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Introduction

Chronic low back pain (CLBP) is the most prevalent musculoskel-
etal disorder known as a common reason for functional disability 
and work absenteeism worldwide [1]. It affects 70% to 85% of 

people at some moment during their lifetime [2]; however, up to 85% 
of patients with LBP are classified as LBP with unknown origin or non-
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ABSTRACT
Background: Chronic low back pain (CLBP) disability has been particularly 
frustrating because its treatment has been a great therapeutic challenge. Disability has 
been suggested to depend on different factors that should be found and considered 
in the medical management. The inter-segmental coordination is often impaired in 
CLBP subjects; however, to the best of our knowledge, there is no evidence about the 
relationship between the existence of coordination problems and disability in CLBP 
patients. 
Objective: To evaluate the correlation between sagittal plane trunk-pelvis inter-
segmental coordination parameters during walking and disability level in CLBP 
patients.
Methods: Kinematic data were collected from 16 non-specific CLBP (18-40 
years) volunteers during walking. Sagittal plane time-normalized segmental angles 
and velocities were used to calculate continuous relative phase for each data point. 
Coordination parameters, mean absolute relative phase (MARP) and deviation phase 
(DP) were derived to quantify the trunk-pelvis coordination pattern and variability 
during gait cycles, respectively. The disability level was quantified through Oswestry 
Disability Index (ODI) questionnaire. Pearson correlation coefficient was used to find 
the probable correlation between coordination parameters and disability level.
Results: The analysis demonstrated a significant correlation between sagittal 
plane MARP or DP and disability level (%ODI) in CLBP subjects during walking (r= 
-0.806 P<0.001 and r= -0.856, P<0.001, respectively). 
Conclusion: This study demonstrated that the lower the MARP (more in-phase 
pattern) and DP (less variable pattern) in the CLBP subjects, the more disability 
existing in such patients. The results suggest that clinicians should look beyond pain 
management when prescribing rehabilitation for CLBP and consider interventions 
that target segmental coordination improvement to manage CLBP induced disability.
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specific LBP [3].
Disability, which affects the quality of life 

and usually leads to work loss, is defined as 
impairment induced restricted function [4]. 
CLBP induced disability continues to afflict 
patients and to stress the health and industrial 
economies. However, it has been particularly 
frustrating, and the treatment of disability has 
been a therapeutic dilemma [5]. CLBP related 
disability, a multifactorial condition [6], has 
been suggested to depend on different factors 
than solely the severity of pain [7]; therefore, 
these factors should be found and considered 
in the medical management. It has been stated 
that motor control deficiencies during walking 
may exert excessive and abnormal stresses on 
the lumbar spine, which may contribute to the 
creation or existence of CLBP and disability 
[8]. 

The coordination pattern and coordination 
variability parameters have been assumed as 
substantial features of human motion that pro-
vide important data on motor control changes 
in patients [9]. Lamoth et al. stated that coor-
dination problems are the base of many other 
locomotion problems in patients with CLBP 
[10]. On the other hand, several studies have 
shown abnormal coordination patterns and 
coordination variability in individuals with 
CLBP during dynamic motions such as gait 
[9, 11]. These studies demonstrated decreased 
trunk-pelvis inter-segmental coordination pat-
tern and coordination variability in CLBP sub-
jects during walking, the main function in hu-
man life, which could exhibit “guarded gait” 
in CLBP individuals and affect the subjects’ 
normal locomotion [9, 11]. Nonetheless, there 
is inadequate correlation between these inves-
tigative findings and clinical symptoms.

Recent advances in non-linear dynamic 
field present higher-order variables such as 
inter-segmental coordination and variability 
in contrast to lower-order variables (conven-
tional gait analysis) such as kinematic/kinetic 
assessments to better capture the underlying 

coordination dynamics in motor tasks [12, 
13]. These measures are very helpful for un-
derstanding how the neuromuscular and mus-
culoskeletal systems achieve a precise and 
smooth functional activity by organizing the 
redundant joints degrees of freedom [14]. In-
ter-segmental coordination analysis describes 
the segments spatio-temporal organization in 
relation to each other to identify movement 
patterns [15]. It is the ability to maintain accu-
rate relationships between segments to make 
a functional movement in an organized time/
sequential manner [16]. 

Based on the dynamic system theory ap-
proach, one of the techniques applied to quan-
tify the coordination pattern, is continuous 
relative phase (CRP) [17]. CRP can correlate 
with both angular position and velocity infor-
mation of two segments or joints continuously 
during the movement [18]. Moreover, CRP 
variability can quantify the variation in the 
neuromuscular system organization [19]. It 
has been stated that these parameters are more 
suitable for determining related motor control 
mechanisms in movement [20].

Since multi-segmental coordination impair-
ment often accompanies pathology that can 
affect the life quality, improvement of inter-
segment coordination has been an important 
goal in rehabilitation [11, 18]. However, to the 
best of our knowledge, there is no evidence 
about the relationship between the existence 
of coordination problems and disability in 
CLBP patients.

Therefore, the aim of this study was to find 
if there is any correlation between sagittal 
plane trunk-pelvis inter-segmental coordina-
tion parameters during free-speed walking 
and disability levels in CLBP patients. We hy-
pothesize that there is a relationship between 
trunk-pelvis coordination parameters and dis-
ability level in subjects with CLBP.

The results of this study might be helpful to 
find one of the probable factors contributing 
to disability in CLBP patients and considering 
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that in the treatment protocols to have more 
efficient and appropriate rehabilitation for dis-
ability treatment.

Material and Methods

Participants
Sixteen right-leg dominant subjects (8 

males, 8 females, age: 30.50±5.72 yrs, weight: 
66.61±10.68 kg, height: 168±8.87 cm) with 
non-specific CLBP participated in this study. 

The patients were selected from subjects re-
ferred by orthopedists with non-specific CLBP 
diagnosis to physical therapy clinics of Shiraz 
University of Medical Sciences. An expert 
physical therapist carefully assessed the sub-
jects for inclusion and exclusion criteria. The 
patients were included in this study if they 
were 18-40 years old and had a history of at 
least 3 months LBP with unknown origin [21].

The subjects were excluded if they had any 
deformity in the spines or lower limbs, tumors 
or infection, neurologic/orthopedic or sensory 
disorders, lower limbs, trunk or pelvis history 
of fractures or surgical interventions, rheuma-
toid disease, spondylolisthesis, radicular pain 
to lower limbs, balance disorders, had received 
physical therapy in the past three months and 
had taken anti-inflammatory/analgesic medi-
cine in the past 48 hours. 

The current research was conducted at the 
Rehabilitation Sciences Research Center, 
Shiraz University of Medical Sciences, Shiraz, 
Iran. A detailed explanation of the procedure 
is provided and all the participants signed an 
informed consent form approved by the uni-
versity ethics committee.

Data Collection
CLBP disability level was measured and 

quantified using a reliable and valid Persian 
version of Oswestry Disability Index (ODI) 
questionnaire [22]. The ODI questionnaire, 
which is one of the most frequently used 
tools for measuring chronic disability [23], 

is composed of 10 six-point scale questions 
(each question has a scale from 0 to 5) which 
measures LBP disability in different activities 
of daily living. CLBP patients were asked to 
mark the best answer according to their state 
in each section. Then, the scores were mea-
sured; the higher the score, the greater the dis-
ability. The final ODI score ranges from 0% 
to 100%, with 0% indicating no disability and 
100% reflecting maximum disability [24].

Kinematic data were collected using an 
eight-camera motion analysis system (Prore-
flex, Qualisys Track Manager® Ltd., Sweden) 
at a sampling rate of 100 Hz. Infrared reflective 
markers with 19 mm diameter were attached 
to the specific landmarks based on the Visual 
3D marker set-up to build a 6-degree of free-
dom model. The landmarks were as follows: 
acromions, C7 and T10 spinous processes, 
right and left upper and lower back, sternum 
(xyphoid process), highest point of iliac crests, 
anterior and posterior iliac spines and center 
of greater trochanters (Figure 1). To be able to 
detect the gait cycles, reflective markers were 
placed on the center of calcanei and the second 
metatarsal heads. 

After several practice trials, the subjects 
were asked to walk barefoot along an 8-m 
walkway at a comfortable preferred speed, 
and data were collected from 5-6 walking tri-
als (at least 20 complete gait cycles). To build 
the model, a standing static trial was captured 
prior to recording dynamic trials. The subjects 
were instructed to retain their visual contact 
with a fixed point located at the end of the 
walkway at their eye level to enhance a natu-
ral gait pattern,

Raw data were filtered with a low-pass, 
fourth order Butterworth filter with a cut-off 
frequency of 6 Hz using Visual3D motion 
analysis software (C-Motion®, Rockville, 
MD, USA). Trunk and pelvis were modelled 
as rigid segments and their segmental angels 
in the sagittal plane were calculated through 
Visual3D software.
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Inter-segmental Coordination Anal-
ysis

The events of heel strike and toe-off were 
detected by high pass algorithm (HPA) meth-
od [25]. In addition, the detected events were 
confirmed visually by the researcher for the 
plausible inaccurate detected events due to the 
lost marker data.

Inter-segmental coordination was assessed 
by the CRP technique. A custom written Mat-
lab® program, version 7.12.0 (Mathworks 
Inc., Natick, MA, USA) was utilized to calcu-
late the coordination values. 

The time series of trunk and pelvis angles 
were obtained and interpolated to 100% of 
complete gait cycle using cubic spline func-
tion. Empirical mode decomposition algo-
rithm was applied to affirm the assumption of 
applying phase portrait and dynamic system, 
which required sinusoid signals. Segmental 
angles were first decomposed into empirical 
modes and then the time series reconstructed 
with all of them except the lowest frequencies 
[26].

Segmental angular velocities in the sagit-
tal plane were extracted from the calculated 
angles using a first central difference method 
[11].

For CRP calculation, phase portraits of trunk 
and pelvis were generated by plotting each 
segments normalized angular position (θi.norm) 
against its normalized angular velocity (ωi.norm) 
[26]. 

Angular positions were normalized to a range 
between 1 and -1 with zero located on its mid-
point and angular velocities were normalized 
to the maximum absolute velocity during the 
movement; zero was assumed as zero veloc-
ity [18]. The normalizations in each gait cycle 
were done through following equations:

Horizontal axis: θi.norm = 2×[θi - min (θi)] ⁄ 
[max (θi) - min (θi)] - 1,  i= 1…100  
θi = angular position for each of the 100 in-

terpolated data points during a complete gait 
cycle.

Vertical axis: ωi.norm = ωi ⁄ max (|ωi|), 
i= 1…100
ωi = angular velocity for each of 100 interpo-

1 
 

 
Figure 1: Marker set-up used for model building
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lated data points during a complete gait cycle.
Then, the phase angles (φ) were calculated 

for each data point through the entire gait cy-
cle:
φi = tan-1 (ωi.norm ⁄ θi.norm ) (Figure 2).
Next, the CRP curve was derived for trunk–

pelvis coupling from the absolute value of the 
difference between phase angles of trunk and 
pelvis at every point during the gait cycle: 
CRPtrunk-pelvis = |φtrunk - φpelvis|

CRP values close to 0° demonstrate more 
“in-phase” motion meaning that the move-
ments of the two segments are in a similar 
fashion, and CRP values close to 180° depict-
ing more “out of-phase” motion, denoting that 
the movements of the two segments are in 
opposite fashion [27]. It should be noted that 
to avoid discontinuities in CRP, adjustments 
were made by subtracting the values greater 
than 180° from 360° [11]. 

In the next step, the trunk-pelvis CRP curves 
were averaged across the 20 gait cycles and 
the mean ensemble average curves were gen-
erated for all participants. To quantify CRP 
curves, two extra values of mean absolute rel-
ative phase (MARP) and deviation phase (DP) 

were calculated using ensemble curves.
MARP was calculated by averaging the ab-

solute values of all the ensemble curve date 
points over the gait cycle using the following 

equation: 
100

1

 /100
i

i

MARP CRP
=

=∑
Lower MARP values demonstrate a more 

“in-phase” oscillation between the two seg-
ments and higher MARP values illustrate a 
more “out of phase” relationship between the 
segments [28]. 

Deviation phase (DP) was calculated by av-
eraging the standard deviations of the ensem-
ble CRP curve over the gait cycle to quantify 
the coordination variability: 

100

1

 /100i
i

DP SD
=

=∑
Lower DP values indicate a less variable re-

lationship between the two segments or a more 
stable coordination pattern within trials [28].

Statistical Analysis
The processed data were statistically ana-

lyzed using IBM® SPSS, version 21.0 (IBM 
Corp, Armonk, NY, USA). Pearson’s correla-
tion coefficient (r) was used to find the prob-
able relationship between coordination pa-

Figure 2: An exemplar phase angle (φ) on a phase portrait

1 
 

 

 

197



J Biomed Phys Eng 2018; 8(2)

www.jbpe.orgEbrahimi S., Kamali F., Razeghi M., Haghpanah S. A.

rameters (MARP, DP) and disability level in 
CLBP subjects. The significance level was set 
at 0.05 for statistical analyses.

Results
The statistical analysis demonstrated a sig-

nificant negative correlation between sagit-
tal plane MARP or DP and disability level 
(%ODI) in CLBP subjects during walking 
(r = -0.806, P < 0.001 and r = -0.856, P < 0.001 
respectively) (Figures 3 and 4). 

Discussion
In the current study, we investigated the re-

lationship between sagittal plane trunk-pelvis 
coordination parameters (MARP, DP) and dis-
ability level (%ODI) in CLBP subjects. We 
hypothesized that there was a correlation be-
tween mentioned parameters and CLBP dis-
ability; our results support this hypothesis.

The results of the present study demonstrat-
ed that the lower the MARP (more in-phase 
pattern) and DP (less variable pattern) in the 
CLBP subjects, the more disability existing 
in these patients. Low MARP and DP values 

of trunk-pelvis coupling augment the concept 
of “protective guarding behavior” in patients 
with LBP [11]. 

These results are consistent with those of 
previous literature which demonstrated that 
other factors rather than solely pain can affect 
the CLBP patients’ disability level [6, 7, 29, 
30].

Previous studies have demonstrated that 
CLBP is a multifactorial condition with sev-
eral dysfunctions [6] that seems to induce dif-
ferent associated problems such as disability.

Gordon Waddell et al. (1993) showed that 
disability in subjects with CLBP during activi-
ties of daily living was related to the pain se-
verity and physical impairment; however, the 
relationship was weak. They stated that the 
pain severity accounted only for 10% of the 
disability and physical impairment [7]. More-
over, Kovacs F.M et al. studied the correlation 
between the pain severity, disability level and 
the quality of life in 195 patients. They stated 
that only minimal changes in patients’ disabil-
ity levels and quality of life is detectable af-
ter clinically significant improvements in pain 
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 Figure 3: The correlation between sagittal plane MARP and disability level (%ODI) in CLBP sub-
jects during walking

198



J Biomed Phys Eng 2018; 8(2)

www.jbpe.org Low Back Pain Disability and Coordination

[29]. Therefore, it has been suggested that 
CLBP related disability must depend on other 
factors than only the severity of pain or physi-
cal impairment [7], which should be found and 
considered the medical management.

On the other hand, the findings of numer-
ous studies on CLBP subjects are suggestive 
of abnormal trunk-pelvis inter-segmental co-
ordination during different tasks [10, 11, 19]. 
It has been stated that alterations in the trunk-
pelvis coordination and coordination variabil-
ity in these patients might occur due to various 
problems associated with CLBP. Pain induced 
abnormal neuromuscular coordination control 
[31], changed trunk muscles’ activity control 
(neuromuscular control) [32, 33] and impaired 
proprioception [34] are problems that might 
result in abnormal inter-segmental coordina-
tion in CLBP patients. Cosequently, it may be 
responsible for the development of disability 
associated with CLBP. 

As it has been stated later the lumbopelvis 
region has a substantial role in human body. 
The pelvis segment, in terms of biomechan-
ics, is a very important segment located in the 
center of body and therefore connects the up-

per and lower limbs segments [35]. It has been 
stated that the normal stability of pelvis and 
trunk is necessary for all movements done by 
lower and upper extremities [36]. Accordingly, 
the upper and lower extremities motions could 
be affected by any alterations in the lumbopel-
vis region coordination control/stability. So, 
considering the important role of lumbopelvis 
region in the human body, the obtained results 
about the correlation between trunk-pelvis co-
ordination dysfunctions (reduced MARP and 
DP) and disability level were not surprising 
and seem reasonable. 

These results, combined with disability lev-
el, indicate that clinicians should look beyond 
resolution of pain when prescribing rehabili-
tation for CLBP to manage the patients’ dis-
ability in daily life. It can be stated that the 
relationship between three-dimensional nature 
of our reported coordination in sagittal plane 
and disability level, might indicate that clini-
cians should consider interventions that target 
segmental position and velocity components 
in the sagittal plane of motion to manage the 
CLBP induced disability and associated prob-
lems.

Figure 4: The correlation between sagittal plane DP and disability level (%ODI) in CLBP subjects 
during walking
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The trunk-pelvis coordination assessments 
were limited to the sagittal plane in the cur-
rent study, due to the fact that sagittal is the 
primary motion plane during walking. It can 
be suggested that future studies address other 
motion planes to see if there is probable rela-
tionship between coordination parameters and 
disability levels, therefore, helping the thera-
pist and clinicians to have a more effective 
treatment protocol. Moreover, future studies 
might investigate whether exercise interven-
tions for trunk-pelvis coordination recovery 
can improve the disability seen in patients 
with CLBP.
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