion 

 The purpose of this study was to determine the 
influence of lower limb dominance and PA levels 
on flexibility in healthy subjects. The main findings 
were that the dominant limb of the subjects with 
high PA levels had higher flexibility values than the 
dominant and non-dominant limb of the subjects 
with low PA levels and the non-dominant limb of 

the subjects with moderate PA levels (FIGURE 1). 
Thus, we confirmed our hypothesis.

Few studies have analyzed the influence of 
lower limb dominance on flexibility. Wang et al.7 
reported a significant difference (p < 0.05) in the 
hip flexion ROM values between lower limbs, in 
a sample of 20 runners (aged 18-37 years). Other 

* Different from the 
dominant and  
non-dominant limb of 
the subjects with low 
PA levels of (p <0.05).
# Different from the 
non-dominant limb 
of the subjects with 
moderate PA levels  
(p <0.05).
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studies that analyzed this phenomenon did not 
report any influence of lower limb dominance on 
flexibility6,8,27. One possible explanation for our 
results could be that 73% of the subjects with high 
PA level, who took part in this study, reported 
regular participation in recreational soccer games. 
The nature of this sport can favor asymmetries 
to the lower limbs, especially with regard to 
muscle strength14,15. Therefore, it is possible 
that these muscle strength imbalances driven 
by the participation in asymmetrical activities 
may have an effect on the muscle-tendon unit 
stiffness, which is known to be directly related 
to muscle extensibility28. Considering that we 
studied healthy subjects, the underlying cause 
for this asymmetry is not well established, but it 
is probably related with the lengthening of the 
posterior thigh, and leg, soft tissues, mainly the 
hamstrings muscle-tendon unit extensibility, and 
the subjects’ tolerance to stretch27. In a clinical 
setting probably, this difference could not be 
detected, and therefore it would not be relevant 
for comparison between lower limbs, or between 
assessments. However, the emphasis on group 
data may mask some subjects who have large 
discrepancies in their flexibility values between 
lower limbs. In fact, if we look to the asymmetries 
distributions table, we notice that over one third 
of the sample shows a difference in flexibility 
between limbs greater than 10%. In the majority 
of the cases, this asymmetry percentage represents 
5° - 8° of hip flexion ROM difference, which is 
larger than the recently29 determined standard 
error of measurement for the PSLR (2.2°-2.6°), 
and is similar to the minimal detectable difference, 
also for the PSLR (6°-7°)29. This means that, even 
in a clinical setting, the 10% asymmetry reported 
in this study should be detected. This information 
may be particularly useful for health and exercise 
professionals, when working with individuals 
recovering from musculoskeletal injuries. There 
are some studies that refer a benchmark value, 
known as the leg symmetry index, used for muscle 
power and strength training in subjects recovering 
from anterior cruciate ligament injuries30,31. This 
index can vary as low as 80%30 or as high as 
95%31. To our knowledge, there are no studies 
that report a leg symmetry index for lower limb 

flexibility. Therefore, using the contralateral limb 
as a reference for rehabilitation, and revaluation 
processes, may not always be optimal, given that 
the presence of pre-injury asymmetries may be 
an assessment’s confounding element. However, 
further research is necessary to clarify the specific 
effects of lower limb dominance and asymmetrical 
activities on flexibility. 

Considering the influence of the PA levels on 
flexibility, our results are in agreement with other 
studies. It has recently been observed that healthy 
subjects (aged 21–43 years) with moderate (n = 159) 
and high (n = 176) PA levels reported in IPAQ-SF 
performed better regarding to the flexibility of the 
lower back and hamstrings, when compared to the 
subjects with low PA levels9. Similarly, Boyd and 
Villa (2012)8 assessed PA levels by the Modified 
Baecke questionnaire in a sample of 40 healthy 
subjects (mean age: 33 years), and showed a positive 
and significant correlation (r = 0.50-0.55, p < 0.05) 
between the PSLR values and the PA levels. Thus, 
our findings demonstrated that not only the lower 
limb dominance interfere on flexibility values but 
also the PA levels (FIGURE 1). 

The present study has some limitations that 
should be considered when interpreting our 
findings. It could be relevant to control which 
sports were practiced by the subjects who reported 
higher physical activity levels. As said earlier, there 
are some sport activities, such as soccer, jumping, 
or gymnastics, which may favor the use of a 
preferential limb, and therefore result in flexibility 
differences between the lower limbs. It would be 
interesting, in future studies, to analyze the eventual 
presence of flexibility asymmetries in different 
sports, and ultimately, to see if this is related to a 
higher injury risk. 

In conclusion, lower limb flexibility appears to 
be related to limb dominance, and self-reported 
PA level, and these factors should be taken into 
consideration by health professionals when planning 
a rehabilitation program designed to improve 
ROM, and therefore flexibility. Additionally, 
injury prevention protocols based on flexibility 
improvements, should also consider the lower 
limb dominance variable, specifically when targeted 
for athletes who participate in sports with an 
asymmetrical nature for the lower limbs.
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Resumo

Influência da dominância do membro inferior e do nível de atividade física na flexibilidade de 
indivíduos saudáveis

O objetivo deste estudo foi verificar a influência da dominância dos membros inferiores e dos níveis de 
atividade física (AF) na flexibilidade em sujeitos jovens e saudáveis. Noventa e nove estudantes universitários 
(46 homens e 53 mulheres) voluntariaram-se para este estudo transversal. A amplitude de movimento 
(ADM) de flexão do quadril durante o teste passivo de elevação da perna reta foi medida para estimar a 
flexibilidade dos membros inferiores. Os níveis de AF foram aferidos pela versão curta do Questionário 
Internacional de Atividade Física (IPAQ-SF). O membro dominante dos sujeitos com alto nível de AF 
apresentou maior valor de flexibilidade do que o membro dominante e não dominante dos sujeitos com 
baixo nível de AF (p = 0,026 e p = 0,011, respectivamente) e do que o membro não dominante dos sujeitos 
com moderado nível de AF (p = 0,038). Assim, este estudo demonstrou que a dominância do membro 
inferior e o nível de AF influenciam nos valores de flexibilidade. Maiores valores de flexibilidade foram 
observados na perna dominante dos sujeitos com alto nível de AF. Desta forma, esta informação pode ser 
relevante para o planejamento de protocolos de prevenção de lesões ou de reabilitação em indivíduos com 
níveis distintos de AF e assimetrias de flexibilidade nos membros inferiores.

Palavras-chave: Teste Passivo de Elevação da Perna Reta; Membro Inferior Dominante; Membro Inferior 
Não-dominante; IPAQ-SF.
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