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Abstract: There is evidence in the literature to suggest that low back pain may change spine–pelvis
coordination during activities of daily living. This study aimed to compare the variability of the spine–
pelvis coordination during sit-to-stand in people with and without LBP. Ten healthy individuals
with a history of LBP and ten individuals without history of LBP participated in this study. Three-
dimensional kinematic data of the upper trunk (UT), lower trunk (LT), lower back (LB), and pelvis
segments during sit-to-stand and stand-to-sit were recorded using a multi-segmental spine and pelvis
models using a motion capture system. The coordination patterns and the variability of the adjacent
segments (UT, LT, LB, and pelvis) were calculated using the modified vector coding method that
was implemented through a custom MATLAB code. An independent sample t-test was utilized to
assess the differences in the coordination pattern, and a statistical parametric mapping method was
used to quantify the differences in coordination variability between the two groups. The results
indicate that there are some differences in coordination patterns between groups during sit-to-stand
and stand-to-sit. However, a significant difference in coordination variability was only observed
during sit-to-stand. The results showed that LBP can alter the kinematics coordination even in the
upper (pain-free) parts of the spine during sit-to-stand by changing the coordination between UT
and LT in a way that can lead to an increase in the loading on these segments. Additionally, people
with LBP showed more coordination variability during sit-to-stand, which can be associated with
a coordination strategy that facilitates an optimal and possibly pain-free coordination pattern.

Keywords: kinematics; coordination; variability; multi-segmental spine model; vector coding;
statistical parametric mapping; sit-to-stand; low back pain

1. Introduction

Low back pain (LBP) is defined as any pain that starts in the twelfth vertebra of the
thoracic spine and spreads below the buttocks. LBP with a history of pain for more than
three months and the absence of any pathological symptoms is called chronic low back pain
(CLBP) [1]. It is estimated that 10% of patients who suffer from acute back pain will also
suffer from chronic back pain [2]. About 90% of back pains are nonspecific, which is usually
diagnosed by ruling out the possibility of specific pathologies [3]. In these cases, in addition
to back pain of unknown cause, the specialist should also consider the presence of muscle
pain originating in the spine. This type of pain may be nonmechanical or mechanical
(increase in pain with movement or physical pressure), and the pain may be constant at
rest [1,4].
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Several factors such as a specific lifestyle, special methods of sit-to-stand from the floor
and chair, lack of adequate mobility, and lack of regular exercise programs are effective
in the development and exacerbation of LBP [5,6]. It has been reported that patients with
LBP require more time to complete sit-to-stand movements and have a delayed beginning
of pelvic anteversion [7]. In another study, it was revealed that patients with LBP did
not have trunk range of motion (ROM) limitations but, rather, a delay in lumbar region
motion, decreased inferior thoracic ROM, and enhanced hip joint ROM [8]. Additionally, it
was shown that patients with low back pain had decreased lumbar spine and hip speed
and ROM [9]. Additionally, a decreased lumbar movement contribution in comparison
to the hip and dramatically changed motor coordination between these segments were
reported [9]. Numerous kinematic aspects of the sit-to-stand still show conflicting results
in the literature, making a true understanding of their mechanism difficult. Consequently,
both sit-to-stand and stand-to-sit have been considered by researchers due to their effect on
LBP [10,11]. Sit-to-stand (from a chair) is one of the most common activities of daily living
and is the first step in performing several activities of daily living [12–14]. Additionally,
sit-to-stand and stand-to-sit are both related to the aggravation of low back pain symptoms;
hence, research into these movements is critical in LBP research.

It was previously reported that a significant amount of load on the spine of people with
LBP was seen during sit-to-stand from a chair [10]. According to Punjabi theories, along
with low back pain, there is a kind of clinical instability in the pelvic lumbar region [15]. In
various studies based on the Punjabi theory, low back pain can lead to the following issues:
(1) changing the timing of muscle activity [16], (2) changes in muscle activity and spinal
stiffness shown by biomechanical modeling [17], (3) and spinal kinematic changes studied
by motion analysis systems [18]. Coordination between different joints and segments as
a variable of the neuromuscular system outcome can help in understanding the altered
mechanics in a particular region due to musculoskeletal injuries. Therefore, investigating
the coordination between different spine sections and comparing the coordination between
people with and without low back pain can help to better understand the injury and adopt
the appropriate treatment and rehabilitation methods [19].

Motion coordination entails the selection and creation of movement through the com-
bination of the degrees of freedom available to perform a task [20]. In healthy individuals,
many of the degrees of freedom available can be combined to coordinate achieving a motor
task. Coordination is a functional role and may provide information about the tension in the
joints [17]. Previous studies indicated that LBP could alter the coordination pattern between
the spine and pelvis during various tasks, such as in gait [17] and during running [21].
Weakness or reduced coordination of muscles and joints in the body can lead to abnormal
and compensatory movement patterns or to various types of injuries [22]. Furthermore,
the number of coordination patterns that a system can produce for executing a task might
be a sign of health or injury in the system [14].

Coordination variability is several changes in individuals’ coordination patterns that
provide an understanding of the flexibility of movement pattern production systems. Lack
of variability is a malfunction. Less variability can indicate less flexibility of the body
to adapt to changing conditions, which leads to more repetition of stress in the joints.
Motor variability is an essential component of human movement and is necessary for
musculoskeletal health throughout a person’s life [21,23,24].

Coordination and variability are affected by different factors, such as degrees of
freedom in the joints or injuries [25]; thus, the analysis of motor coordination variability
provides an insight into the health of the locomotor system.

Decreased coordination variability is known to increase mechanical stress and
overuse [26]. This is relevant to activities such as sit-to-stand, where the investigation
of kinematic coordination can help identify the risk of injury [27]. Therefore, this study
aims to compare coordination patterns and the variability of the spine and pelvis in sit-to-
stand between people with and without nonspecific CLBP. Regarding this purpose, we also
examined the range of motion (ROM) in each segment to have a comprehensive investi-
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gation of the kinematics data. We hypothesized that both coordination and coordination
variability can differ in people with CLBP compared to healthy ones.

2. Materials and Methods
2.1. Study Participants

This study was registered with the National Ethics Committee of the Sports Science
Research Institute of Iran (IR.SSRC.REC.1400.038). Using G-power software with a power
of 0.95 and α = 0.05 and based on average ± stdev angle for upper/lower trunk of 50 ± 12
for healthy and 30 ± 10 for the CLBP, the number of participants was estimated as 20. Then,
based on that and the literature, twenty participants: 10 with and 10 without nonspecific
chronic low back participated in this study (Table 1) [28,29].

Table 1. The demographic information of the participants.

Group 1. Healthy Group 2. CLBP

Simple size 10 10
Gender (Female/Male) 5/5 5/5
Mean age ± SD (Year) 29 ± 4.50 32 ± 4.90

Mean height ± SD (cm) 171.5 ± 9.72 169.25 ± 4.1
Mean body weight ± SD (Kg) 70.83 ± 14.60 71.87 ± 13.20

Mean VAS ± SD - 5.6 ± 1.17
Mean Oswestry Disability Index ± SD - 20.8 ± 1.9

Inclusion criteria for the nonspecific CLBP group were a pain scale based on a numerical
rating scale between 4 and 7 and disability based on the ODI from 10% to 60%, no structural
deformities of the spine, no infection or tumors, no neurological or sensory orthopedic
disorders or rheumatoid disease, no history of the trunk or pelvic and lower limb fractures
or surgical interventions, no existence of lower extremity pain, spondylolisthesis, balance
disorders, the non-use of anti-inflammatory or analgesic drug in the last 48 h, and all
coronary health protocols were observed. An orthopedic specialist assessed patients
for the exclusion criteria, which was followed with the assessment by an experienced
physical therapist.

2.2. Experimental Setup

An eight-camera Vicon motion capture system and a multi-segmental model were
used to track movements in the upper spine, lower spine, lower back, and pelvis [30].
A three-segmental biomechanical spine model with three four-marker clusters on the 3rd
and 8th thoracic and 3rd lumbar vertebrae were used to record 3D movement in the
upper trunk, lower trunk, and lumbar regions [30], and 4 markers were also placed on
left and right anterior and posterior iliac spines to track pelvis movement (Figure 1). The
static test was performed in an anatomical position. Then, participants were asked to sit
and get up from a chair without a standard handle (45 cm high) five times at full speed
without losing balance. This experiment was performed barefoot. Trajectories data from
the beginning of the first sitting position to the end of the last sitting position were recorded
with Nexus software. Kinematics data were extracted from the spine and pelvis and used
for coordination and variability analyses [31].

2.3. Data Processing

Kinematic data were low pass-filtered with a 4th-order Butterworth filter at a 6 Hz
cut-off. Cycle identification was obtained using the maximum and minimum values of
the upper marker of the upper spine cluster in the Z-axis (superior–inferior). The three-
dimensional angles of the upper trunk (UT), lower trunk (LT), lower back (LB), and pelvis
relative to the global coordinate system were calculated in ProCalc (version 2.1.2, VICON,
Oxford, UK). The method was comprehensively presented and described in previous
studies [19,32] (Figure 2).
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Figure 2. UT, LT, LB, and pelvis kinematics during repetitive sit-to-stand and stand-to-sit calculated
using the method described by Needham et al. (2014) [32].

2.4. Data Analysis

ROM data were determined by subtracting the minimum angle from the maximum
angle for each segment at each cycle. Segment coordination and coordination variability
(CV) were calculated for five cycles using a modified vector coding technique [20,26]
(see Needham et al. (2015) [33] and Needham et al. (2020) [24] for more information).
Coordination patterns were classified into the in-phase with proximal dominancy (IPPD),
in-phase with distal dominancy (IPDD), antiphase with proximal dominancy (APPD),
and antiphase with distal dominancy (APDD) [33]. The percentage of each coordination
pattern in the stand-to-sit and sit-to-stand cycles was quantified using frequency plots to
understand the most prevalent patterns. CV was calculated as the standard deviation of
the vector connecting the corresponding consecutive time points of the angle–angle plots
across all cycles [24]. The UT/LT, LT/LB, LB/pelvis coordination, and CV were examined
in the sagittal plane.

2.5. Pain Measurement

A visual analogue scale (VAS) was used to measure pain intensity. It is a self-reported
scale consisting of a horizontal or vertical line, usually 10 cm long (100 mm), and two verbal



Appl. Sci. 2022, 12, 11796 5 of 14

descriptors describing the degree of pain [34]. This questionnaire is rated from zero to 10,
and the patients should rate their pain on a graduated line, from zero (no pain) to 10 (most
severe pain imaginable) [35,36].

2.6. Performance Evaluation

The low back pain disability questionnaire was used to measure the level of perfor-
mance in this study. The Oswestry disability index (ODI) covers one item related to pain
and nine items related to activities of daily living (personal care, lifting, walking, sitting,
standing, sleeping, sex life, social life, and traveling) [37]. The ODI scores range from 0 (no
disability) to 100 (maximum disability). Scores from 0–20 indicate “minimal disability”,
20–40 indicate “moderate disability”, 40–60 indicate “severe disability”, 60–80 indicate
“housebound”, and 80–100 indicate “bedbound” [38].

2.7. Statistical Analysis

The normality of the coordination pattern frequency data was indicated with the
Kolmogorov–Smirnov test (p > 0.05). Basic descriptive statistics were used to describe the
variables (Table 2). The differences in the ROM data and coordination pattern frequencies
between the two groups were assessed with an independent t-test using SPSS (IBM SPSS
statistics 22, SPSS Inc., Chicago, IL, USA). A statistical parametric mapping (SPM) inde-
pendent t-test was used to assess the differences between CV waveforms across the two
groups (v.M0.1, www.spm1d.org, accessed on 19 January 2021). The statistical significance
level for all analyses was set at p = 0.05.

Table 2. The results of ROM data in degrees (Ave ± SD).

Upper Trunk Lower Trunk Lower Back Pelvis

Sit-to-stand Stand-to-sit Sit-to-stand Stand-to-sit Sit-to-stand Stand-to-sit Sit-to-stand Stand-to-sit
Healthy group 45.82 ± 15.71 41.60 ± 10.78 50.16 ± 22.09 44.82 ± 16.36 46.48 ± 13.64 48.01 ± 16.98 32.17 ± 9.38 36.28 ± 8.21

CLBP group 39.45 ± 10.95 39.88 ± 12.15 42.06 ± 10.84 41.42 ± 10.83 43.24 ± 11.43 43.59 ± 12.41 25.37 ± 6.64 33.38 ± 8.69
p Value 0.495 0.831 0.492 0.718 0.709 0.664 0.210 0.626

3. Results
3.1. ROM Results

The results of the ROM data showed that there was no difference between segments’
ROM during sit-to-stand and stand-to-sit in people with and without CLBP.

3.2. Coordination Pattern Results
3.2.1. Sit-to-Stand

The results of the LT/UT showed that the pattern of antiphase coordination in LT
extension and UT flexion movements with the LT dominancy was significantly (p = 0.048)
more frequent in the low back pain group (Figure 3a).

There was no difference in the LB/LT kinematic coordination pattern during sit-to-
stand between people with and without CLBP (Figure 3b).

Additionally, there was no difference in the pelvis/LB kinematic coordination pattern
during sit-to-stand between people with and without CLBP (Figure 3c).

3.2.2. Stand-to-Sit

The results of the UT/LT showed that there was no difference in LT/UT kinematic co-
ordination pattern during stand-to-sit between people with and without CLBP (Figure 4a).

There was no difference in LB/LT kinematic coordination pattern during stand-to-sit
between people with and without CLBP (Figure 4b).

Additionally, the results showed that the pattern of in-phase coordination in the LB
extension movement and pelvic posterior tilt with LB dominancy in the healthy group was
significantly (p = 0.024) more dominant than in the low back pain group (Figure 4c).

www.spm1d.org
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3.3. Coordination Pattern Variability
3.3.1. Sit-to-Stand

The results of an independent t-test showed that the CV in LB/LT and pelvis/LB
couples is more in the low back pain group in comparison to the healthy group at 80% of the
sit-to-stand cycle when the person is close to standing upright (Figure 5b,c). Additionally,
the CV in the pelvis/LB couple is more in the LBP group in the middle of the sit-to-stand
cycle (Figure 5c).
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3.3.2. Stand-to-Sit

The results of the statistical parametric mapping (SPM) independent t-test for coordi-
nation variability of all couples on the sagittal plane showed that the CV is not different
between healthy and low back pain groups during the stand-to-sit cycle (Figure 6).
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mean and standard diviation of CV and right side is the results of SPM analysis. Red dotted line in
the SPM results in the critical threshold (t value).

4. Discussion

This study aimed to quantify spine–pelvis coordination pattern and its variability
during sit-to-stand and stand-to-sit task among people with and without low back pain.
We hypothesized that low back pain can alter the spine–pelvis coordination pattern and
its variability. The results of the current study, considering those from previous studies,
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indicate that, while ROM data may not be different between groups, other kinematics
parameters such as coordination and coordination variability may differ between LBP and
healthy people, which warrants further investigation.

4.1. Comparison of Segments’ Range of Motion between Groups

The results of the ROM data showed that there was no significant difference between
the two groups. To the best of our knowledge, limited studies investigated the spine range
of motion during sit-to-stand or stand-to-sit, and there are contradictions in their results.
Christe et al. (2016) [28] and Shum et al. (2005) [9] reported that ROM was limited in
nonspecific CLBP people. Svendsen et al. (2013) [39] reported no significant differences
between LBP and healthy people. Additionally, Peydro et al. (2011) [40] and Sanchez-
Zuriaga et al. (2011) [41] mentioned a decreased lumbar range of motion and a lower
flexion peak. However, when the trunk’s mobility is examined globally, the results are
conflicting [9]. Coghlin et al. (1994) [29] and McFadyen discovered that there is a modified
strategy for raising from a chair in participants with low back pain. In addition, the results
of research by Pourahmadi et al. (2019) [12] showed in patients with low back pain that
ROM can be decreased because of the pain, muscle spasms, coactivation, or stiffness, while
another study indicated that paraspinal muscle coactivation is utilized to stabilize the
lumbar spine as a preventive technique to minimize pain provocation [42]. Furthermore,
increased spine stiffness may damage patients with LBP by altering movement patterns
and perhaps increasing the sensitivity of spinal and peripheral tissues, both of which may
lead to pain chronicity [28,43,44]. Overall, considering the results of current and previous
studies, it can be concluded that, despite the movement limitation due to the pain in
low back pain patients, investigating the segments’ ROM cannot only provide adequate
information on the movement characteristics in people with and without nonspecific CLBP.

4.2. Comparison of Coordination Patterns between Groups

In the current study, a significant difference was observed between healthy and nonspe-
cific CLBP participants in the coordination pattern between the spine and pelvis segments
during sit-to-stand and stand-to-sit. This finding is consistent with the results of research
by Alijanpour et al. (2021) [19], who found that, in rowers with CLBP, transferring the
motion from the distal to the proximal segment stopped lumbopelvic region during the
extension phase. Additionally, the transverse coordination patterns of the trunk and pelvis
were studied between healthy people and people with CLBP while carrying an anterior
load at varied walking speeds. Ten healthy people and ten people with persistent low back
pain did an anterior carriage task with a 10% body weight load at 3.5, 4.5, or 5.5 km/h.
They found the persistent low back pain group had more anti-phase relative phase than the
control group. Walking at 5.5 km/h influenced the intergroup continuous relative phase.
They also showed outcomes compared to controls, as people with CLBP reported not
being able to get their trunk and pelvis in-phase while walking at 3.5–5.5 km/h [19,45,46].
Additionally, the results of the current study were inconsistent with the results of studies by
Crosbie et al. (2013) [47], who found that no significant differences were observed between
the groups in terms of the overall range of motion or most of the coordination indices in
the lumbar region. The thoracic portion of the spine was more affected by a history of low
back pain than the lumbar segment [47]. In addition, kinematic coordination expresses the
degrees of freedom that individuals display in performing their movements [48]. These
degrees of freedom can deviate from their normal state because of pain or injury and create
a new coordination strategy for the individual. Therefore, the difference between spinal
and pelvic coordination in people with low back pain compared to healthy people that
were observed in this study could be expected.

In the LT/UT coordination in the sagittal plane, even though there was no significant
difference between the two groups during stand-to-sit, the findings of the present study
indicated that the antiphase coordination in LT extension and UT flexion with the LT
dominancy in the low back pain group was slightly more during sit-to-stand. Compared to
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healthy people, this is an altered coordination pattern and means that during sit-to-stand,
nonspecific CLBP participants try to extend their lower trunk while their upper trunk is
in flexion. Extending the lower trunk while the upper trunk is still in flexion position
can decrease movement integration and increase the load of UT on the LT. The results
of the current study are in line with a previous study that suggested that LBP patients
show discoordination between different body segments during sit-to-stand, which leads to
pausing in one segment and independent moving in another one [49].

In PL/LB coordination in the sagittal plane, the findings indicated that the pattern
of in-phase coordination in LB extension and pelvis posterior tilt with LB dominancy
was more in the healthy group during sit-to-stand and stand-to-sit. Additionally, as it
can be seen in Figures 3c and 4c, the rate of in-phase coordination pattern in LB flexion
and pelvis anterior tilt in people with low back pain is higher compared to the healthy
participants. This finding shows that, since lumbar flexion was lower in healthy people,
they showed more extension in the lumbar when returning from flexion. As a result, the
in-phase coordination pattern in LB extension and pelvis posterior tilt in healthy people is
more frequent. This result is consistent with previous studies that indicated nonspecific
CLBP patients show more frequent out-of-phase coordination patterns during sit-to-stand
and stand-to-sit [21,22,50,51] (Figure 7).
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4.3. Comparison of Coordination Variability between Groups

The results of the spine and pelvic CV showed there are significant differences between
the two groups during sit-to-stand. The CV in LB/LT and pelvis/LB couples is more than
in nonspecific CLBP groups. Previous studies reported that patients with chronic pain
reduced the variability to decrease the amount of pain [27]. On the other hand, it is
reported that pain can increase variability, since the patients try to find the optimal patterns
to reduce the pain [52]. While a study found that coordination variability decreased during
a repetitive flexion–extension task in LBP patients [22]. Another investigation reported that
LBP patients try to increase CV during the reaching task [53]. Alijanpour et al. (2021) [19]
presented that nonspecific CLBP can lead to decreased and increased CV in different parts
of a motor task. Hence, it can be indicated that LBP-related alterations in coordination
variability are based on individual-specific strategies to find optimal pain-free patterns
and can be varied in different motor tasks. This is specifically the case where the results
of the current study showed that the LBP group showed an enhanced CV during some



Appl. Sci. 2022, 12, 11796 12 of 14

phases of sit-to-stand, but no significant changes in CV during any phase of stand-to-sit
were observed.

The results of the spine and pelvic CV showed no significant difference between
the two groups during stand-to-sit. This finding was inconsistent with the results of
studies [19,45,46], and it was in line with the results of the studies [47,54]. While vari-
ability in the human body can decrease or increase in response to disease, pain, or spe-
cific conditions [50,55,56], as shown in the SPM statistical analysis graphs for the CV
in Figures 5 and 6, no statistical significance was observed in this variable between the
two groups.

5. Conclusions

In conclusion, low back pain can affect kinematics coordination and its variability
during activities of daily living such as sit-to-stand and stand-to-sit [21,22,51,53]. The results
of the present study showed that LBP can alter kinematics coordination patterns even in
the upper (pain-free) parts of the spine during sit-to-stand by changing the coordination
between UT and LT in a way that can lead to an increase in the loading on these parts.
Additionally, people with low back pain show more coordination variability during sit-
to-stand, which might be related to their effort in finding an optimal pain-free pattern.
The findings of this study can have practical implications in designing a task-specific
rehabilitation program for people with low back pain.
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