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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 

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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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 
 
Variable (degree) 

First management 
N=12 

Second measurement 
N=12 

Third measurement 
N=12 

ICC 

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 2.91 (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 
 
 
Variable 

 
Region 

 
Groups 

Tests 
Sit to stand 
Mean (SD) 

Stand to sit 
Mean (SD) 

Flexion phase Extension phase Flexion phase Extension phase 

Range of  
excursion  
(degree) 

Lumbar Patients 
healthy 

9.85 (5.48) 
6.55 (3.65) 

25.52 (9.05) 
21.83 (7.19) 

23.03 (8.38) 
19.68 (6.9) 

8.62 (4.25) 
5.05 (4.28) 

  P=0.037 P=0.173 P=0.189 P=0.014 
Dominant  hip Patients 

healthy 
32.15 (10.23) 
32.05 (6.83) 

81.78 (11.5) 
81.63 (11.91) 

82.31 (14.38) 
80.36 (11.93) 

32.57 (9.37) 
31.73 (7.5) 

  P=0.970 P=0.967 P=0.653 P=0.762 
Non-dominant hip Patients 

healthy 
31.89 (10.57) 
31.78 (7.76) 

82.1 (12.32) 
83.63 (10.82) 

80.47 (11.94) 
78.42 (18.8) 

32.1 (8.88) 
34.3 (12.32) 

  P=0.972 P=0.688 P=0.691 P=0.530 
       

Velocity  
(degree/second) 

Lumbar Patients 
healthy 

10.59 (5.71) 
9.84 (5.37) 

22 (10.56) 
18.39 (5.75) 

19.87 (7.85) 
17.9 (6.21) 

5.92 (4.23) 
7.67 (5.1) 

  P=0.676 P=0.192 P=0.390 P=0.251 
Dominant  hip Patients 

healthy 
37.07 (10) 

47.35 ( 12.37) 
68.35 (14.66) 

70 (13.68) 
72.43 (17.45) 
75.12 (22.61) 

35.08 (10) 
30 (10.38) 

  P=0.007 P=0.706 P=0.679 P=0.131 
Non-dominant hip Patients 

healthy 
36.97 (10.57) 
46.93 (13.11) 

68.68 (14.17) 
71.51 (12.71) 

70.23 (21.27) 
73.97 (21.66) 

37.84 (14.54) 
29.67 (9.5) 

  P=0.014 P=0.517 P=0.589 P=0.068 
 

Time  
(second) 

  
Patients 
healthy 

 
2.2 (0.46) 
1.8 (0.18) 

 
2.3 (0.51) 
2 (0.31) 

 0.01 0.04 
 



 
M. Sadeghisani, et al. 
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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 
 
Region 

 
Groups 

Sit to stand 
Mean (SD) 

Stand to sit 
Mean (SD) 

Frontal plane Horizontal plane Frontal plane Horizontal plane 
Lumbar Patients 

healthy 
4.08 (1.32) 
3.8 (2.18) 

3.69 (1.57) 
2.18 (1.18) 

4.42 (2.44) 
3.6 (2.42) 

3.48 (1.37) 
2.73 (1.51) 

  P=0.631 P=0.000 P=0.312 P=0.126 
 
Dominant  hip 

 
Patients 
healthy 

 
8.3 (5.5) 
6 (2.6) 

 
10.3 (5.04) 
10.83 (3.09) 

 
8.3 (4.35) 
6 (2.65) 

 
6.95 (5.5) 

10.66 (2.99) 
  P=0.068 P=0.694 P=0.056 P=0.617 
 
Non-dominant hip 

 
Patients 
healthy 

 
7.45 (4.03) 
6.94 (3.55) 

 
11.35 (5.37) 
11.66 (4.69) 

 
7.15 (3.51) 
7.38 (2.89) 

 
11.3 (5.86) 
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 

Mean (SD) 
Healthy 

Mean (SD) 
P value 

Sit to stand Flexion La/DHb 0.31 (0.2) 0.22 (0.11) 0.101 
L/NDHc 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 
a Lumbar 
b Dominant Hip 
c Non-Dominant Hip 
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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. 
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