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Abstract

Background Patients with chronic low back pain may present changes in hip muscles. However, there is still limited
and controversial evidence of the association between hip muscle weakness and chronic low back pain and whether
this weakness can be assessed with functional tests. The purpose of this study was to assess whether there is hip
muscle weakness in patients with non-specific chronic low back pain and whether there is an association between
the positive Trendelenburg and Step-Down tests and hip muscle strength.

Methods This cross-sectional study included 40 patients with chronic low back pain and 40 healthy participants,
assessed in an outpatient clinic in Vitéria, Espirito Santo, Brazil. Muscle strength was measured for the hip abductors,
adductors, extensors, internal rotators, and external rotators using isometric manual dynamometry and functional
stability was measured by the Trendelenburg and Step-Down tests. Muscle strength was compared using the t test for
independent samples and the chi-square test. The association between the tests and strength was performed using a
binary logistic regression analysis.

Results Healthy participants showed a statistically significant greater muscle strength for the right hip abductors
(mean difference [MD]: 28.1%, 95% confidence interval [Cl]: 9.4 to 46.9), right adductors (MD: 18.7%, 95% Cl: 6.2

to 31.2), right internal rotators (MD: 8.7%, 95% Cl: 1.5 to 15.8), right extensors (MD: 21.1%, 95% Cl: 6.2 to 31.2), left
abductors (MD: 30.4%, 95% Cl: 11.9 to 49), left adductors (MD: 18.4%, 95% Cl: 3.7 to 33.2), and left extensors (MD:
21.6%, 95% Cl: 6.6 to 36.5). There was no difference between groups for the positive functional tests, and there was no
association between the tests and hip muscle strength.

Conclusion Patients with chronic low back pain tend to have hip abductors, adductors, and extensors weakness.
Furthermore, the functional tests should not be associated to hip muscle strength in patients with chronic low back
pain.
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Background

Low back pain is defined as pain located between the
region below the last ribs and the gluteal margin, with
or without radiation to the lower limbs [1, 2]. In 2015,
low back pain was the main cause of years lived with dis-
ability in developed and developing countries, reaching
540 million people worldwide [3]. Chronic low back pain
(CLBP) is present when symptoms persist for more than
12 weeks [2].

Muscle changes in patients with CLBP extend beyond
the trunk muscles, as reported by studies that investi-
gated hip muscle strength in patients with CLBP [4-10].
Four studies found hip muscle weakness in patients with
CLBP [4, 6, 7, 10], while two found no weakness in these
muscles [5, 9]. In addition to these contrasting results,
studies used different approaches when assessing muscle
strength. In some studies, the time of contraction during
the strength test was not presented [4, 7], while in others
there was no application of inelastic resistance for stabili-
zation during data collection [4, 6, 10, 11]. Furthermore,
participants’ positions varied during muscle strength
data collection while using a manual dynamometer [11-
13]. Finally, the majority of the studies did not evaluate
hip muscles other than the abductors [4, 6, 7, 10] and did
not perform functional tests in their assessments other
than the Trendelenburg test [4, 6, 7].

Exercises are the first-line treatment for patients
with non-specific CLBP, including segmental stabiliza-
tion exercises [1, 14]. Understanding which muscles are
weaker in these patients can better guide exercise-based
treatment. However, dynamic hip stability is not exclu-
sively achieved by hip abductor muscles [15]. The syn-
ergism between hip abductors, extensors, and external
rotators and their relationship with antagonists are con-
ditions for hip stability [15, 16]. In addition, the gluteus
maximus muscle is one of the main synergists for lum-
bar extension [17], which shows the importance of a
complete assessment of hip muscles and not just of the
abductors when considering the assessment of lumbopel-
vic stability in patients with CLBP.

Furthermore, there is a need to investigate whether this
strength is associated with positive functional tests that
are easy to perform in the clinical environment, such as
the Trendelenburg and Step-Down tests. If there is an
association between these tests and muscle strength in
patients with CLBP, the tests can guide a simpler and less
stressful assessment for these patients. If this associa-
tion does not occur, healthcare providers can focus their
assessment on other aspects. Thus, the primary aim of
this study was to investigate whether adult patients with
non-specific CLBP have changes in strength of the hip
abductors, adductors, extensors, and external and inter-
nal rotators compared to healthy participants. The sec-
ondary aim was to verify whether there is an association
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between hip strength and the positive Trendelenburg and
Step-Down tests.

Methods

Study design

This cross-sectional study followed the guidelines of the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) initiative [18]. This study was
prospectively approved by the Research Ethics Commit-
tee of Universidade Cidade de Séo Paulo (approval num-
ber 2.895.061).

Sample

We included 40 patients with non-specific CLBP and 40
healthy participants of both sexes, aged between 18 and
65 years. The sample calculation was performed using
an independent t test to detect a 15% difference in hip
abductor strength between the groups [19], considering a
statistical power of 80%, significance level of 5%, and the
inclusion of an additional 30% of participants due to the
assessment of other muscle groups.

All participants reported having aerobic activity levels
of less than 150 min per week [20], and none were under-
going strength training. The inclusion criteria for patients
with non-specific CLBP were pain with a minimum dura-
tion of 12 weeks, located in the region below the last ribs
to the gluteal margin [2]. The control group was com-
posed of participants without symptoms of pain at the
low back, knees, and hips in the last three months [4]. In
addition, participants in the control group should answer
“yes” to the following questions: “Do you consider your-
self healthy for your age?” and “Are you able to partici-
pate in normal day-to-day activities for your age group?”
[21]. The exclusion criteria for both groups were history
of surgery of the lumbar spine, hip, or knees, diagnosis
of neurological or rheumatological origin, tumors, or
sciatica, amputation of lower limb or part of lower limb,
wheelchair use, knee, or hip pain, undergoing physical
therapy, and who were unable to complete the question-
naires or understand the instructions for the study tests.

The variables sex, age, and body mass index were
paired between groups. Participants were recruited from
social media or personal contact. Data collection was
carried out from November 2018 to July 2019 at the Run-
ning Analysis Laboratory and Physiotherapy in the city of
Vitéria, Espirito Santo, Brazil.

Procedures

Participants received information about the study, its
objectives, the importance of their participation, and the
procedures to which they would be exposed during the
assessments. After agreeing to participate, they signed
an informed consent form. The participants then under-
went a clinical assessment to confirm eligibility for the
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group of patients with non-specific CLBP or for the con-
trol group. All participants answered the Roland-Morris
Disability Questionnaire and the Pain Numerical Rat-
ing Scale, followed by hip muscle strength assessment
via dynamometry. Lastly, the functional tests were per-
formed. Regardless of the results, no one was excluded.
All tests were performed on the same day by a single
physical therapist. The physical therapist responsible for
the evaluations (GZP) was not blind to group allocation.
He had seven years of degree in physical therapy and spe-
cialization in musculoskeletal physical therapy.

The Roland Morris Disability Questionnaire [22]
assessed the participants’ disability due to low back pain.
The questionnaire had 24 items and participants must
select “yes” or “no” for each statement. The score ranged
from O to 24 points, and the higher the score, the greater
the disability [23]. The Pain Numerical Rating Scale con-
sisted of 11 points, with 0 being “no pain” and 10 being
“the worst possible pain” [23]. The Roland Morris Dis-
ability Questionnaire [22] and the Pain Numerical Rat-
ing Scale [23] have already been translated and adapted
to Brazilian-Portuguese and have adequate measurement
properties. The score for these two assessment instru-
ments was not used as an eligibility criterion, but rather
to characterize the sample.

The Lafayette Instrument® manual dynamometer was
used to measure isometric muscle strength. Hip abduc-
tor, adductor, extensor, external rotator, and internal
rotator muscles were assessed bilaterally, in this order
(Fig. 1) [11, 13, 24]. The strength tests were performed
by the physical therapist assessor, with excellent intra-
examiner reliability for the evaluation of the selected
muscles (intraclass correlation coefficient between 0.92
and 0.98). Initially, one submaximal effort test was per-
formed to familiarize participants with the test and the
device. Then, two maximum contractions were held for
four seconds, and the mean was used for analysis. Partici-
pants had an interval of 10 s between contractions for the
same muscle group and an interval of 30 s for the next
muscle group. If body misalignment was observed during
any measurement, a 20-second interval was given and a
new measurement was performed [11]. The participant’s
dominant side was the first to be assessed. The proce-
dures to assess the Trendelenburg and Step-Down tests
are described in Figs. 2 and 3, respectively.

Statistical analysis

Demographic and clinical data were initially presented
through measures of central tendency. Muscle strength
was normalized by body weight, using the following
formula: (muscle strength in Newtons/body weight in
kg)*100 [6, 9]. Then, muscle strength normalized by body
weight was compared between the two groups using the
t test for independent samples. Alpha value was adjusted
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using the Benjamini-Hochberg method, which is recom-
mended when multiple comparisons are performed [25].
The between-group comparison for the Trendelenburg
and Step-Down tests was performed using the chi-square
test. Subsequently, the association between the Tren-
delenburg and Step-Down tests (dependent variables)
and the muscle strength normalized by body weight of
the abductors, adductors, extensors, external rotators,
and internal rotators (independent variables) was tested
using a binary logistic regression analysis. An analysis
was conducted for each test separately, using the forced
entry method, that is, all independent variables were
forced simultaneously in the regression model. The vari-
ables with p<0.05 remained in the model (entry criteria
of p<0.05 and removal criteria of p>0.10). The assump-
tions of normality, multicollinearity, and linearity were
not violated and were considered present in the occur-
rence of tolerance<0.10. A test of normal distribution
of the regression models was conducted by plotting both
residuals and normal distribution. The level of signifi-
cance adopted was « <0.05. The data were analyzed using
SPSS version 20.0.0.

Results

The characteristics of the 80 participants (40 patients
with CLBP and 40 healthy participants) are shown in
Table 1. The minority of the sample (5%) were smok-
ers, and the time as a smoker ranged from 1 to 12 years
and, on average, 7.3 cigarettes were smoked per day. Use
of pain medication in the group with non-specific CLBP
included anti-inflammatories (7.5%), analgesics (7.5%),
and a combination of anti-inflammatories and analgesics
(7.5%).

There was a statistically significant difference in the
strength values for right hip abductors (mean difference:
28.1%, 95% confidence interval [CI]: 9.4 to 46.9), right
adductors (mean difference: 18.7%, 95% CI: 6.2 to 31.2),
right internal rotators (mean difference: 8.7%, 95% CI: 1.5
to 15.8), right extensors (mean difference: 21.1%, 95% CI:
6.2 to 31.2), left abductors (mean difference: 30.4%, 95%
CIL: 11.9 to 49), left adductors (mean difference: 18.4%,
95% CI: 3.7 to 33.2), and left extensors (mean difference:
21.6%, 95% CI: 6.6 to 36.5). In all cases, muscle strength
for the control group was statistically greater than that of
the group with CLBP. The left internal rotators, and both
the right and left external rotators showed no statistically
significant difference between groups (p>0.05) (Table 2).
For both the Trendelenburg and Step-Down tests, there
was no statistically significant difference (p>0.05).

Because the comparison of functional tests between
groups did not show any statistically significant differ-
ence, all participants were combined for regression anal-
ysis. As seen in Table 3, the regression analysis showed
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The hip abductor muscles were assessed with the participant
side lying on the plinth, top limb in a neutral hip position, and
bottom limb with flexed hip and knee. The dynamometer was
positioned in the distal region of the thigh, 5 cm above the base
of the patella of the limb to be tested, while the axis of the hip
joint remained aligned. An inelastic strap was used to fix the

dynamometer during isometric contraction[11, 13, 24, 37].

The hip adductor muscles were assessed with the participant
side lying on a plinth, bottom limb in extension and neutral hip
position, and top limb with the hip flexed at 90° and supported
with a therapeutic roller so as not to compromise the stability
of the hip. The dynamometer was positioned and fixed with an

inelastic strap[11] 10 cm above the patella[13].

The hip extensor muscles were assessed with the participant in
prone on the plinth with arms in a comfortable position, so that
the participant could not use them to assist the movement.
During hip extension the knee remained flexed at 90°. The
dynamometer was positioned and fixed with an inelastic strap

in the distal region of the thigh[11, 13, 24, 37].

The hip external rotator muscles were assessed with the
participant seated with hip and knee flexed at 90°. The
dynamometer was positioned 5 cm above the medial malleolus

and fixed with an inelastic strap during testing[11, 24, 37].

The hip internal rotator muscles were assessed with the
participant seated with hip and knee flexed at 90°. The
dynamometer was positioned 5 cm above the lateral malleolus

and fixed with an inelastic strap during testing[11, 24].
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Fig. 1 Muscle strength test positions. A: Right hip abductor in left side-lying; B: Right hip adductor in right side-lying; C: Right hip extensor in prone posi-

tion; D: Right hip external rotator with hip and knee flexed at 90°; E: Right hip internal rotator with hip and knee flexed at 90°

no association between functional tests and hip muscle
strength (p>0.05).

Discussion

The aim of this study was to investigate the existence of
changes in strength for hip muscles in patients with non-
specific CLBP compared to healthy participants and to
investigate whether there is an association between Tren-
delenburg and Step-Down tests with muscle strength.
The results showed that the bilateral strength of hip

abductors, adductors, and extensors, and of the right
internal rotators was greater in the control group com-
pared to the group with non-specific CLBP. The dif-
ference in strength for hip abductors, extensors and
adductors between patients with non-specific CLBP and
healthy participants was greater than 15%, which is con-
sidered a clinically relevant difference in muscle strength
[19, 26]. In addition, there was no statistically signifi-
cant difference between the groups for the positivity of
the functional tests, and there was also no association
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The assessor analyzed the Trendelenburg
test in a posterior view. The participant
started the test with bilateral support to gain
balance, then the participant was asked to
raise one limb and assume a single legged
position. The leg assessed was the one on the
ground; the test consisted in asking the
participant to raise the contralateral hip. The
posture should be maintained for 30 seconds
with the spine centered on the hips and feet.
The test was considered positive if the
patient was unable to raise their pelvis,
maintain the pelvis raised during the
proposed time, or keep the pelvis aligned
during the assessment with contralateral

inclination[28].

Fig. 2 Positions adopted for the Trendelenburg test. A: Right Trendelenburg; B: Left Trendelenburg

between muscle strength and the Trendelenburg and
Step-Down tests.

Four studies, one in the United States [4], two in Can-
ada [6, 7] and one in Iran [10] reported results similar to
ours regarding the weakness of hip abductors in patients
with CLBP compared to healthy participants. How-
ever, the weakness of hip abductors is not a consensus,
as other studies showed no difference in strength for hip
abductor and extensor muscles in patients with CLBP
compared to healthy participants [5, 9]. Some clinical
characteristics of participants may suggest the reason for
these differences between the results of these studies and
ours. The first characteristic is the mean pain intensity of
patients with CLBP, which was 1/10 in the Visual Ana-
logue Scale [5]. In our study, patients with CLBP had a
mean score of 6/10 in the Pain Numerical Rating Scale.
Another characteristic was the varied level of physical
activity by participants, as not all participants were sed-
entary [9, 27]. In another study [28] on street runners
with and without CLBP, hip abductors and extensors did
not differ between groups. Our study included sedentary
participants in both groups, which may have influenced
the results.

Regarding body position during the muscle strength
tests, other studies used similar positions for hip abduc-
tors [4—6, 11, 12, 24], adductors [11], and extensors [4, 11,

12, 24] compared to the positions in the present study. As
for the external rotators [12, 29] and internal rotators test
position [29], there is still no consensus on whether the
hip should be positioned at 0° or 90° of flexion. Krause et
al. [12] state that, regardless of hip position, intra-exam-
iner reliability is excellent. In addition, Bloom et al. [29]
affirm that there is no difference in strength for external
rotator muscles when the test is performed with or with-
out hip flexion. This finding indicates that our choice of
positioning to assess hip external rotator strength proba-
bly did not influence the result. Another point to be taken
into account was the lack of an inelastic strap to stabilize
the dynamometer during internal rotator [29] and exter-
nal rotator testing [12, 29], which differs from our study,
and may justify the adoption of different test positions
that make it easier to stabilize the isometric contraction
manually [12].

The Trendelenburg test, originally described to test
the stabilizing muscles of the hip [30], showed no differ-
ence between groups, corroborating the results of similar
studies [6, 7]. Another study [31] assessed hip abductor
strength and stability of seven young men, using a man-
ual dynamometer and the Trendelenburg test, before and
after gluteal nerve block. One of the aims was to verify
whether the reduction in hip abductor strength would
change the result of the Trendelenburg test. A mean
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and 43].

The participant climbed a 20 cm step facing the assessor, with back aligned. The participant
then moved their foot towards the ground in front of the step, mimicking the descent of the
step. The participant moved the heel forward, towards the ground and returned to the initial
position of the test. This movement was repeated three times. A positive test was considered
when there was dynamic valgus, which is characterized by an increase in the internal rotation
of the femur on the fixed side during the test, along with abduction of the tibia, adduction of
the knees, and inclination of the trunk ipsilateral to the test in any of the three repetitions. The

presence of these changes is correlated with hip extensor and abductor weakness[32, 41, 42

Fig. 3 Positions adopted for the Step-Down test. A: Right Step-Down; B: Left Step-Down [32, 41-43]

reduction of 52% in the hip abductor muscle strength
was observed after nerve block. However, the number of
patients with a positive result in the Trendelenburg test
did not increase. The authors suggest that people capa-
ble of producing up to 10% strength in relation to their
body weight will not be positive on the Trendelenburg
test because the reduction in strength did not result in
an increase in positive tests [31]. Finally, Cooper et al.
[4] used manual strength tests to identify weakness of
the gluteus medius muscle and investigate its relation to
the Trendelenburg test in patients with CLBP, classified
as unilateral or bilateral. The symptomatic side showed
lower gluteus medius strength values and presented with
more positive Trendelenburg test [4]. In our study, we
did not ask about the side of pain. However, this infor-
mation would unlikely change our results because there
was no difference in the Trendelenburg test between
groups. The Step-Down test was also not associated with
muscle strength in the current study, even though it is a
more challenging test than the Trendelenburg test, with

mechanisms associated with weakness of hip abduc-
tors, extensors, and external rotators [32], and with dif-
ferent lumbar spine movements in patients with CLBP
compared to healthy participants [33]. This result is in
line with a previous study [34] that found no correla-
tion between the Step-Down test and the strength of hip
abductors and external rotators in healthy participants.
An important highlight of this study is the strength
assessment of the five large hip muscle groups (abduc-
tors, adductors, extensors, internal rotators, and exter-
nal rotators) in patients with CLBP and comparison with
healthy participants, showing the clinical characteristic
of hip muscles with greater clarity. All participants were
matched by sex, age, and body mass index, and were sed-
entary, reducing confounders within our sample. Muscle
strength assessment was performed by a single assessor,
with excellent reliability, and with the manual dynamom-
eter stabilized with an inelastic strap, given that accord-
ing to Krause et al. [12], the limitation of the manual test
with or without the dynamometer is the strength of the
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Table 1 Demographic and clinical characteristics of the participants
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Characteristic

Chronic low back pain group (n=40)

Control group

(n=40)
Female 26 (65) 27 (67.5)
Age (years) 32(11.3) 32(11.5)
Body mass index (Kg/m?) 24.5 (34) 24 (3.2)
Marital status
Single 24 (60) 22 (55)
Married 12 (30) 16 (40)
Divorced 4(10) 1(2.5)
Widowed 0(0) 1(2.5)
Smoker 3(7.5) 1(2.5)
Academic level
Primary education 1(2.5) 0(0)
Secondary education 24 (60) 14 (35)
Tertiary education 10 (25) 21 (52.5)
Postgraduation 5(12.5) 5(12.5)
Pain intensity (0 to 10 points) 6(1.6) 0(0)
Pain duration® (months) 21 (38) 0(0)
Disability (0 to 24 points) 84 (3.9 0(0)
Trendelenburg test
Positive in the right side 12 (30) 8 (20)
Positive in the left side 17 (42.5) 13 (32.5)
Step-Down test
Positive in the right side 33(82.5) 35(87.5)
Positive in the left side 36 (90) 32 (80)

Continuous variables are expressed as mean (standard deviation - SD) and categorical variables are expressed as absolute numbers (percentage)

§Variable expressed as median and interquartile range

Table 2 Between-group comparison of the muscle strength normalized by body weight (%)

Hip muscles Chronic low back pain group Control group Mean difference Adjusted p
(95% Cl)

Right abductors 153.5(43.2) 181.6 (41) 28.1 (9410 46.9) 0.005*
Left abductors 1444 (46.8) 1749 (35.7) 304 (11.9t0 49) 0.002*
Right adductors 72.7 (30) 91.3 (26) 18.7 (6.2t031.2) 0.005*
Left adductors 74.1 (29.5) 926 (36.2) 184 (3.7t033.2) 0.030*
Right external rotators 546 (16.6) 62.1(154) 760410 14.7) 0.190
Left external rotators 53.2(16.1) 57.7 (15.8) 46(-26t011.6) 2.150
Right internal rotators 656 (17.1) 74.2 (15.1) 8.7 (1.5t0 15.8) 0.048*
Left internal rotators 674 (19.8) 76.3(154) 89 (1to16.8) 0.093
Right extensors 87.6 (36) 108.7 (30.3) 21.1(6.21035.9) 0.010*
Left extensors 81.9(35.1) 1034 (32.0) 216 (6.6 10 36.5) 0.007*

*Statistically significant difference between groups (p <0.05)
All data are expressed as mean (standard deviation)

Cl: confidence interval

assessor in relation to the strength of the tested muscle
group. Furthermore, to prevent participants with more
body weight from gaining a greater advantage in strength
tests [35], the results of muscle strength testing were nor-
malized by the participants’ body weight [6, 7]. Another
highlight of our study was the investigation of the asso-
ciation of the Step-Down test with hip muscle strength
in patients with CLBP. Finally, we can also highlight the
clear methodology, allowing assessments to be replicated

in clinical practice by healthcare providers with different
levels of clinical experience.

The absence of an association between hip muscle
strength and the functional tests allows the optimization
of clinical assessments. Future studies could assess bio-
impedance to observe how the amount of muscle mass
could influence the results for muscle strength and func-
tional tests. In addition, we would recommend investigat-
ing whether other tests that aim to measure hip muscle
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Trendelenburg test - Right side

Step-Down test - Right side

Chi Square: 2.950
Pseudo R: 5.4%

Chi Square: 2.988
Pseudo R: 6.4%

Beta (SE) Odds ratio p Beta (SE) Odds ratio p
(95% Cl) (95% Cl)
Right abductor strength -0.006 (0.014) 0.994 (0.967 to 1.022) 0.686 0.014(0.017) 1.014 (0.981 to 1.048) 0.406
Right adductor strength -0.020 (0.022) 0.981 (0.940 to 1.024) 0.371 -0.011 (0.027) 0.989 (0.938 to 1.042) 0.676
Right extensor strength 0.015(0.017) 1.015 (0.982 to 1.049) 0.381 -0.008 (0.019) 0.992 (0.955 to 1.030) 0.669
Right internal rotator strength 0.014 (0.027) 1.014 (0.961 to 1.069) 0613 0.026 (0.034) 1.026 (0.961 to 1.097) 0.440
Right external rotator strength 0.020 (0.031) 1.020 (0.961 to 1.083) 0.519 -0.037 (0.036) 0.964 (0.898 to 1.034) 0.306
Constant 0456 (1.075) 0.671 -2.029 (1.321) 0.124
Trendelenburg test - Left Side Step-Down test - Left side
Chi Square: 1.660 Chi Square: 6.345
Pseudo R: 2.7% Pseudo R: 13.4%
Beta (SE) Odds ratio p Beta (SE) Odds ratio p
(95% Cl) (95% Cl)
Left abductor strength -0.007 (0.013) 0.993 (0.968 to 1.018) 0.584 -0.016 (0.018) 0.984 (0.949 to 1.020) 0.384
Left adductor strength 0.015 (0.018) 1.015 (0.979t0 1.052) 0415 -0.005 (0.025) 0.995 (0.946 to 1.046) 0.834
Left extensor strength -0.007 (0.015) 0.993 (0.964 to0 1.022) 0.623 0.041 (0.022) 1.042 (0.998 to 1.088) 0.063
Left internal rotator strength 0.014(0.022) 1.014 (0.971 to 1.058) 0.530 -0.047 (0.033) 0.954 (0.894 to 1.018) 0.158
Left external rotator strength -0.015 (0.027) 0.985 (0.934 to 1.039) 0.582 0.016 (0.039) 6(0.941 to 1.097) 0.685
Constant 0.819 (0.970) 0.398 -0.808 (1.303) 0.535

Pseudo R: Nagelkerke R Square

The Chi square value of the Hosmer and Lemeshow test for the dependent variable Trendelenburg test in the right side is 4.286, for the dependent variable Step-
Down in the right side is 14.346, for the dependent variable Trendelenburg test in the left side is 9.305, and for the dependent variable Step-Down in the left side

is 7121
Cl: confidence interval, SE: standard error

strength, such as the Y-Balance test [16], would be better
correlated with muscle strength. Prospective studies can
assess whether hip muscle weakness may be a risk factor
for low back pain, as well as to investigate whether the
increase in strength of these muscles can alter the clini-
cal condition of patients with CLBP, which is not yet well
established in the literature [17, 36].

Although the present study did not aim the treatment
of patients with CLBP, our data may influence decision-
making in interventions. Patients with recurrent low
back pain episodes tend to evolve with physical decon-
ditioning [37]. So, the health professional should assess
the strength of hip muscles of patients with CLBP [1, 2]
as a first step to treatment. Additionally, looking forward
a strategy to prevent CLBP is very important, as CLBP
is prevalent worldwide [38] and usually the patients
decrease their activities in some point [37]. The results
of this study showed that Trendelenburg and Step-Down
tests do not associate with hip muscle strength in patients
with CLBP neither healthy participants. Therefore, the
assessment of hip muscle strength should be performed
with dynamometer, highlighting that the hand-held
dynamometer shows a good reliability with the isokinetic
dynamometer [19].

Limitations

However, this study presents some limitations. The study
sample consists of relatively young participants (32 years
old), with a mean age below the mean age of those most
affected by low back pain (between 40 and 80 years old)
[39]. All participants were sedentary, but with a normal
body mass index, which is not always found in patients
with low back pain [40]. Thus, this can make it difficult
to generalize the results for a population with different
characteristics. The Trendelenburg and Step-Down tests
were assessed by a single assessor, who was not blind to
group allocation; however, the lack of blinding by the
assessor probably did not interfere in the results. Another
study [7] using 2D cameras to assess the Trendelenburg
test and a manual dynamometer to assess hip abductor
strength found no difference between the Trendelenburg
test in patients with CLBP compared to healthy partici-
pants. Nevertheless, our results related to the absence of
relationship between hip abductor strength and the Tren-
delenburg test are in agreement with those of the study
by Penney et al. [6], in which the assessor was blinded.

Conclusion

Hip abductors, adductors, and extensors are weaker in
patients with non-specific CLBP compared to healthy
participants. This difference is clinically relevant; how-
ever, there is no difference between groups in the results
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for the Trendelenburg and Step-Down functional tests.
Moreover, there is no association between hip muscle
strength and the results of the Trendelenburg and Step-
Down tests.

Abbreviations

CLBP Chronic low back pain

STROBE  Strengthening the Reporting of Observational Studies in
Epidemiology

cl Confidence interval
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