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To clarify the significance of mechanical impairments, pain, and func-
tional limitations as predictors of chronic low back pain (LBP). Ninety 
patients with chronic nonspecific low back pain (CNSLBP) were pro-
spectively studied with clinical tests and questionnaires. Changes in 
muscle extensibility and endurance tests were evaluated and changes 
assessed in LBP intensity on numeric rating scale 0–10 and severity 
with Oswestry Disability Index (ODI) 0–100. In the present study we 
found significant associations between the 4 muscle extensibility and 2 

endurance tests and pain at nonspecific patients with chronic LBP 
(P< 0.005). The 2 muscle extensibility and 1 endurance tests were in 
complete equilibrium with ODI disability and hence showed similar re-
sults (P< 0.005). The associations between the muscle extensibility and 
endurance tests and pain were significantly elevated in patients with 
nonspecific chronic LBP. 
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INTRODUCTION

Chronic  nonspecific low back pain (CNSLBP) has been defined 
as a persistent pain in the lower back for at least three months 
with no known causes (Ferrari et al., 2015; Isgro et al., 2014; Lee 
and Kang, 2016). The CNSLBP prevalence is estimated of 90% 
among all types of the low back pain (LBP) (Maniadakis and Gray, 
2000; Page et al., 2002; Rubin, 2007). The LBP imposes high di-
rect and indirect costs on the patients and the society (Henschke 
et al., 2008; Hestbaek et al., 2003). Whereas a specific pathology 
has not been identified for CNSLBP, mechanical factors (e.g., 
changes in muscle length, strength, or endurance) may contribute 
to the pain and disability (Bae et al., 2017; Farahbakhsh et al., 
2018; Nourbakhsh and Arab, 2002; Pillastrini et al., 2015; Villa-

fañe et al., 2015; Villafañe et al., 2016; Yoon and Park, 2013).
Previous studies have attempted to measure the relationship 

between mechanical factors and LBP prevalence (Bayramoğlu et 
al., 2001). Authors reported that decreased endurance of back 
muscles and strength of pelvic muscles were closely correlated 
with the severity of LBP (Nourbakhsh and Arab, 2002). Despite 
the presence of various mechanical impairments in patients with 
CNSLBP, the relationship among mechanical impairments, pain 
and functional limitations in patients with CNSLBP has not been 
properly investigated (Negrini et al., 2013). This study sought to 
determine the relationship among muscular impairments, pain, 
and disability in patients with CNSLBP and to clarify the signifi-
cance of muscular impairments, pain, and disability as predictors 
of CNSLBP.
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MATERIALS AND METHODS

Study design
A cross-sectional study design was used. Informed consent was 

obtained from all patients, and procedures were conducted accord-
ing to the Declaration of Helsinki. The study protocol was ap-
proved by the Ethics Committee of Ahvaz Jundishapur University 
of Medical Sciences, Ahvaz, Iran (IR.AJUMS.REC.1391.476). 
The patients were asked to sign an informed consent form before 
participation. The study has been registered at Trial Registration 
Current Controlled Trials website (NCT02932163).

Subjects
Patients with chronic nonspecific LBP were recruited from five 

hospitals in Ahvaz, Iran. Following inclusion criteria were used: (a) 
LBP duration ≥6 months and (b) pain intensity ≥2 on the 0–10 
Numerical Rating Scale (NRS).

Exclusion criteria: Patients with other orthopedic or neurologi-
cal disorders (e.g., spinal osteoarthritis, spondylolisthesis, history 
of vertebral fractures) and the patient with the back surgery and 
leg pain were excluded (Pillastrini et al., 2013).

To calculate the minimum required sample size, a confidence 
level of 95%, the power of study 80% and the average prevalence 
rate of low back pain 80% was considered. This calculation gener-
ated a sample size of 85 individuals.

Outcome measures
The outcome measures adopted were the NRS, the Oswestry 

Disability Questionnaire in its Persian version (ODI-P), the mus-
cle extensibility, the Static Flex Endurance Test (SFET), and the 
Static Side Bridge Endurance Test (SSBET).

Numerical Rating Scale 
A 0–10 NRS was administered to evaluate pain intensity. The 

participants were asked to indicate their pain intensity from zero 
(no pain) to 10 (worst pain) (Parazza et al., 2014).

Oswestry Disability Questionnaire 
The Oswestry Disability Questionnaire is a widely used instru-

ment to measure disability in patients with LBP. It consists of ten 
sections with a total possible score ranging from 0 to 50 (Fairbank 
et al., 1980). Total percentage scores range between 0 and 100 and 
they are categorized as follow: 0%–20%=minimal disability; 21%– 
40%=moderate disability; 41%–60%=severe disability; 61%– 
80%=crippled; 81%–100%=bed bound (Fairbank et al., 1980) 

The validated ODI-P was used in this study (Mousavi et al., 2006). 

Muscle extensibility tests
A standard goniometer was utilized to measure the extensibility 

of rectus femoris, hip lateral rotators, tensor fasciae latae, and ham-
string muscles. Previous investigation has found intratester inter-
class correlation coefficients for all motions ranging from 0.87 to 
0.99, and the degree of inter-tester reliability for these measure-
ments appears to be range-of-motion specific (Riddle et al., 1987).

Rectus femoris muscle: The subject was in a supine position, knee 
flexed over the edge of the bed. The axis of the goniometer was 
placed over the lateral femoral epicondyle, the stationary arm was 
parallel to the long axis of the femur, and the movable arm was 
parallel to the long axis of the fibula. The end point of the active 
knee flexion was based on discomfort reported by patients. 

Hip lateral rotators muscles group (piriformis, gemellus superi-
or, obturator intenus, gemellus inferior, quadratus femoris, and 
obturator externus: The subject was in the prone position with 
one knee flexed at 90°, and the pelvis firmly stabilized through 
strapping. The axis of the goniometer was placed over the tibial 
tuberosity. While the stationary arm was kept in place perpendic-
ular to the floor, the movable arm parallel to the anterior aspect of 
the tibia was moved with the leg in a medial direction to the lim-
it of lateral rotation. The end position was recorded. 

Tensor fasciae latae muscle: The subject was in the supine position 
with the not-tested hip in flexion and the tested leg hanging off 
the bed. The axis of the goniometer was placed over the anterior 
superior iliac spine (ASIS) of the tested leg, the stationary arm 
along a line connecting both ASISs, and the movable arm was 
parallel to the axis of the femur. The tested leg was then adducted 
to the limit of range of motion and the end position was recorded. 

Hamstring muscles: The subject was in the supine position. The 
axis of the goniometer was placed over the greater trochanter, the 
stationary arm was parallel to the lateral trunk, and the movable 
arm was parallel to the axis of the femur. The patient’s hip was 
then passively flexed, always maintaining knee extension. The end 
position of hip flexion was recorded.

Endurance tests
Static Flex Endurance Test: The SFET was used to assess the en-

durance of trunk flexor muscles. The SFET was performed with 
patient in supine, crook lying position (Vanti et al., 2017). The 
subject was then asked to flex his/her trunk, touch his/her knees, 
and hold this position as long as possible (Fig. 1A).

Static Side Bridge Endurance Test: The endurance of lateral trunk 
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flexor muscles was assessed using the SSBET. The SSBET was per-
formed in side lying position on a plinth with resting on a pronat-
ed forearm with the elbow placed under shoulder level. The legs 
were together, knees bent to 90°, and hips flexed no more than 
20° (Vanti et al., 2017). The subject was then asked to support 
his/her weight only on the lower elbow and feet while lifting his/
her hips off the plinth. The test was stopped when hips returned 
to the mat (Fig. 1B).

Protocol
Demographic data including height, age, gender, and LBP du-

ration were recorded first. Patients were asked to indicate their 
pain intensity and LBP related disability using NRS and ODI, re-
spectively. The muscular extensibility was measured using a stan-
dard goniometer. Finally, the SFET and the SSBET were used to 
measure the muscle endurance of trunk flexors and trunk lateral 
flexors, respectively. A physiotherapist with 8 years of therapeutic 
experience performed all the measurements. The trial was de-

signed according to the STROBE publishing guidelines.

Statistical analysis 
Data were analyzed using IBM SPSS Statistics ver. 22.0 (IBM 

Co., Armonk, NY, USA). Descriptive statistics were provided for 
all subjects, as well as for ODI-I, NRS, muscle extensibility tests 
and endurance tests, respectively. A linear regression model was 
used to determine the relationship between the muscular impair-
ments, pain, and disability. A level of significance at 0.05 was 
used for the statistical analyses.

RESULTS

Clinical characteristics of the participants
A total of 90 consecutive subjects, 22.2% female (29.5±8.0 

years) with an ODI-I that on average included 21.2±4.9 and pain 
intensity 3.4±1.1 were included in the study (Table 1). No ad-
verse effects were detected during or after the measurements.

Pain intensity and related disability measurements of 
endurance and muscle extensibility 

The Pearson correlation analysis demonstrated that muscle ex-

Fig. 1. Static flex endurance test and static side bridge endurance test. (A) 
Static flex endurance test (SFET). The SFET was performed with patient in su-
pine, crook lying position. The subject was then asked to flex his/her trunk, 
touch his/her knees, and hold this position as long as possible. (B) Static side 
bridge endurance test (SSBET). The SSBET was performed in side lying posi-
tion on a plinth with resting on a pronated forearm with the elbow placed un-
der shoulder level. The legs were together, knees bent to 90°, and hips flexed 
no more than 20. Subject was then asked to support his/her weight only on 
the lower elbow and feet while lifting his/her hips off the plinth. The test was 
stopped when hips returned to the mat. Informed consent was obtained from 
the subject for the publication.

A

B

Table 1. Descriptive statistics and functional scores of the cohort (n= 90)

Parameter Mean± SD Range

Height (cm) 173.3± 8.35 150–186
Weight (cm) 77.4± 11.2 49–98
Age (yr) 29.5± 8.0 20–47
Female gender, n (%)      20 (22.2) -
Pain duration (mo) 7.6± 2.1 4–12
Pain intensity (0–10) 3.4± 1.1 2–6
ODI (0–100) 21.2± 4.9 12–34
RF.L (°) 42.4± 3.0 35–47
RF.R (°) 42.3± 3.7 24–46
HMS.L (°) 85.1± 8.2 60–95
HMS.R (°) 85.3± 7.8 61–95
LRs.L (°) 30.8± 5.0 19–40
LRs.R (°) 30.7± 4.7 20–40
TFL.L (°) 54.1± 8.4 35–66
TFL.R (°) 53.7± 8.0 36–66
SFET (sec) 21.3± 4.9 12–37
SSET.L (sec) 55.9± 9.9 35–80
SSET.R (sec) 57.2± 9.2 30–78

SD, standard deviation; ODI, Oswestry Disability Index; RF.L, rectus femoris left; 
RF.R, rectus femoris right; HMS.L, hamstring left; HMS.R, hamstring right; LRs.L, 
lateral rotators left; LRs.R, lateral rotators right; TFL.L, tensor fascialata left; TFL.R, 
tensor fascialata right; SFET, static flexion endurance test; SSET.L, static side bridge 
endurance test left; SSET.R, static side bridge endurance test right.
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tensibility parameter as hamstring left-right (HMS.L-R), lateral 
rotators left-right (LR.L-R) and tensor fascialata right (TFL.R) 
was significantly negative correlated with pain intensity (r=-0.69 
to -0.84, P<0.001). The pain intensity was negatively correlated 
with endurance tests parameter as static side bridge endurance test 
(SSET) (r=-0.56), SSET left (SSET.L) (r=-0.59) and SSET right 
(SSET.R) (r=-0.53) with P<0.001 (Table 2). ODI disability pa-
rameters were negatively correlated with the endurance parame-
ters (HMS.L, HMS.R, and LR.R) with P<0.04 and muscle exten-

sibility parameters (SSER.L and SSET.R) with P<0.007) (Table 2).

Endurance and muscle extensibility association analysis
Table 3 presents the factors associated with the pain in nonspe-

cific LBP patients. In multiple linear regression analysis, lateral 
rotators left (LRs.L), rectus femoris left (RF.L), TFL.R, STSF.TL, 
and SFET tests were associated with the pain (standardized coeffi-
cient β=-0.15 to -0.58, all P=0.001) in nonspecific LBP patients. 
In the model with ODI as a dependent variable, HMS.L, RF.L, and 

Table 2. The Pearson correlations between pain severity, disability, and muscular variables

Variable RF.L RF.R HMS.L HMS.R LRs.L LRs.R TFL.L TFL.R SFET SSET.L SSET.R

Pain intensity
   Pearson correlation -0.06 -0.04 -0.72** -0.69** -0.84** -0.78** -0.84** -0.83** -0.56** -0.59** -0.53**
   P-value 0.57 0.71 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Disability (ODI)
   Pearson correlation -0.23* -0.14 -0.25* -0.25* -0.20 -0.22* -0.13 -0.12 -0.05 -0.28** -0.28**
   P-value 0.03 0.20 0.018 0.020 0.058 0.040 0.232 0.275 0.616 0.007 0.008

RF.L, rectus femoris left; RF.R, rectus femoris right; HMS.L, hamstring left; HMS.R, hamstring right; LRs.L, lateral rotators left; LRs.R, lateral rotators right; TFL.L, tensor fasciala-
ta left; TFL.R, tensor fascialata right; SFET, static flexion endurance test; SSET.L, static side bridge endurance test left; SSET.R, static side bridge endurance test right; ODI, Os-
westry Disability Index.
*Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01 level (two-tailed). 

Table 3. Factors affecting pain severity using linear regression

Variable B SE Beta t P-value* 95% Confidence interval

Muscle extensibility tests
   Constant 12.567 0.590 - 21.142 < 0.001 11.385 to 13.749
   TFL.L 0.011 0.021 0.085 0.513 0.610 -0.032 to 0.054
   LRs.L -0.121 0.011 -0.559 -10.802 < 0.001 -0.144 to -0.099
   RF.L -0.043 0.011 -0.149 -3.879 < 0.001 -0.066 to -0.021
   TFL.R -0.076 0.021 -0.578 -3.704 < 0.001 -0.121 to -0.036
Endurance tests
   Constant 7.704 0.520 - 14.809 < 0.001 6.670 to 8.738
   SSET.L -0.046 0.010 -0.421 -4.758 < 0.001 -0.065 to -0.027
   SFET -0.082 0.019 -0.372 -4.201 < 0.001 -0.120 to -0.043

SE, standard error; RF.L, rectus femoris left; LRs.L, lateral rotators left; TFL.L, tensor fascialata left; TFL.R, tensor fascialata right; SFET, static flexion endurance test; SSET.L, 
static side bridge endurance test left.

Table 4. Factors affecting disability level using linear regression

Variable B SE Beta t P-value* 95% Confidence interval

Muscle extensibility tests
   Constant 50.175 8.781 - 5.714 < 0.001 32.723 to 67.627
   HMS.L -0.152 0.061 -0.252 -2.499 0.014 -20.273 to -0.031
   RF.L -0.380 0.166 -0.231 -2.290 0.024 -0.710 to -0.050
Endurance tests
   Constant 28.979 2.877 - 10.074 < 0.001 23.263 to 34.969
   STSF.TL -0.140 0.051 -0.282 -2.762 0.007 -0.241 to -0.039

SE, standard error; RF.L, rectus femoris left; HMS.L, hamstring left; SSET.L, static side bridge endurance test left.
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SSET.L tests were still associated with the disability (standardized 
coefficient β=-0.23 to -0.28, P=0.007 to 0.024) as well (Table 4).

DISCUSSION

In the present study we found significant associations between 
the LRsL, RF.L, TFL.R, SSET.L, and SFET tests and pain at non-
specific patients with chronic LBP. The HMS.L, RF.L, and SSET.L 
tests were in complete equilibrium with ODI disability and hence 
showed similar results. Relationship between severity of pain and 
disability appeared as significant, whereas no relationship emerged 
from amount of pain and disability. This is typical for a chronic 
condition, characterized by more significant disability than pain.

The extensibility of the tensor fasciae latae and lateral rotators 
had significant correlation with negative direction with pain se-
verity. As tensor fasciae latae attached to the ilium, reduction in 
its extensibility leads to anterior innominate rotation and lateral 
pelvic tilt. In fact, since muscles of the pelvic region work as a 
group, any muscular imbalance in this region has an impact on 
other muscles (Langella et al., 2017). This pattern of muscular 
imbalance results in lateral pelvic rotation and exerts pressure on 
the elements of the back, e.g., facet joints and soft tissue (Nour-
bakhsh and Arab, 2002). According to Nourbakhsh and Arab 
(2002) since a shortened tensor fasciae latae muscle causes lateral 
pelvic rotation and an altered lumbo-pelvic movement pattern. 

Our results in line with this statement “negative effect of pain 
on muscular activity and confirm that time-dependent changes in 
soft tissue because of creep and fatigue can lead to alteration in the 
sensorimotor function of muscles and disorder in the ability of a 
muscle to protect the soft tissue from injury” that mention in 
work of Pillastrini et al. (2016) and Vanti et al. (2016).

While some researchers consider functional impairment of one 
group of muscles in the lumbo-pelvic region to be key factor in 
the development of LBP, others like Langella et al. (2017) and 
Bissolotti et al. (2014) have introduced muscular imbalance in the 
lumbo-pelvic region as the most important factor contributing to 
nonspecific chronic LBP. They suggested specific and predictable 
patterns of impairment in the lumbo-pelvic region, i.e., particular 
muscular imbalance patterns in the pelvic girdle, to be responsi-
ble for chronic LBP. 

In the current study, reduced muscular extensibility was not 
significantly related with functional disability. Substantial reduc-
tions in muscular flexibility are not present in patients without 
severe functional disability (Kuukkanen and Mälkiä, 2000). Our 
finding is thus reasonable since our participants did not have high 

rates of extensibility reduction or disability. Kuukkanen and 
Mälkiä (2000) stated that improving muscle flexibility could not 
effectively treat LBP in patients without severe functional disabil-
ity. However, there was no correlation between ODI-P disability 
and the flexibility of muscles. Moreover, higher levels of pain will 
be associated with increased disability. Philips and Grant (1991) 
reported chronic LBP to exert the greatest effects on the worsen-
ing of disability.

Muscular endurance is recognized as a very important factor in 
patients with LBP. In fact, getting tired will prevent the patients 
from performing their daily activities using the involved muscles. 
Since trunk muscles are active in almost every activity (even in 
sitting or standing positions or while rolling over), they should be 
able to work without getting fatigued throughout the day. Mof-
froid (1997) highlighted muscle fatigue and pain as the dominant 
complaint of patients with LBP. Therefore, a lack of muscular en-
durance can play a major role in the development of movement 
disorders in patients with LBP. According to Hodges (2003), 
muscular function, especially in case of postural and deep muscles, 
is impaired in patients with chronic LBP. Such impairment and 
weakness of the postural muscles involved in the lateral flexion of 
the trunk (segments of internal oblique and quadratus lumborum) 
will in turn contribute to the progression of LBP in the patients. 
The results of the current study also revealed a moderate relation-
ship between pain severity and endurance of these muscles and 
did not find any significant correlation between endurance and 
disability level. The ODI-P includes several functional activities 
requiring constant contraction of these muscles (Fairbank et al., 
1980). Since increased severity of LBP is associated with more dis-
ability (Philips and Grant, 1991), the endurance of the mentioned 
muscles can also be effective on the ODI. Compared to deep mus-
cles, the functionality of flexor muscles of the trunk which are re-
sponsible for high-torque movements (a characteristic of global 
muscles according to Hodges), will be less impaired (Philips and 
Grant, 1991). They will hence be less inefficient in comparison to 
the local muscles (Moffroid, 1997).

Since these findings might have been caused by the partici-
pants’ low levels of disability or the absence of a categorization 
process, future studies are recommended to evaluate a wider range 
of musculoskeletal disorders and higher levels of pain and disabil-
ity in patients with LBP. In addition, more accurate results may 
be obtained by categorizing the patients based on magnetic reso-
nance imaging and new approaches to motion control. Designing 
treatment protocols and reevaluating the patients during the 
course of treatment can further refine the findings. Since the va-
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lidity of functional disability indices in patients with LBP (whose 
major complaints involve functional disability) has been previous-
ly confirmed, more attention must to be paid to the recognition, 
assessment, and treatment of movement disorders with mechani-
cal causes.

In our method for assessment of muscular extensibility, we have 
to consider some confounding variables such as joint mobility, ar-
thritis and joint dysfunctions, because this factor effective in the 
end range barrier. 

Based on our findings, duration of pain and lumbar disability 
are significantly related; muscular extensibility and endurance ap-
peared affected by the severity of pain.
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