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Background: This study aimed to confirm the correlations among hip extension range of motion, hip extension asymmetry,
pain intensity, disability index, and compensatory lumbar movement in patients with nonspecific chronic low
back pain.

Material/Methods: Of 66 patients with nonspecific chronic low back pain and limited hip extension, 59 met the inclusion criteria
and were enrolled in the study. Pain intensity, Oswestry Disability Index (ODI), hip range of motion, compensa-
tory lumbar extension, and compensatory lumbar rotation of the subjects were assessed. Pain was measured
using a numeric pain rating scale (NPRS), and hip extension range of motion and compensatory lumbar move-
ment were evaluated using a digital dual inclinometer (Dualar IQ, JTech Medical, United States). Correlation
analysis was used to analyze the data.

Results: A strong correlation was observed among hip extension asymmetry, pain intensity, and disability index (P<0.05).
However, no correlation was observed among compensatory lumbar rotation and extension, pain intensity, and
ODI. A strong correlation also was observed between limited hip extension range of motion and compensa-
tory lumbar rotation (P<0.05) but not between limited hip extension range of motion and compensatory lum-
bar extension (P>0.05).

Conclusions: The results of this study showed that hip extension asymmetry might be a more critical factor than hip exten-
sion range of motion. The strong correlation between limited hip extension and compensatory lumbar rota-
tion suggests a risk of micro-trauma due to compensatory lumbar rotation.
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Background

Nonspecific chronic back pain refers to a condition in which
pain arising in the lower back without pathological abnormal-
ity continues for more than 90 days [1]. Most people experi-
ence nonspecific back pain more than once in their lifetime [2].
A recent systematic review reported an estimated 1-year inci-
dence of back pain ranging from 1.5% to 36% and an estimated
initial incidence ranging from 6.3% to 15.3% [3]. Walker et al.
reported a 1-year prevalence of back pain of 22-65% and
lifetime prevalence of 11-84% [4]. Chronic back pain also in-
creases with age [5]. Approximately 90-95% of cases of low
back pain are nonspecific [6].

Nonspecific low back pain can occur without severe medical or
psychological symptoms and signs. Mobility impairment of the
chest, lumbar spine, and sacroiliac joint; lower-extremity radi-
ating pain, and general pain also can occur [7]. Characteristic
symptoms of nonspecific chronic low back pain include en-
hanced symptoms due to repeated movement or sustained
posture, mobility defects in the trunk and lumbopelvic and
hip joint, and reduced muscle strength and endurance of the
trunk or pelvis. Furthermore, leisure- and job-related activities
are also restricted due to impaired motor coordination [8-10].
Fear also plays an important role in persisting pain in individ-
uals with nonspecific chronic low back pain [11]. Psychosocial
problems such as distress and depression are also important
contributing factors during the transition from acute to chron-
ic pain [12].

Because the hip joint and lumbar spine are adjacent to the
pelvis, they exhibit coordinated movement. However, limited
hip joint mobility is a risk factor that causes pain by changing
mechanical forces and causing excessive stress [2,13]. Studies
of low back pain have focused on low back anatomy, biome-
chanics, and motor control, or dysfunction of the trunk and
spine itself, without considering the contributions of adjacent
joints to low back pain [14,15].

The hip joint is considered a latent cause of and contribut-
ing factor to low back pain; mobility impairment of the hips
is related to low back pain [16-19]. Limitation of hip mobili-
ty can lead to excessive compensatory movement of the lum-
bar spine [20]. In addition, people with back pain have more
limited range of motion in the hip joint and larger asymmetry
than those without low back pain [21,22]. Prior studies, how-
ever, only described limitation of hip mobility and consequent
pain patterns and movements in individuals with nonspecif-
ic chronic low back pain. Knowledge remains limited about
the relationship between hip joint characteristics, pain inten-
sity, disability index, and compensatory lumbar movement. In
addition, most studies have studied only 1 hip joint range of
motion; thus, correlations of degree of pain, disability index,

Kim W. et al.:
Correlations between hip extension range of motion...
© Med Sci Monit, 2020; 26: €925080

and compensatory lumbar movement with hip joint asymme-
try have not yet been elucidated.

Therefore, this study assessed correlations among hip joint mo-
bility, hip extension asymmetry, pain intensity, disability index,
compensatory lumbar movement, and hip extension limitation
in patients with nonspecific chronic back pain.

Material and Methods

Subjects

This study included individuals with low back pain who vis-
ited the J General Welfare Center Physical Therapy Clinic in
Changwon, Kyungnam, Korea.

Inclusion criteria were: 1) diagnosis of nonspecific back pain in
patients over 50 and under 70 years of age; 2) experience of
at least 6 weeks of back pain in the last 12 weeks; and 3) low
back pain and limited hip joint range of motion.

Exclusion criteria were: 1) malignant tumor; 2) spinal infec-
tion or fracture; 3) history of waist bone, abdomen, pelvis, and
hip joint surgery; 4) cauda equine syndrome; 5) neurological
symptoms such as pain radiating from the lower extremities;
6) abdominal and systemic inflammatory diseases; and 7) oth-
er serious conditions leading to mobility problems.

Sixty-six subjects were initially selected. Seven of them were
excluded based on the criteria previous described; therefore,
59 subjects were enrolled in the study. Three subjects were ex-
cluded due to radiating lower-extremity pain, one due to ver-
tebral fracture, and 3 due to a history of hip surgery. All sub-
jects were provided full explanations of the study procedure
and purpose and provided written informed consent. All re-
search protocols were approved by the Kyungnam University
Research Ethics Committee.

Procedure

The range of motion in the left and the right hip joints of the
enrolled patients were assessed and differences between them
in each patient were calculated. Compensatory lumbar exten-
sion and compensatory lumbar rotation were measured during
hip extension with subjects in the prone position. The pain in-
tensity and disability index of the subjects were assessed using
a questionnaire. Hip extension range of motion, compensato-
ry lumbar extension, and compensatory lumbar rotation were
measured 3 times and the average value was used (Figure 1).
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Recruitment of 66 non-specific low back pain patients

7 people excluded

« L/E radiatiin pain -3

« Vertebrae fracture — 1

« History of hip surgery — 3

| 59 people selected |
I

Measurement of hip extension range, pain, disability index, and compensatory
lumbar movement

| Conelation analysis |

Figure 1. Research procedure.
Hip extension range of motion

A modified Thomas test was used to measure the hip exten-
sion range of motion using a digital inclinometer (Dualar 1Q,
JTech Medical, USA). The subjects rested freely on a bed with
the lower leg out of the bed and free. The examiner bent the
subjects’ knees and hips so that the subjects’ waists were
flat on the bed. One leg maintained this position and the pel-
vis was tilted posteriorly about 10 degrees while keeping the
knees and hips bent. The adduction and abduction angles of
the hip were maintained at 0 degrees and the legs were slow-
ly dropped to the floor. The angle between the femoral cen-
terline and bed was measured (Figure 2). This study used the
average of 3 measurements. The tester reliability (intraclass
correlation [ICC]) was 0.70-0.89 [23]), while the test-retest re-
liability was 1CC=0.87-0.91 [24].

Hip extension asymmetry

Hip extension asymmetry was evaluated by calculating the
difference between the left and right hip ranges of motion.

Pain intensity

Pain was evaluated using a numeric pain rating scale (NPRS)
ranging from pain-free (0 points) to extreme pain (10 points).
The numerical value of the scale indicated the overall pain in-
tensity. The test-retest reliability was 1CC=0.61-0.77 and the
validity was 1CC=0.85 [25].

Disability index

The disability index was measured using the Oswestry disabili-
ty index (ODI), a tool commonly used to identify perceived dis-
orders in patients with back pain [26,27]. The ODI evaluates
10 parameters, 8 and 2 of which are related to daily life activ-
ities and pain, respectively. Each parameter is graded from 0
to 5, with the total score translated to percentages. The higher
the score, the higher the ODI. Of the 10 parameters, questions

Figure 2. Hip joint extension range of motion as measured by
digital dual inclinometer.

related to sexual life were considered unsuitable to Korean cul-
ture; thus, this study used a revised scale with 9 items. The in-
tra-evaluator reliability of this test was ICC=0.84 and the test-
retest reliability was 1CC=0.9167 [28].

Compensatory lumbar movement

To assess compensatory lumbar movement, compensatory
lumbar extension and rotation movements during hip joint ex-
tension motion were measured with the subjects in a prone
position. Compensatory lumbar extension and rotation were
evaluated using a digital dual inclinometer (Dualar 1Q, JTech
Medical, United States). The degree of lumbar extension and
rotation within 10 degrees of hip joint motion were measured
with the subjects in the prone position. The position of the hip
joint was set using a smartphone goniometer app (G-Pro, 5FUF5
Co., United States). If a subject’s hip joint reached 10 degrees,
the evaluator stopped the subject’s hip joint motion by verbal
instruction. To measure compensatory lumbar extension and
rotation, the subjects were placed in a prone position, at the
center of the thoracic spine and posterior superior iliac spine,
and allowed 10 degrees of active hip joint extension, and the
tilt of the inclinometer was evaluated (Figures 3, 4). The aver-
age value after 3 measurements was used.

Statistical analysis

SPSS 21.0 was used to perform statistical analyses. All data
were tested for normality by Kolmogorov-Smirnov tests.
Spearman correlation coefficients were used to analyze corre-
lations among limited hip extension, hip extension asymmetry,
pain, ODI, compensatory lumbar extension, and compensatory
lumbar rotation. The significance level (o) was set at P<0.05.
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Figure 3. Compensatory lumbar extension as measured by
digital dual inclinometer during hip joint extension
with participants in the prone position.

Table 1. General characteristics of study subjects.

Average (standard deviation)

VarlabS or frequency (%)
Sex
"""" Male )  23G%)
"""" Fmale %)  3661%
CAgeears) 6303 (606)

Weight (kg) 67.26 (11.41)

Results

Of 59 recruited subjects, 24 were male (39%) and 36 were fe-
male (61%). Mean age, height, and weight were 63.03 years,
161.25 cm, and 67.26 kg, respectively (Table 1).

Normality tests of all measured variables showed non-normal
distributions. Therefore, Spearman correlation coefficient non-
parametric statistical tests were used.

Patients’ hip extension was limited to 27.93 degrees on the
left and 24.10 degrees on the right. The difference between
the left and right extension ranges of the hip joint was 5.03
degrees. The pain intensity was 4.54 points and the disabili-
ty index was 18.75%. Compensatory lumbar extensions were
18.49 and 15.35 degrees on the left and right, respectively.
Compensatory lumbar rotations were 5.93 and 3.49 degrees
on the left and right, respectively (Table 2).

Table 3 shows the results of analysis of correlations among the
degrees of limited hip extension, asymmetry, pain intensity,
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Figure 4. Compensatory lumbar rotation as measured by digital
dual inclinometer during hip joint extension with
participants in the prone position.

Table 2. Medical characteristics of study subjects.

Variable Average (standard deviation)

LHE
"""" left (de))  27.93G2)
"""" Rightde) ~ 2410(3)
CAsymmetry deg) 503 (18)
CNPRS(oint)  4sa(e9)
R 1875078
ae
"""" left (deg) 1849655
"""" Rightde ~ 153569)
R
"""" Left deg)  593@41)
"""" Rightde) 349041

LHE — limited hip extension; NPRS — numeric pain rating scale;
ODI - Oswestry disability index; CLE — compensatory lumbar
extension; CLR — compensatory lumbar rotation.

0DI, and compensatory lumbar extension and rotation. A strong
correlation was observed between the degree of hip exten-
sion asymmetry, pain intensity, and disability index (P<0.05).
A strong correlation was also observed between the limitation
of the left hip joint extension and left compensatory lumbar
rotation (P<0.05). The correlation between left hip extension
limit and left compensatory movement of lumbar extension
was not statistically significant (P>0.05). A strong correlation
was also observed between right hip joint extension limitation
and right compensatory lumbar rotational movement (P<0.05).
No statistically significant correlation was observed between
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Table 3. Limited hip mobility, compensated lumbar extension, and compensatory lumbar rotation correlation.

LHE RHE Asymmetry  NPRS oDl LLE RLE LLR RLR
cc 1 - - - - - - - -
LHE o ooolIilooooliooooooiiiioooooiioiooooooo
p - - - - - - - -
cc .525 1 - - - - - - -
B i imaede e
P .000 - - - - - - -
cc .037 -.498 1 — — — — — —
2T 1 11T €
.782 .000 = = = = = =
cc .046 -.522 .824 1 - - - - -
121 33 SR
P 731 .000 .000 - - - - -
cc .009 -.052 951 754 1 - - - -
L i e
P .948 .000 .000 .000 - - - -
cc -.119 -.204 -.199 -.075 =1253 1 — — —
L
P .370 122 131 574 .074 = = =
cc -115 .027 -.523 -.324 -.526 .886™* 1 = =
3 SRS
P .387 .840 .000 .012 .000 .000 - -
cc .837 .370 .025 .083 -.020 -.039 -.060 1 -
L i mm i e
P .000 .004 .853 531 .878 .770 .652 -
cc 428 795 1371 -457 -410 -.141 .015 426 1
3 1 R
P .001 .000 .004 .000 .001 .288 .907 .001

LHE — left hip extension; RHE — right hip extension; NPRS — numeric pain rating scale; ODI — Oswestry disability index; LLE — left
lumbar extension; RLE — right lumbar extension; LLR — left lumbar rotation; RLR — right lumbar rotation; CC — correlation coefficient;

P - p value.

limited right hip joint extension and right compensatory lum-
bar extension (P>0.05).

Discussion

This study evaluated correlations among the degree of hip
extension, degree of hip extension asymmetry, pain intensity,
ODI, compensatory lumbar extension, and compensatory lum-
bar rotation in subjects with nonspecific chronic back pain.

The results of this study revealed a strong correlation between
degree of asymmetry of hip extension and pain intensity, and
ODI. Furthermore, we also observed a strong correlation be-
tween the degree of hip mobility and compensatory lumbar
rotational movement, but the correlation between hip exten-
sion range of motion and compensatory lumbar extension
movement was not statistically significant.

Patients with nonspecific chronic low back pain exhibited less
hip extension mobility than that in healthy people. In addition,
compensatory rotation of the lumbar spine occurred during
hip movement [21,29].

The results of this study showed that the greater the degree of
motion in the hip joint extension, the greater the compensato-
ry lumbar spine movement. The hip and lumbar spine exhibit
coordinated movement because they both are adjacent to the
pelvis. Hence, restricting hip joint mobility could lead to exces-
sive stress in the lumbopelvic region [2,13]. Therefore, these re-
sults suggest that restricted motion of hip extension marked-
ly affected compensatory rotational movement of the lumbar
spine and could lead to excessive stress in the lumbar region.

Patients with low back pain often exhibit asymmetric hip mo-
bility [30]. Results of this study also show that the greater the
asymmetry of the hip extension, the higher the pain intensity
and disability index, and the greater the hip extension asym-
metry, the greater the compensatory rotational movement
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of the lumbar spine during activities requiring hip extension.
Increased lumbar spine rotation can cause excessive compen-
satory lumbopelvic region movement and induce increased me-
chanical stress, leading to back pain [20,31].

The results of this study also demonstrate increased compen-
satory lumbar rotation with increased limitation of hip joint
extension. This finding indicates an association between pain
intensity and ODI that affected trunk-pelvic coordination, in-
duced mechanical stress, and overloaded the lumbar spine.

Contrary to our hypothesis, the correlation between the de-
gree of hip extension and the extension of the lumbar spine
was not statistically significant. These results showed that pa-
tients exhibited reduced flexibility of the muscles around the
lumbar spine due to chronic back pain. In addition, with in-
creased hamstring muscle activity, hip joint extension in the
prone position was assumed to induce the posterior pelvis tilt,
which restricted movement during lumbar extension.

Horment et al. analyzed surface electromyography during hip
extension in the prone position in patients with low back pain
and reported a significant reduction in erector spine muscle
activities on the same and the opposite sides, as well as in
the gluteus maximus muscle [32].

Arab et al. reported higher muscle hamstring muscle activity
in individuals with back pain compared to those without low
back pain during hip joint extension in the prone position [33].

The patients in this study had nonspecific chronic low back
pain and limited hip extensor mobility. We observed a strong
correlation between limitations in hip extension and compen-
satory lumbar rotation, as well as among hip extension asym-
metry, pain intensity, and disability index. The results may have
been a consequence of mechanical stress and micro-trauma to
the lumbar region due to compensatory lumbar rotation dur-
ing activities that required hip extension. Moreover, because
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patients enrolled in this study had experienced back pain for
more than 6 of the past 12 weeks, we assumed a greater de-
gree of hip asymmetry, which led to high pain intensity and
ODlI scores.

This study has several limitations. First, because the age of the
patients was set limited to 50 to 70 years, our data cannot be
generalized to all ages. Second, because a digital inclinome-
ter was used as the measuring instrument, it was possible to
measure only the angle at which the lumbar spine was tilted;
hence, exact movement during hip joint extension could not be
determined. Third, because measurements were obtained with
subjects in the prone position, the data cannot be generalized
to movement-related activities, such as walking and running.

The clinical relevance of this study is that limited hip joint ex-
tension strongly affects compensatory lumbar rotation and
that the degree of asymmetry affects pain intensity and ODI
score. These results can be used to inform more effective man-
agement of nonspecific chronic low back pain by improving
hip joint extension flexibility and asymmetry amelioration.

Conclusions

This study investigated correlations among the degree of hip
extension limitation, degree of hip asymmetry, pain intensity,
ODI, compensatory lumbar extension, and compensatory lum-
bar rotation in patients with nonspecific chronic low back pain.

Strong correlations were observed among the degree of hip
extension asymmetry, pain intensity, and ODI as well as be-
tween the degree of hip extension and compensatory lumbar
rotation movement. The results indicate that improvement in
extension flexibility of the hip joint and amelioration of asym-
metry can contribute to more efficient management of non-
specific chronic back pain.
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