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Abstract

Background: To our knowledge, no study has examined the kinematics of lumbopelvic-hip complex of individuals with chronic
low back pain (CLBP) who had lumbar flexion+rotation (F+R) syndrome during sit to stand (SiToSt) and stand to sit (StToSi)
activities. Thus, this study aimed to examine movement patterns of the lumbopelvic-hip complex in participants with CLBP classified
into F+R syndrome subgroup.

Methods: This was a cross sectional study. A 3-dimensional motion capture system was used to record movements of the lumbar
spine and hips during SiToSt and StToSi. Participants were 20 patients with LBP classified in lumbar F+R subgroup, based on the
movement impairment system model, and 20 asymptomatic individuals. The study was approved by Shahid Beheshti University of
Medical Sciences (IR, SBMU.RETECH, and REC.1395.365).

Results: Greater and significant lumbar flexion, with SiToSt, and lumbar extension, with StToSi, were observed in the patients. In
addition, the patients exhibited a greater magnitude of lumbar rotation during SiToSt. No significant difference was observed between
the 2 groups in hip motions.

Conclusion: The patients with lumbar F+R syndrome tend to move their lumbopelvic region to a greater extent in sagittal and
horizontal planes during SiToSt and StToSi compared with participants without low back pain.
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Introduction

Low back pain (LBP) is the most prevalent musculo-
skeletal disorder that affects up to 80% of individuals in
their lives (1, 2). The burden of treatment is challenging
when a symptom of LBP persists for more than 3 months,
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which is known as chronic LBP (CLBP) (2, 3). In the
dominant cases of CLBP, no specific pathological situa-
tion can be found that is identified as nonspecific CLBP

1, 4).

1 What is “already known” in this topic:

Patients with LBP experience symptoms during many habitual
activities. Two activities associated with pain, especially in
those subcategorized in F+R subgroup, were SiToSt and
StToSi. Previous studies showed that patients with F+R
syndrome may benefit from decreasing lumbar flexion with
trunk or limb movements.

— What this article adds:
The current data indicated an increase in lumbar spine motion

of the patients with lumbar F+R during flexion phase of SiToSt
and extension phase of StToSi tasks. The study also indicated
that the patients used the lumbar rotation in a greater
magnitude during SiToSt compared to healthy people.
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It is well accepted by researchers and clinicians that
mechanical risk factors are important in persistence and
development of symptoms in individuals with nonspecific
CLBP (5-9). Because of the close biomechanical and ana-
tomical relationship between the hips and lumbar spine,
abnormalities of lumbopelvic-hip rhythm, especially dur-
ing the activities that need the lumbar spine and hip joints
cooperation, are proposed as a possible potent contrib-
uting risk factor for LBP (10-13). Therefore, evaluation of
lumbopelvic-hip rhythm in people who suffer from LBP
symptom during performing habitual or functional activi-
ties could be an essential step in determining the main risk
factors related to the problem.

Sit to stand (SiToSt) and stand to sit (StToSi) are essen-
tial functional activities that are frequently performed by
individuals throughout the day (14). Completion of these
activities are dependent on appropriate cooperation of the
lumbar spine and the hip joints (15). Thus, impairments in
the lumbopelvic-hip rhythm of an individual when he or
she performs such activities may lead to LBP. Therefore,
accurate evaluation of the lumbopelvic-hip movement
patterns in people with nonspecific CLBP when they do
these activities could be a key in revealing the cause of the
problem. In addition, feeling pain in the lumbar spine re-
gion has always been reported by those with nonspecific
CLBP when they performed such tasks. Thus, evaluation
of the lumbar spine and hips in people with LBP and dur-
ing SiToSt and StToSi activities was the focus of interest
to some researchers in their studies (15-17). Nevertheless,
several gaps have highlighted the need for further studies.

For example, although the movement of lumbopelvic-
hip complex in people with CLBP has been evaluated
during SiToSt or StToSi activities in some studies (16,
17), examination was limited only to the sagittal plane.
Therefore, in the first step it was decided to examine peo-
ple with CLBP during SiToSt and StToSi activities in the
3 planes of motion. In addition, it should be considered
that CLBP is a heterogeneous group of patients with LBP,
which should be placed in more homogeneous subgroups
(8, 13, 18-20) and then compared with healthy people,
which has been neglected so far in the previous studies
(16, 17). The recent studies have also revealed patients
with CLBP are a group of heterogeneous patients with
dissimilar movement behaviors (8, 13, 21). Hence, con-
sidering the type of movement-based LBP subgroup is an
important step when evaluating the lumbar spine and hip
joints kinematics during SiToSt and StToSi. Therefore, we
aimed to examine a homogeneous group of patients with
CLBP who seemed to be more abundant in our society
based on a valid and standard approach.

During the recent years, some authors have made an at-
tempt to present advisable models of subgrouping for pa-
tients with LBP. One of these models, which has attracted
the attention of various researchers, is the movement im-
pairment system (MSI) model. This valid model subgroup
of patients with LBP in 5 distinct subdivisions is based on
the directions of the lumbar spine and is associated with
LBP symptoms (22). One subgroup of the MSI model is
flexion+rotation (F+R) syndrome subgroup. Patients with
F+R syndrome subgroup are a common movement based
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LBP subgroup among patients with LBP (9). Also, in clin-
ical conditions, we encounter a significant number of pa-
tients with low back pain who are in the F + R subgroup,
and reporting low back pain symptoms during StToSi ac-
tivities and vice versa is one of their main complaints.
Therefore, this subgroup of patients were considered as
the target of the study.

Overall, in the present study, we aimed to compare the
movement pattern of lumbopelvic-hip complex in patients
with lumbar F+R syndrome and healthy people during
SiToSt and StToSi tests.

Methods

Participants

A total of 40 individuals (20 males with LBP and 20
males without LBP) aged 20-50 years participated in this
cross-sectional observational study. The patients were
individuals who (1) had nonspecific LBP on examination,
performed by a physician, (2) had LBP symptoms more
than the past 3 months, and (3) were placed in F+R sub-
group of patients with lumbar spine pain syndrome based
on the findings from a standardized examination (9, 23).
The examination included taking history and physical
examination. In taking the history, we focused on activi-
ties and positions that were related to LBP. Moreover,
examination included primary and secondary tests. During
the primary test, the participant assumed a position or re-
quested to perform a movement. When the primary test
provoked pain, a secondary test was done with a modified
movement pattern that limited lumbar flexion and rota-
tion/side flexion to examine whether the pain decreased or
was eliminated. The tests for patients with lumbar F+R
syndrome were considered positive if (1) lumbar spine
tended to be flexed and rotated/side flexed relative to neu-
tral, (2) lumbar spine tended to move toward the direction
of flexion and rotation/side flexion during movements of
the trunk or limbs, (3) pain was provoked or increased
with the lumbar spine positioned in or moved into flexion
and rotation/side flexion, and (4) pain decreased or elimi-
nated with corrective strategies that restricted the lumbar
spine flexion and rotation/side flexion. The principles to
evaluate and diagnose subgroups were based on the model
introduced by the movement system impairment model
(19, 22, 24). In addition, the healthy participants with no
clinical evidence of LBP were recruited from among the
staff and students at Isfahan University of Medical Sci-
ences.

Participants were excluded from the study if they had
any neurological and rheumatological condition, leg
length discrepancy, previous spinal or lower extremities
surgery, degenerative joint disease in the lower limbs,
obvious scoliosis or kyphosis deformity in the spine, and
history of radiculopathy. For this purpose, a physician
assessed the participants.

Prior to the conducting the study, ethical approval was
obtained from Shahid Beheshti University of Medical
Sciences (IR, SBMU.RETECH and REC.1395.365), and
all the participants signed the written informed consent.
Table 1 shows the participants’ characteristic information.
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Table 1. Participant Characteristics and demographic information

Patient Healthy 95% confidence interval of the difference P value
Variable N=20 N=20 Lower Upper
Mean (SD) Mean (SD)

Age (yr.) 27.75 (7.59) 24.42 (2.87) -7.08 0.42 0.080
Height (M) 1.74 (0.05) 1.78 (0.06) 0.74 7.16 0.109
Weight (kg) 74.8 (5.6) 73.9 (8.9) -5.78 4.07 0.726
Body Mass Index (BMI) 24.5(2.49) 23.25(0.02) -2.72 0.21 0.094
Baecke score 7.36 (1.34) 8.38 (1.69) -2.72 0.21 0.045
Oswestry disability index score 16.1 (8.29) NA NA NA NA
Duration of pain (month) 19.5 (16.8) NA NA NA NA

Significant value was identified with bold value.

Procedures

Self-reporting Questionnaire: All of the participants
completed (1) a questionnaire on demographics and LBP
history and (2) the Persian version of Baecke habitual
physical activities questionnaire for identifying partici-
pants’ level of physical activity. Its validity and reliability
in measuring physical activities in Persian individuals
have been determined previously (25). The patients were
also asked to complete (1) a visual analog scale question-
naire, which demonstrates pain intensity as well as (2) the
Persian version of Oswestry indexing questionnaire,
which indicates LBP related level of disability (26). In-
formation on the questionnaires is presented in Table 1.

Specific Test: Participants performed SiToSt and StToSi
tests. To do so, they were asked to sit on a chair with no
armrest or backrest. The chair was adjusted to each partic-
ipant’s height so that the knees were placed in 90° of flex-
ion. The upper limbs rested freely on the sides of the body
and the legs were shoulder-width apart. Participants were
asked to rise freely with self-selected and comfortable
speed and then maintain in erect posture for 3 seconds.
Then, they were asked to sit on the chair at their own con-
venient speed. The tests were repeated in 3 trials with 30-
second rests between the trials. Figure 1 shows the se-

quences of a sample test.

Data Recording and Processing: A 7-camera, 3-
dimensional motion measurement system (Qualisys,
Gothenburg, Sweden), located in the Rehabilitation Facul-
ty of Isfahan University of Medical Sciences, was used to
examine the kinematics of lumbar spine and hip joints
during the tests. Retroreflective markers were placed on
anatomical landmarks of the foot, leg, knee, thigh, pelvic,
and spine as previously predetermined. The kinematic
data recordings were performed at a sample rate of 120
Hz. After data collection, all data were filtered using a
Butterworth filter with a cutoff frequency of 2.5 Hz.

During processing the data, initially, the start and end
points of the motion of the tests were determined using a
method employed in previous studies (16, 27). Each test
began with concurrent flexion of the lumbar spine and hip
joints (flexion phase) and continued to end with extension
phase. The start of movement for each test was defined as
a point of motion when the combined angle of hip and
lumbar spine flexion changed 5° and reached 7% of its
maximum velocity in that test, and the end point of
movement for each test was identified when the combined
angle of lumbar spine and hip extension reached 99.5% of
the maximum angle in that test.

Fig. 1. Sequences of movement performance of the tests.
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Then, peak flexion angles, displacements, and mean an-
gular velocities of the lumbar spine and both hips were
calculated during the flexion phases of SiToSt and StToSi
tests. In addition, mean angular velocities of the lumbar
spine and both hips were calculated during the extension
phases of SiToSt and StToSi tests. Furthermore, the
amount of maximum side bending and abduc-
tion/adduction of the lumbar spine and hips were calculat-
ed during each test. Moreover, maximum excursions of
the segments were computed in the transverse plane for
each test. Movement time was calculated as the duration
between the start and end point of the test. Furthermore,
the ratios of the lumbar spine to the dominant hip
(LS/DH) and the lumbar spine to nondominant hip
(LS/NDH) were computed for flexion and extension phas-
es of the tests. These ratios are used to describe the rela-
tive contribution of the pairs’ segments throughout the
test.

Furthermore, the intraclass correlation coefficient (ICC)
and standard error of the measurement (SEM) were used
to index reliability. The values for each test, for SiToSt
task, were found to be acceptable and reliable (Table 2).

The kinematics values for the tests and lumbar and hip
joints are reported in Tables 3, 4, and 5. Figure 2 shows
the angles for lumbar spine and hip joint of a sample case
in 3 planes of motion when a participant does the tests.

Statistical Analysis

For statistical analyses, SPSS, version 20, was used. Ini-
tially, normal distribution of the data was examined using
Kolmogorov-Smirnov (K-S) test. After ensuring about the
normality of distribution, independent sample t test was
used to examine the differences between the groups (16).
Significant level was set at p<0.05.

Results

Participant Characteristics

The results of the statistical analyses demonstrated that
the mean values of participants’ age, BMI, weight, and
height were not significantly different between the 2
groups (p>0.05) (Table 1), but healthy individuals had a
greater level of physical activity compared to the patient
group (p=0.045) (Table 1).

Table 2. Mean, standard deviation (SD), intra-trial reliability interclass correlation coefficient (ICC) and standard error of the measurement (SEM)

during SiToSt test

First management Second measurement Third measurement ICC

Variable (degree) N=12 N=12 N=12
Mean (SD) SEM Mean (SD) SEM Mean (SD) SEM

Lumbar flexion 8.21 (3.46) 1.1 7.04 (4.1) 1.3 8.65 (5.33) 1.6 0.882
Lumbar extension 24.59 (8.46) 2.6 23.8(9.1) 2.8 23.97 (11.06) 3.4 0.959
Lumbar lateral flexion 3.81(1.78) 0.5 3.41(1.47) 0.4 3.36 (1.9) 0.6 0.927
Lumbar rotation 2.66 (1.78) 0.5 2.74 (1.64) 0.5 291 (1.62) 0.5 0.980
Hip flexion 31 (5.62) 1.6 30 (5.67) 1.7 29.7 (5.77) 1.6 0.902
Hip extension 75.16 (5.95) 1.7 74 (6.53) 1.8 75.45 (6.86) 1.6 0.950
Hip adduction 7.6 (5.66) 1.8 7.38 (4.51) 1.4 7.5 (4.85) 1.5 0.980
Hip rotation 9(5.71) 1.8 8.35 (4.8) 1.5 8.7 (5.15) 1.6 0.984

Table 3. Amount of the sagittal ranges and velocities of the hips and the lumbar spine during sit-to-stand and stand-to-sit tests and also time spent to

perform the tests

Tests
Region Groups Sit to stand Stand to sit
Variable Mean (SD) Mean (SD)
Flexion phase Extension phase Flexion phase Extension phase
Lumbar Patients 9.85(5.48) 25.52 (9.05) 23.03 (8.38) 8.62 (4.25)
healthy 6.55 (3.65) 21.83 (7.19) 19.68 (6.9) 5.05 (4.28)
P=0.037 P=0.173 P=0.189 P=0.014
Range of Dominant hip Patients 32.15(10.23) 81.78 (11.5) 82.31(14.38) 32.57(9.37)
excursion healthy 32.05 (6.83) 81.63 (11.91) 80.36 (11.93) 31.73 (7.5)
(degree) P=0.970 P=0.967 P=0.653 P=0.762
Non-dominant hip Patients 31.89 (10.57) 82.1(12.32) 80.47 (11.94) 32.1(8.88)
healthy 31.78 (7.76) 83.63 (10.82) 78.42 (18.8) 34.3 (12.32)
P=0.972 P=0.688 P=0.691 P=0.530
Lumbar Patients 10.59 (5.71) 22 (10.56) 19.87 (7.85) 5.92 (4.23)
healthy 9.84 (5.37) 18.39 (5.75) 17.9 (6.21) 7.67 (5.1)
P=0.676 P=0.192 P=0.390 P=0.251
Velocity Dominant hip Patients 37.07 (10) 68.35 (14.66) 72.43 (17.45) 35.08 (10)
(degree/second) healthy 47.35(12.37) 70 (13.68) 75.12 (22.61) 30(10.38)
P=0.007 P=0.706 P=0.679 P=0.131
Non-dominant hip Patients 36.97 (10.57) 68.68 (14.17) 70.23 (21.27) 37.84 (14.54)
healthy 46.93 (13.11) 71.51 (12.71) 73.97 (21.66) 29.67 (9.5)
P=0.014 P=0.517 P=0.589 P=0.068
Time Patients 2.2 (0.46) 2.3(0.51)
(second) healthy 1.8 (0.18) 2(0.31)
0.01 0.04
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Sit to Stand

During SiToSt, in sagittal plane, hips and lumbar spine
were firstly moved in flexion direction concurrently. The
maximum angular displacements of lumbar spine, the
dominant, and the nondominant hips in this phase of the
test were 6.55°, 32.05°, and 31.78°, respectively, in the
healthy group. Also, the obtained values for lumbar spine,
dominant, and nondominant hips flexion for the patients in
the flexion phase of SiToSt test were 9.85°, 32.15°, and
31.89°, respectively. Based on the results of statistical
analyses, patients demonstrated greater magnitude of lum-
bar spine flexion during SiToSt task (p=0.037) (Table 3).

The second phase of SiToSt task is the extension phase,
which begins soon after the loss of contact between the
thighs and the chair. During this phase, lumbar spine and
hips, which were in flexion, move in extension direction
to the point that the individual could stand in upright posi-
tion. The mean values of extension of lumbar spine, dom-
inant, and nondominant hips in the participants with LBP
were 6.5°, 32.05°, and 31.78°, and the mean values of the
lumbar spine, dominant, and nondominant hips motions in
extension direction for those without LBP were 9.85°,
32.15°, and 31.89°, respectively. With regards to hips and
lumbar spine extension motion, no significant difference
was observed between the groups during SiToSt task
(p>0.05) (Table 3).

As shown in Table 4, during SiToSt activity, the lumbar
spine displayed side flexion toward the dominant side and
rotation to nondominant side. The value obtained for the
maximum lumbar side flexion was not significantly dif-
ferent between the groups (p=0.631), but the patients
group demonstrated a greater magnitude of lumbar rota-

tion during SiToSt test (p<0.001).

According to the data obtained in Table 4, by perform-
ing SiToSt, from the moment of initiation up to the com-
pletion of the test, hip joints displayed adduction and in-
ternal rotation motions. The values obtained for the mo-
tions were not significantly different between the groups
(p>0.05).

Moreover, the velocities of the movements during flex-
ion phase of SiToSt significantly decreased for those with
LBP when compared with those of the individuals without
LBP (p<0.05). However, the velocities of the hips’
movements during the extension phase of the test and ve-
locities of the lumbar spine flexion and extension in the
both tests were not found to be significantly different be-
tween the 2 groups (p >0.05) (Table 3).

For the patients and healthy group, the mean of the time
to stand up from sitting position at a comfortable speed
were 2.2 and 1.8 seconds, respectively, and the results of
statistical analysis revealed that the difference between the
2 groups was significant (p=0.010) (Table 3).

During SiToSt, the mean ratios of lumbar/hip move-
ments for the group with LBP were greater than those for
the group without LBP although the difference was not
statistically significant (p>0.05) (Table 5).

Stand to Sit

During StToSi, the movement patterns mirror was ob-
served to take place for SiToSt, so that in sagittal plane
hips and lumbar spine flex until thigh-seat contact oc-
curred and then extended to the point that the participant
sat upright. The flexion range of lumbar spine, dominant,
and nondominant hips were 19.68°, 80.36°, and 78.42°,

Table 4. Range of excursion (degree) of the lumbopelvic-hips segments in the frontal and horizontal planes during the tests

Tests
Sit to stand Stand to sit
Region Groups Mean (SD) Mean (SD)
Frontal plane Horizontal plane Frontal plane Horizontal plane
Lumbar Patients 4.08 (1.32) 3.69 (1.57) 4.42(2.44) 3.48 (1.37)
healthy 3.8(2.18) 2.18(1.18) 3.6 (2.42) 2.73 (1.51)
P=0.631 P=0.000 P=0.312 P=0.126
Dominant hip Patients 8.3 (5.5) 10.3 (5.04) 8.3 (4.35) 6.95 (5.5)
healthy 6(2.6) 10.83 (3.09) 6 (2.65) 10.66 (2.99)
P=0.068 P=0.694 P=0.056 P=0.617
Non-dominant hip Patients 7.45 (4.03) 11.35(5.37) 7.15 (3.51) 11.3 (5.86)
healthy 6.94 (3.55) 11.66 (4.69) 7.38 (2.89) 11.11 (4.33)
P=0.684 P=0.847 P=0.822 P=0.910
Table 5. Movement ratios for the lumbar to the hip joints during the tests
Test Phase of the test Variable Patients Healthy P value
Mean (SD) Mean (SD)
Sit to stand Flexion LYDH" 0.31(0.2) 0.22 (0.11) 0.101
L/NDH°® 0.32(0.21) 0.22 (0.13) 0.124
Extension L/DH 0.3 (0.1) 0.28 (0.11) 0.551
L/NDH 0.31(0.1) 0.27 (0.1) 0.355
Stand to sit Flexion L/DH 0.28 (0.1) 0.26 (0.1) 0.585
L/NDH 0.28 (0.1) 0.28 (0.14) 0.982
Extension L/DH 0.26 (0.14) 0.18 (0.14) 0.101
L/NDH 0.27 (0.15) 0.18 (0.14) 0.078
*Lumbar
° Dominant Hip
“Non-Dominant Hip
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Fig. 2. Graphs of a sample lumbar (A) and Hip (B) movements in the sagittal (—), frontal (——) and horizontal (——) planes.

respectively, in healthy people, and 23.03°, 82.31°, and
80.47°, in the LBP people, in that order (Table 3). The
data exhibited slightly more flexion motion of the seg-
ments in the patients with LBP, but the differences be-
tween the groups were not significant (p>0.05).

In the extension phase of StToSi, the values obtained for
extension motion of lumbar spine, right hip, and left hip in
participants with LBP were 8.62°, 32.57°, and 32.10°,
respectively (Table 3). The mean values of lumbar spine,
right hip, and left hip motion for the participants without
LBP were 5.05°, 31.73°, and 34.31°, respectively, during
extension phase of the test (Table 3). Based on the results,
the group with LBP exhibited significantly more lumbar
motion during extension phase of the StToSi test
(p=0.014) (Table 3).

As data analysis revealed considering the velocities of
the segments during the StToSi, no difference was ob-
served between the groups (p>0.05) (Table 3).

In the horizontal plane based on Table 4, initially lum-
bar spine rotated toward the nondominant limb from the
starting point of the test until the initiation of extension
phase and then returned to the primary state. Although the
maximum range of lumbar rotation in the patient group
was more than that in the healthy group, the difference
was not found to be significant (p=0.126) (Table 4). Dur-
ing the test, hips exhibited external rotation. The mean
values of the hips’ rotation were not different between the
groups (p=0.617 for dominant hip and p=0.910 for non-
dominant hip) (Table 4). In the frontal plane, the lumbar
spine moved toward the nondominate limb and hips ex-
hibited abduction. No difference was observed in the max-
imum lumbar side flexion and hip abduction between the
groups (p>0.05).

Furthermore, the mean of the time from standing posit-
ing to sitting position in the patients was 2.3 seconds,
while participants without LBP performed the StToSi in 2
seconds (Table 2). Therefore, duration of StToSi in the
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patients was significantly longer than that in the healthy
participants (p=0.040) (Table 2).

In addition, the ratios of lumbar/hip motion in the sagit-
tal plane for the patients were slightly more, but the dif-
ferences were not statistically significant (p>0.05) (Table
5).

Discussion

Low back pain is a common and prevalent musculoskel-
etal disorder among different human societies (4, 28, 29),
and movement impairment related to lumbopelvic-hip
complex has been proposed as a potent mechanical risk
factor in occurrence and persistence of LBP symptoms
(30, 31). SiToSt and StToSi are 2 important activities in-
dividuals frequently perform during their daily life (32).

Performing these activities depends on adequate hip-
lumbopelvic interaction and coordination. It was clinically
observed that a significant number of patients with low
back pain, especially those who have lumbar F+R syn-
drome, reported LBP during SiToSt or StToSi activities.
Based on our literature review, to date, no study has ex-
amined movement of lumbopelvic-hip complex in patients
with lumbar F+R syndrome during SiToSt or StToSi ac-
tivities. Hence, the present study aimed to compare the
movement pattern of lumbopelvic-hip complex in individ-
vals with lumbar F+R syndrome and those without LBP
during SiToSt and StToSi tasks.

Kinematics data have the acceptable levels of reliability
in the sessions of measurements. Therefore, the results of
the test-retest reliability of this study are consistent with
those obtained by Tully et al and Pourahmadi et al studies
(16, 33). However, it seems necessary to assess interses-
sion and interexaminer reliability of the data in transverse
and frontal planes in future studies because in previous
studies the assessment was limited to sagittal plane.
Moreover, validity of the method used in this study must
be investigated in futures studies.
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Analysis of lumbar spine kinematics revealed that pa-
tients with lumbar F+R syndrome exhibited a greater
range of lumbar flexion and extension during SiToSt and
StToSi activities, respectively. Although the differences in
the ranges of lumbar extension and flexion during SiToSt
and StToSi were not significant between the groups, the
mean values for the patients were to some extent greater.
Thus, the results of this study demonstrated that patients
with lumbar F+R had greater tendency of lumbar spine
motion in sagittal plane compared to that of the individu-
als without LBP.

In a kinematic study performed by kim et al consistent
results were obtained (34). They observed that patients
with lumbar F+R syndrome have higher tendency of lum-
bar spine flexion during forward bending compared to
healthy people. Similar results were also observed in
Sadeghisani et al study (9). In their study, it was demon-
strated that patients with F+R syndrome exhibited a great-
er magnitude of lumbar spine flexion during straight leg
rising test compared to individuals who did not have LBP.
Based on the evidence, the authors stated that that increase
in the range of lumbar motion in patients with F+R syn-
drome may be related to the symptom (9, 34). Excessive
lumbar motion in patients with LBP, in comparison to
individuals without LBP, was also reported in other inves-
tigations (30, 35). The researchers of these studies had
similar belief that lumbar spine motion abnormality in the
form of the increase in the amount of motion could be a
risk factor for LBP.

We also believe that greater tendency of lumbar spine
for motion in sagittal plane and during SiToSt and StToSi
activities could be associated with excessive loads applied
on the lumbar spine, which is probably associated with
soft tissue injury and eventually LBP symptoms in pa-
tients with F+R syndrome (36). Therefore, correcting
strategies together with encouragement to limiting sagittal
lumbopelvic motion during daily tasks may be recom-
mended for the patients with F+R syndrome. Findings
from the previous clinical studies also revealed that cor-
recting strategies with emphasis on decreasing lumbopel-
vic motion proved to have positive results (24, 36, 37);
however, more studies are needed to prove this hypothe-
sis in patients with lumbar F+R syndrome.

One important finding of this study was related to the
kinematic of lumbopelvic in transvers plane. In previous
studies in which lumbopelvic-hip movement pattern was
assessed during SiToSt (15-17, 33, 38), it was reported
that kinematics data were limited only to sagittal plane.
However, we examined the lumbar spine and hips in sagit-
tal, frontal, and horizontal planes. As the results of the
present study indicated, patients with lumbar F+R exhibit-
ed a greater and statistically significant rotation during
SiToSt task compared to healthy individuals. Excessive
lumbopelvic rotation was also observed in other people
with LBP and was proposed as a contributing risk factor,
which may lead to LBP (12, 39, 40). This kind of move-
ment pattern in patients with lumbar F+R syndrome must
be considered as an important feature in patients with
lumbar F+R subgroup, and attempts should be made to
correct this impairment in these individuals. Since most

diagnostic and therapeutic procedures are focused on lum-
bopelvic movements in sagittal plane, movement impair-
ments of lumbar spine in other planes are often neglected
that could be associated with symptoms lasting in the pa-
tients. Our findings emphasize the importance of lumbar
spine movement patterns evaluation in all 3 planes of mo-
tion, especially in patients with lumbar F+R syndrome.

Due to close anatomical and biomechanical links be-
tween the hip joints and lumbar spine, any impairment in
each segment could be associated with impairment in the
other segment (11, 41). Thus, some researchers believe
that a greater tendency of motion in the lumbar spine
could be due to a less tendency of motion in the hip joints
(11, 12, 22, 42). Based on this hypothesis, limited hip mo-
tion in a specific direction would be compensated by lum-
bar spine motion in that direction, which eventually may
lead to LBP (11, 43). Similar to this hypothesis, some
investigators demonstrated that limited hip range of mo-
tion were associated with LBP (35, 44). However, the
results of our study demonstrated no significant differ-
ences between the groups with regards to hips range of
motion in 3 planes of movement. Therefore, the results of
this part of the study were not consistent with those re-
ported in previous studies. Nevertheless, in other sub-
groups of LBP and in patients with a higher level of pain
or disability or during performing other activities other
results may be obtained.

In this study, the ratios of the total movements of the
lumbar spine to those of the dominant hip and to the non-
dominant hip were determined in the sagittal plane. These
variables provide kinematic indexes based on which the
relative contributions of the joint pairs throughout the
range of movements could be described (15). High values
of this ratio indicate more relative cooperation of the lum-
bar spine and lower values of this ratio indicate lower
relative involvement of the lumbar spine.. Findings of the
present study showed although the differences in the mean
values of the ratios were not significant, the mean values
in the patients were slightly more than those in the partici-
pants without LBP. Therefore, in the patients with lumbar
F+R syndrome, lumbar spine contributed more to total
movements. Further investigations are needed to examine
these ratios in other groups of patients with higher level of
pain and disability and also other subgroups of patients
based on movement impairment directions.

The mean time of SiToSt and StToSi obtained for the
patients was 2.2+0.46 and 2.3+0.51 seconds, which were
significantly longer than those obtained for the healthy
group. Based on the literature, performing the tests by the
2 groups were slower compared to other studies per-
formed on healthy participants who performed SiToSt (32,
45, 46). Since previous researchers used different starting
foot and arm positions and, particularly, different identifi-
cations for the initiation and termination of the test, it
would be difficult to compare durations of the tests be-
tween different investigations. However, in a study com-
paring SiToSt and StToSi durations between patients with
LBP and people without LBP, patients were observed to
do the tests more slowly (15).

There are some limitations related to the current study.
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First, the study patients included F+R related LBP. How-
ever, it is unclear whether similar results are seen in other
subgroups of low back pain whose symptoms of low back
pain are related to extension or rotation patterns.Second,
in this study patients with low level of pain and disability
were included. Further studies may investigate lumbopel-
vic-hip kinematics in patients with higher intensity of pain
and level of disability. Third, our study analyzed only
SiToSt and StToSi tasks in patients with lumbar F+R syn-
drome, and more studies into activities of daily living such
as squat, lifting an object, etc., are needed to examine
lumbopelvic-hip movement patterns of the patients.
Fourth, in this study, all participants were male and gender
differences in lumbopelvic-hip kinematics during SiToSt
and StToSi tasks were not investigated. Finally, the pre-
sent study was limited to kinematics analysis and we did
not measure kinetic variables. More studies should be
performed to investigate kinetic variables, such as loads or
moments of the trunk during SiToSt and StToSi tasks.

Based on the data obtained in the study, we must train
the patients with lumbar F+R to decrease their lumbar
spine to move in sagittal plane during flexion and exten-
sion phase of the SiToSt and StToSi activates, respective-
ly. In addition, they must instruct to limit their lumbar
rotation during SiToSt activities. These recommendations
could be employed by the patients also during performing
other habitual activities.

Conclusion

The kinematic parameters changes showed patients with
lumbar F+R syndrome demonstrated more lumbar motion
tendency in sagittal plane than the participants without
LBP during SiToSt and StToSi activities. In addition, the
patients group exhibited a greater range of lumbar rotation
during SiToSt test. However, with regards to hips motions
during the tests, no difference was observed between the
patients with lumbar F+R syndrome and healthy partici-
pants. Finally, durations of performing SiToSt and StToSi
in the patients, compared with the healthy group, were
significantly longer.

Acknowledgment

We would like to thank Shahid Beheshti University of
Medical Sciences and all who took part in this study. We
also would like to thank Dr Abbas Rahimi for his com-
ments and helps during the study.

Conflict of Interests
The authors declare that they have no competing interests.

References

1.Hoy D, Brooks P, Blyth F, Buchbinder R.The epidemiology of low
back pain. Best Pract Res Clin Rheumatol. 2010;24(6):769-781.

2. Andersson GB. Epidemiology of low back pain. Acta Orthop Scand.
1998. 69(sup281): p. 28-31.

3.Kelsey JL, White 3rd A. Epidemiology and impact of low-back pain.
Spine. 1979. 5(2): p. 133-142.

4.Krismer M, Van Tulder M. Van Tulder, Low back pain (non-specific).
Best Pract Res Clin Rheumatol. 2007. 21(1): p. 77-91.

5.Adams MB, N.; Burton, K.; Dolan, P. The Biomechanics of Back
Pain. 2002, Edinburgh,England: Churchill Livingstone.

3 http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2021 (13 Dec); 35:165.

6.Sadeghisani M,Shaterzadeh MJ, Karimi MT, Rafiei AR, Salehi R.
pain, disability, fear-avoidance and habitual physical activity in
subjects with low back pain with and without trunk and hips rotational
demand sport activities. journal of research in rehabilitation sciences.
2013.9(7): p. 1213-1221.

7.Diamond S, Borenstein D. Chronic low back pain in a working-age
adult. Best Pract Res Clin Rheumatol. 2006. 20(4): p. 707-20.

8.Sadeghisani M, Namnik N, Karimi MT, Rafiei AR, Manshadi FD,
Eivazi M, et al. Evaluation of differences between two groups of low
back pain patients with and without rotational demand activities based
on hip and lumbopelvic movement patterns. Ortop Traumatol Rehabil.
2015. 17(1): p. 51-7.

9.Sadeghisani M, Rezvani M, Rahmani P, Tabesh H, Nikouei F.
Examining the lumbopelvic-hip movement pattern in a subgroup of
patients with low back pain during the active straight leg raise test. J
Res Med Dent Sci. 2017. 5(3): p. 4-10.

10. Gombatto SP, Collins DR, Sahrmann SA, Engsberg JR, Van Dillen
LR. Gender differences in pattern of hip and lumbopelvic rotation in
people with low back pain. Clin Biomech (Bristol, Avon). 2006.
21(3): p. 263-71.

11. Sadeghisani M, Manshadi FD, Kalantari KK, Rahimi A, Namnik N,
Karimi MT, et al. Correlation between Hip Rotation Range-of-Motion
Impairment and Low Back Pain. A Literature Review. Ortop
Traumatol Rehabil. 2015. 17(5): p. 455-62.

12. SadeghisaniM, Manshadi FD, Khademi K, Rahimi A, Rafiei AR,
Asnaashari A, et al., A Comparison Of The Lumbopelvic-Hip
Complex Movement Patterns In People With And Without Non-
Specific Low Back Pain During An Active Hip Test. ] Mech Med
Biol. 2016: p. 1750004.

13. Sadeghisani M, Shaterzadeh MJ, Karimi MT, Fatoye F, Akbari M,
Dehghan M, et al. Kinematic differences in lumbopelvic and hip
movement patterns during a lower limb movement test between two
groups of people with low back pain. J Mech Med Biol. 2017. 17(02):
p. 1750030.

14. Etnyre B, Thomas DQ. Thomas, Event standardization of sit-to-stand
movements. Phys Ther. 2007. 87(12): p. 1651-1666.

15. Shum GL, Crosbie J, Lee RY. Effect of low back pain on the
kinematics and joint coordination of the lumbar spine and hip during
sit-to-stand and stand-to-sit. Spine. 2005. 30(17): p. 1998-2004.

16. Pourahmadi MR, Ebrahimi Takamjani I, Jaberzadeh S, Sarrafzadeh
J, Sanjari MA, Bagheri R, et al. Test-retest reliability of sit-to-stand
and stand-to-sit analysis in people with and without chronic non-
specific low back pain. Musculoskelet Sci Pract. 2018. 35: p. 95-104.

17. Shafizadeh M. Movement coordination during sit-to-stand in low
back pain people. Human Movement. 2016. 17(2): p. 107-111.

18. O’Sullivan P. Diagnosis and classification of chronic low back pain
disorders: maladaptive movement and motor control impairments as
underlying mechanism. Man Ther. 2005. 10(4): p. 242-255.

19. Van Dillen LR, Sahrmann SA, Norton BJ, Caldwell CA, McDonnell
MK, Bloom NJ. Movement system impairment-based categories for
low back pain: stage 1 validation. J Orthop Sports Phys Ther. 2003.
33(3): p. 126-142.

20. Sadeghisani, M., et al., Kinematic differences in lumbopelvic and
hip movement patterns during a lower limb movement test between
two groups of people with low back pain. ] Mech Med Biol. 2016: p.
1750030.

21. Van Dillen LR, Gombatto SP, Collins DR, Engsberg JR, Sahrmann
SA. Symmetry of timing of hip and lumbopelvic rotation motion in 2
different subgroups of people with low back pain. Arch Phys Med
Rehabil. 2007. 88(3): p. 351-60.

22. Sahrmann S. Diagnosis and treatment of movement impairment
syndromes. 2002: Elsevier Health Sciences.

23. Sahrmann S. Diagnosis and Treatment on Movement Impairment
Syndromes. 2002, St Louis: MO:Mosby.

24. Van Dillen LR, Sahrmann SA, Wagner JM.. Sahrmann, and J.M.
Wagner, Classification, intervention, and outcomes for a person with
lumbar rotation with flexion syndrome. Phys Ther. 2005. 85(4): p.
336-51.

25. Sadeghisani M, Manshadi FD, Azimi H, Montazeri A. Validity and
Reliability of the Persian Version of Baecke Habitual Physical
Activity Questionnaire in Healthy Subjects. Asian J Sports Med. 2016.
7(3).

26. Mousavi SJ, Parnianpour M, Mehdian H, Montazeri A, Mobini B.
The Oswestry disability index, the Roland-Morris disability
questionnaire, and the Quebec back pain disability scale: translation



M. Sadeghisani, et al.

and validation studies of the Iranian versions. Spine. 2006. 31(14): p.
E454-E459.

27. Hoffman SL, Johnson MB, Zou D, Van Dillen LR. Differences in
end-range lumbar flexion during slumped sitting and forward bending
between low back pain subgroups and genders. Man Ther. 2012.
17(2): p. 157-63.

28. Andersson GB. Epidemiological features of chronic low-back pain.
Lancet, 1999. 354(9178): p. 581-5.

29. Waddell G. Biopsychosocial analysis of low back pain. Baillieres
Clin Rheumatol. 1992. 6(3): p. 523-557.

30. Scholtes SA, Gombatto SP, Van Dillen LR. Gombatto, and L.R. Van
Dillen, Differences in lumbopelvic motion between people with and
people without low back pain during two lower limb movement tests.
Clin Biomech (Bristol, Avon). 2009. 24(1): p. 7-12.

31. Sung PS. A compensation of angular displacements of the hip joints
and lumbosacral spine between subjects with and without idiopathic
low back pain during squatting. J Electromyogr Kinesiol. 2013. 23(3):
p. 741-745.

32. Nuzik S, Lamb R, VanSant A, Hirt S. Sit-to-stand movement pattern.
Phys Ther. 1986. 66(11): p. 1708-1713.

33. Tully EA, Fotoohabadi MR, Galea MP. Fotoohabadi, and M.P.
Galea, Sagittal spine and lower limb movement during sit-to-stand in
healthy young subjects. Gait Posture. 2005. 22(4): p. 338-345.

34. Kim M-h, Yi C-h, Kwon O-y, Cho S-h, Cynn H-s, Kim Y-h, et al.
Comparison of lumbopelvic rthythm and flexion-relaxation response
between 2 different low back pain subtypes. Spine. 2013. 38(15): p.
1260-1267.

35. Kim S-h, Kwon O-y, Yi C-h, Cynn H-s, Ha S-m, Park K-n.
Lumbopelvic motion during seated hip flexion in subjects with low-
back pain accompanying limited hip flexion. Eur Spine J. 2014. 23(1):
p. 142-148.

36. Van Dillen LR, Sahrmann SA, Norton BJ, Caldwell CA, McDonnell
MK, Bloom N. The effect of modifying patient-preferred spinal
movement and alignment during symptom testing in patients with low
back pain: a preliminary report. Arch Phys Med Rehabil. 2003. 84(3):
p. 313-322.

37. Van Dillen LR, Maluf KS, Sahrmann SA. Further examination of
modifying patient-preferred movement and alignment strategies in
patients with low back pain during symptomatic tests. Man Ther.
2009. 14(1): p. 52-60.

38. Kuo Y-L, Tully EA, Galea MP. Kinematics of sagittal spine and
lower limb movement in healthy older adults during sit-to-stand from
two seat heights. Spine. 2010. 35(1): p. E1-E7.

39. Kim M-h, Yoo W-g, Choi B-r. Differences between two subgroups
of low back pain patients in lumbopelvic rotation and symmetry in the
erector spinae and hamstring muscles during trunk flexion when
standing. J Electromyogr Kinesiol. 2013. 23(2): p. 387-393.

40. Kim S-h, Kwon O-y, Park K-n, Kim M-H. Comparison of erector
spinaec and hamstring muscle activities and lumbar motion during
standing knee flexion in subjects with and without lumbar extension
rotation syndrome. J Electromyogr Kinesiol. 2013. 23(6): p. 1311-
1316.

41 Liebenson C. Hip dysfunction and back pain. J Bodyw Mov Ther.
2007. 11(2): p. 111-115.

42. Van Dillen LR, Sahrmann SA, Norton BJ, Caldwell CA, Fleming D,
McDonnell MK, et al. Effect of active limb movements on symptoms
in patients with low back pain. J Orthop Sports Phys Ther. 2001.
31(8): p. 402-418.

43. Sadeghisani M, Shaterzadeh MJ, Karimi MT, Rafiei AR.
Lumbopelvic movement pattern differences in two groups of low back
pain subjects with and without rotational activities during active hip
external rotation test. Journal of Research in Rehabilitation Sciences,
2013.9(7): p. 1200-1212.

44 Ellison JB, Rose SJ, Sahrmann SA. Rose, and S.A. Sahrmann,
Patterns of hip rotation range of motion: a comparison between
healthy subjects and patients with low back pain. Phys Ther. 1990.
70(9): p. 537-41.

45. Galli M, Crivellini M, Sibella F, Montesano A, Bertocco P, Parisio
C. Sit-to-stand movement analysis in obese subjects. Int J Obes. 2000.
24(11): p. 1488.

46. Papa E, Cappozzo A. Sit-to-stand motor strategies investigated in
able-bodied young and elderly subjects. J Biomech. 2000. 33(9): p.
1113-1122.

http://mjiri.iums.ac.ir 9
Med J Islam Repub Iran. 2021 (13 Dec); 35.165.




