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The aim of this study was to investigate the firing pattern of the main muscles
involved in sit-to-stand (STD) and stand-to-sit (STS) tasks in two prevalent LBP

ﬁfffﬁ(sbam subgroups based on movement system impairment (MSI) classification.

Classification Methods: A total of 37 women between 18 and 50 years of age voluntarily
Surface electromyography participated in this cross-sectional study. They were divided into three groups (15
Recruitment pattern healthy, 15 lumbar extension rotation syndrome (LERS), and seven lumbar flexion

rotation syndrome (LFRS)). Surface electromyography was recorded bilaterally
from the trunk stabilizer muscles—i.e. the internal oblique (I0), lumbar erector
spine (ES), and hip mobilizer muscles—and the medial (MH) and lateral (LH)
hamstring muscles during STD and STS tasks. The variations in EMG onset
muscle timing and asymmetry in side-to-side muscle timing were measured.
Results: The firing sequence during the STD task showed no significant
difference among groups. However, in the healthy and LFR groups the trunk
stabilizer muscles were activated before the hip mobilizer muscles, and in the
LERS group an insignificant delay was shown in the onset of the ES activity.
There was no significant difference of bilateral muscle timing during STD. In
the STS task no consistent order of pattern was found even in the healthy group.
The bilateral muscle timing of IO (mean difference, -427.00; P=0.021) and ES
(mean difference, 1964.57; P=0.000) had significant difference in the LFRS
group during STS.
Conclusion: The cumulative effects of recruitment pattern impairment may
contribute to continuing the cycle of lumbar movement impairments and
subsequent persistence of LBP.

2018© The Authors. Published by JRSR. All rights reserved.

Introduction problem [1]. In a large number of individuals (10-59%)

symptoms continue to be chronic [2] and lead to functional

Low back pain (LBP) is a prevalent musculoskeletal disabilities [3]. A total of 85% of this population with

chronic pain is categorized as having “nonspecific” low
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classification systems [5-7] have been developed to divide
LBP subjects into homogeneous subgroups of similar
characteristics based on biophysical, psychosocial, or
both variables. The classification models categorize the
patients into homogenous subgroups with the aim of
increasing the effectiveness of treatments.

The movement system impairment (MSI) scheme,
which uses the kinesiopathological approach, is
an evidence-based classification system that uses
standardized clinical examination to categorize patients
with low back pain (LBP) [8]; it involves interpreting
data of standardized tests related to movements and
alignments perceived to most consistently contribute
to the LBP symptoms, and are accordingly categorized
into five subgroups, namely lumbar flexion, lumbar
extension, lumbar rotation, lumbar-rotation-flexion,
and lumbar-rotation-extension [9]. The MSI approach
proposes that loss of precision in joint movements
resulting from repeated movements and prolonged static
postures during daily activities may induce motor control
alterations in patients with mechanical low back pain
[10, 11]. The repetition of direction-specific strategies
contributes to changes in passive elements—for example
muscle tissue and active elements—in regard to timing
and force production of muscle [12]. A number of
important muscle adaptations contribute to the patient’s
movement and alignment impairments including motor
control alterations in recruitment patterns and timing
[13]. Hence, although early studies of trunk muscle
function focused on the strength and endurance of trunk
muscles in patients with LBP, more recently the focus
has been shifted to issues of motor control [14]. It is
theoretically possible that altered balance of muscle
activation timing leads to altered movement patterns
[15]. Moreover, some researchers have reported that
muscle imbalance caused by side-to-side differences
are particularly important because they may lead to the
generation of unexpected asymmetrical movements [ 16].
Previous research shows that there were differences in
muscle recruitment patterns between healthy people and
patients with non-specific mechanical low back pain
[14]. However, the results are highly contentious [14].
One potential reason for the contradictory findings could
be that prior research did not take into consideration the
aspect that LBP is a heterogonous condition and needs to
be classified in homogenous subgroups.

The underlying theory of MSI approach maintains that
correction in performance of the functional activities
causing pain is more important than developing a
therapeutic exercise program [11]. If movements are
performed repeatedly during the day, these movements
could contribute to the persistent and recurrent course of
LBP[11]. Van Dillen also suggested that training chronic
LBP patients to correctly perform daily activities helped
improve the function and pain “because people adhere
to the training for prolonged periods of time, and the
training results in improved short-term and long-term
outcomes” [17].

Workers perform sit-to-stand (STD) and stand-to-sit
(STS) activities as two common daily functional tasks [ 18]

on an average of 60 times per day [19]. Assembling this
seemingly simple task requires a complex coordination
of the central nervous system and neuromuscular system
[20]. Patients with LBP often report difficulties during
STD and STS activities [21]. Previous studies have
shown that STS correlates with functional activities such
as walking speed, independent ambulation, and stair
climbing [19], and it has been reported as a predictor for
future disability and falls [21]. Hence, it can be set that
if transitioning of impaired STD and STS are identified
early and interventions are administered, the loss of
functional abilities and fall incidents can be prevented
[22]. Several studies have analyzed STD and, to a lesser
extent, STS tasks in different population samples (e.g.
acute or chronic symptoms and young or old patients)
and from different aspects (e.g. kinematic, motor
control) often in unclassified LBP subjects [23-28].
Claeys et al. [29] in a kinematic study found that patients
with mild non-specific LBP display significant delay in
anterior pelvic rotation initiation during sit-to-stand-to-
sit task. It could be hypothesized that a delay in the onset
of anterior pelvic rotation results in more trunk flexion
during this movement. Furthermore, repeated flexion
along with mild compressive loads is a crucial risk factor
in the development of low back injuries and pain. The
author suggested that delayed onset of deeper abdominal
muscle activity could be one of the possible mechanisms
to explain the delay of lumbopelvic control and anterior
pelvic rotation initiation. However, since that study
used patients with unclassified LBP, it prevents us from
precisely understanding how the flexion loading causes
the back pain during the sit-to-stand-to-sit task. Recently,
Hemming and colleagues [30], in two LBP subgroups
of motor control impairment in flexion or extension
direction based on O’Sullivan classification investigated
the surface electromyography amplitude of side-to-side
trunk muscles while performing multiple functional
tasks including STD and STS. However, in that study
the muscle recruitment pattern had not been examined
in classified LBP subgroups. Given the high repetition
of STS and STD functional tasks in daily activity, the
identification and subsequent early correction of specific
muscle recruitment pattern dysfunction, as an important
contributing factor affecting the movement pattern in
LBP subgroups could prevent the persistent and recurrent
course of LBP. Therefore, the purpose of this study is
to compare the sequence or order of muscle firing along
with the asymmetry in muscle timing between two
NSCLBP subgroups classified on the MSI approach and
healthy controls during STD and STS functional tasks.
In the present study, the subgroups of lumbar flexion
rotation syndrome (LFRS) and lumbar extension rotation
syndrome (LERS) were selected because: (1) these
subgroups have been reported in previous research [31]
to be the most prevalent of the five subgroups in MSI
classification system; and (2) during STD and STS, the
movement patterns are mainly confined to the sagittal
plane [32]; hence subgroups with flexion or extension
direction impairment presumably show more disorders
than healthy people. We hypothesized that a different
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muscle recruitment pattern should be determined in LBP
subgroups.

Methods

This study used cross-sectional design to compare
muscle recruitment patterns during STD and STS tasks
in two MSI-based subgroups of patients comprising
NSCLBP and healthy control. In total, 37 subjects
between 18 and 50 years of age voluntarily participated
in this study. Sample size was calculated based on a
previous research of similar variables [33], with power
of study at 80%. A total of 15 healthy control subjects
with no history of LBP were enrolled as control group
and 22 subjects with nonspecific mechanical LBP were
divided into two subgroups by standardized clinical
MSI approach examination (15 subjects in the LERS
LBP subgroup and seven subjects in the FRS LBP
subgroup). The average subject age, height, and weight
are reported in Table 1. The inclusion criteria for LBP
subgroups were the ability to stand and sit without
assistance [9], with back pain that has continued for
at least six months of the previous year, limitation in
performance of daily activities for more than three
days, or requiring medical treatment [34]. People were
excluded from the study if they reported any of the
following: (1) diagnosis of marked spinal deformity
(kyphosis and scoliosis), spondylolisthesis, spinal
stenosis, spinal instability, ankylosing spondylitis,
systemic inflammatory condition, or other serious
spinal complications (e.g. tumor or infection) [34]; (2)
previous spinal fracture and surgery [34]; (3) current
or previous lumbar disk herniation signs and symptoms
diagnosed by a physician or presented by the patient
(including pain or paresthesia distal to the knee, loss
of bowel or bladder function, decreased coordination,
or loss of motor or sensory function) and degenerative
disc disease [1]; (4) lower extremity impairment such
as previous lower extremity surgery or leg length
discrepancy of more than 20 mm, which could affect the
kinematics of the spine and hip [32]; (5) osteoporosis
[9]; (6) current pregnancy [1]; and (7) LBP exceeded
3/10 on an 11-point visual analogue scale (0-10, 10
being worst possible pain) on the day of testing [34].
Because of the known gender differences in lumbar
spinal muscle geometry, only women participated in
this study [34].

Clinical Examination

The clinical examination was completed by trained
physical therapists having 15 years of experience in MSI
classification assessment. The subjects were examined
using a two-step primary and secondary test procedure
to diagnose lumbar syndrome based on the findings of
physical examination [8]. The examination involved a
series of primary tests in which the examiner observed the
subject’s preferred strategy (i.e. the presence and direction
of lumbar movement or alignment) for performing limb
and trunk movements and assuming different positions.
The subject’s symptoms were monitored and the primary
tests that were symptom-provoking were immediately
followed by secondary tests. In these tests the lumbar
region movement, as observed in the primary tests,
was either restricted by standardized modifications or
the said region was positioned in a neutral alignment.
When the secondary test reduces the symptoms, the test
is confirmed to be positive. For classification into the
LFRS, the primary tests are provocation tests designed
to assess movements or stresses in flexion and rotation
motion. Secondary tests are confirmatory tests designed
to correct or inhibit the flexion and rotation motion.
To be classified as a LFRS, the subject must report an
increase in symptoms with at least two flexion tests and
one rotation test or one combined rotation with flexion
test. For classification into the LERS, the primary tests
as provocation tests are designed to assess movements or
stresses in extension and rotation motion, and secondary
tests are confirmatory tests are designed to correct or
inhibit the extension and rotation motion. The person
must report an increase in symptoms with at least one
extension test and one rotation test or one combined
extension and rotation test to be classified as a LERS.
The reliability of trained examiners to sub-categorize
people with LBP based on the MSI model has been
found to be acceptable [35].

Procedure

Before the procedure, each patient completed a self-
report measure of activity limitation using the Persian
translated version of the Oswestry Disability Index
(ODI) Questionnaire [36]. The modified Oswestry
Questionnaire is a disease-specific measure that indexes
a patient’s perceived activity limitation from LBP based
on 10 items [37]. It uses a 0—-100% scale, with higher
values indicating greater activity limitation. The modified

Table 1: Subject characteristics of the low back pain (LBP) subgroups and healthy control group, and questionnaire and pain measure data for the

LBP subgroups; mean (standard deviation).

Characteristics Control group flexion rotation subgroup  extension rotation subgroup P value
(N=15) (N=7) (N=15)

Age (years) 32.88 (4.50) 34.38 (6.96) 32.18 (4.99) 0.54¢
Height (cm) 160.31 (6.51) 163.25 (5.75) 160.65 (5.51) 0.76°
Weight (kg) 64.25 (11.21) 67.38 (7.81) 69.00 (11.69) 0.37¢
Duration of LBP (years) - 4.1 (2.86) 2.9 (2.30) 0.49°
Visual Analogue Scale for - 1.71 (1.10) 2.2 (1.11) 0.81°
current LBP (0-10)

Visual Analogue Scale for - 2.43(.97) 2.9 (1.10) 0.47°

last week LBP (0—10)

“P values in the ANOVA; °P values in the t-test
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Oswestry Questionnaire has been shown to be a reliable
and valid questionnaire for assessing activity limitation
[38]. Furthermore, a visual analogue scale (VAS) of a
numerical rating scale of 0—10 was used to record pain
for the previous week and current day. There were no
significant differences in the values of VAS and ODIQ
between the two LBP subgroups (P=0.05; Table 1). All
the subjects signed an informed consent form approved
by the Ethical Committee of the Ahvaz Jundishapur
University of Medical Sciences.

The participants were asked to sit barefoot in their
usual posture in a height-adjustable armless backless
chair with their feet separated by a comfortable distance.
The seat height was adjusted so that the participant’s hip
and knee joint formed a near right angle when sitting
prior to performing an STS task. Overall, few constraints
were placed on the procedure of sit-to-stand and stand-
to-sit, the only restrictions being that the feet stayed on
the floor. The participants were required to look forward
with their arms crossed and folded on their chest.
They were instructed to: follow a loud voice command
(“OK”), rise freely at their comfortable speed, maintain
a comfortable erect posture for around three seconds,
and then intentionally, without a command, sit down on
the chair at their own comfortable speed. There was no
attempt to correct any deviations during the test. Each
subject repeated the movements three times. There was a
minute of rest period between trials. After the participants
had practiced the movement (familiarization) three STS
and STD movements were recorded, and the mean of
two repetitions were chosen based on the recorded signal
quality for data analysis.

The EMG parameters from four pairs of trunk
stabilizer (internal oblique (IO), lumbar erector spine
(ES)) and hip mobilizer (medial (MH) and lateral (LH)
hamstring) muscles were recorded using a ME6000
(Mega Electronics, Finland), and the data were analyzed
using a custom-written interactive program in MATLAB

software (The MathWorks® Version R2012a, USA).
After the electrode sites were shaved and cleaned with
alcohol, disposable pre-gelled electromyography (EMG)
Ag—AgCl electrodes with a 2-cm center-to-center
interelectrode distance were applied over the muscles on
the right and left sides. Refer to Appendix A for electrode
site details [33, 39].

The EMG signals were bandpass filtered between 10
Hz and 500 Hz and then digitized at a sampling rate of
1000 Hz. The degree of muscle activity was assessed for
every muscle by calculating the root mean square (RMS)
of rectified and filtered (bidirectional digital Butterworth
lowpass filter with a cutoff frequency of 250 Hz). The
EMG onset time of each muscle was defined as the
point at which the signal amplitude exceeded the mean
amplitude plus two standard deviations (SD) of base line
activity for at least 25 ms [40]. The interactive custom-
written algorithm allowed visual inspection to confirm
detected events or change the parameters (such as search
starting point to bypass probable spikes due to signal
disturbances) if necessary (Figure 1). The visual scrutiny
of the EMG signal is an important aspect of studying
EMG recordings [41]. Hodges and Bui [42] found
that visual determination of EMG onset was highly
repeatable. The EMG onset times were determined by a
single blinded investigator.

In order to investigate the temporal firing pattern of all
muscles during the task, the relative difference of the
onset time between every muscle and the right 10 was
calculated; the 10 was selected because normally one of
the trunk stabilizer muscles should activate before the
mobilizer muscles during a functional task. A positive
value indicates the earlier activation of the right IO muscle.

The general characteristics and EMG parameters
during the STS and STD tasks were analyzed using the
SPSS software (Ver. 18). The differences among the
three groups were tested by a one-way ANOVA, with
the level of statistical significance set at P<0.05. Tukey’s
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Figure 1: Example of EMG onset time determination method
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correction was used when making multiple comparisons.
The differences in EMG onset time between the right
and left sides among the three groups were tested using
the one-way ANOVA as well; Tukey’s correction was
used for multiple comparisons and Shapiro—Wilks test
was used to check for the normal distribution of data. For
all variables, normal distribution was established.

Results

Table 1 shows the anthropometric data of the three
participating groups of this study. No statistically
significant differences were found among groups.

Sit-to-Stand

The results of onset muscle timing analysis during the
sit-to-stand task revealed that there was no significant
difference between the three groups. In the healthy
group, the muscle firing sequence was right ES- left ES
— right 10- left 10 — left MH- right MH- left LH- right
LH, respectively. In the LFRS group, the muscle order
was approximately same as the healthy group so that,
the trunk stabilizer muscles were activated before the hip
mobilizer muscles: left ES - right 10 - right ES- left IO
- left MH- right MH- right LH- left LH. Although the
muscle firing sequence showed no significant differences
among the groups, some of the hip mobilizer muscles
were activated before the trunk stabilizer muscles in the
LERS group: left MH- left 10- left LH- right IO- right
LH- left ES — right ES- right MH. Pairwise comparisons
with the Tukey’s correction showed that there was no
statistically significant difference in side-to-side muscle
onset timing (Table 3). It should be noted that while
the averaging of EMG onset times were indicative for
comparing the three groups together, the large range in
onset times could result in skewed estimation (based on
average data) suggesting an order of activation which is
not typical to all subjects in their groups. Table 2 shows
the EMG onset times in relation to right 10 onset for
each muscle examined during STD for all subjects in the
three groups.

Stand-to-Sit

Given the results of onset muscle timing in the STS
task, no consistent order of pattern was found even in
the healthy group. In the LFRS group, left 10 began to
fire later than in both, the LERS group (mean difference:
506.33; CI: 71.03-941.63; P=0.023) and the healthy
control group (mean difference: 515.46; CI: 80.16—
950.76; P=0.021). In the LFRS group the relative
difference of time between the right ES and right 10
was smaller than in the healthy control. On the other
hand, the right ES activated later in the LFRS group
than in the healthy subjects (mean difference: 588.02;
CI: 89.01-1087.04; P=0.022). In contrast, the left ES
activated sooner in the LFRS group than in the control
(mean difference: -1420.21; CI. -2380.32— -460.092;
P=0.004) and LERS (mean difference: -1493; CI:-
2453.42 — 533.19; P=0.003) groups. Moreover, the side
to side muscle activation timing of IO (mean difference:
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Table 3: Summary of significant asymmetry in bilateral onset muscle timing of each group (flexion rotation, extension rotation, and healthy control

groups) during functional tasks

Task Muscles Flexion rotation

mean+SD

Extension rotation Control
mean+SD

Tukey’s correction
pairwise comparison(post
hoc)(P<0.05)

mean+SD

STS 10 *
ES *
MH
LH

STD 10
ES
MH
LH

P=0.021
0.000

10: Internal oblique; ES: Lumbar erector spine; MH: Medial hamstring; LH: Lateral hamstring; STS: Stand- to- sit; STD: Sit- to- stand

-427.00; P=0.021) and ES (mean difference: 1964.57;
P=0.000) showed a statistically significant difference in
the LFRS group during the STS task (Table 3). Table 4
shows the EMG onset times in relation to right 1O onset
for each muscle examined during STS for all subjects in
the three groups.

Discussion

The goal of the present study was to assess the
recruitment patterns of the main muscles involved in STD
and STS tasks of two common LBP subgroups based on
the MSI classification and control group. The primary
findings revealed that during the STD movement, there
was no significant difference in the pattern of muscle
activation among the groups. In the healthy and the
LFRS groups, recruitment of the 10 and ES muscles
were the first to be activated. The trunk muscles (i.e. IO
and ES) are likely to be the most representative muscles
for lumbar stabilization [27, 43], and their function can
be attributed to the necessary lumbar stability required to
initiate the movement, thus creating useful conditions for
pacing functional movements. The hamstring muscles
are the task execution muscles of the STD task[27, 43].
Indeed, the 10 and ES (iliocostalis lumborum) muscles
were activated earlier than the MH and LH muscles in
the control and LFRS groups. Therefore, the activation
of trunk stabilizer muscles before the initiation of hip
mobilizer muscle activation in the control and LFRS
groups are in agreement with the muscle firing pattern
reported during the performance of this task [43]. The
LFRS group could be considered to possess a normal
recruitment pattern in STD movement. However,
there was an insignificant change in muscle activation
sequence in the LERS group such that a small amount of
delay was shown to occur before the onset of ES activity.
Although the delayed onset of ES muscles and earlier
onset of MH muscles can lead to disruption of lumbar
stability (which may cause LBP), this finding for patients
with lumbar extension rotation impairments contradicted
the evidence that highlighted the susceptibility to early
lumbopelvic motion in symptom-producing directions
of LBP subgroups, based on the MSI classification, in
activities of daily living [9, 11]. Hence, it was expected
that in the LERS group the ES muscles were activated
before the other muscles. The delay in onset of ES muscle

10

activation, in comparison with the other muscles, would
perhaps result in insufficient contribution of this muscle
to lumbopelvic control during the STD task, thus causing
a delay in the essential anterior pelvic tilt of movement
initiation, and subsequently inducing an excessive trunk
flexion in this movement [29]. A kinematic study of this
population may be helpful to determine whether the
LBP patient subgroups had different movement patterns
during STD movement.

In the STS task, significant statistical differences were
observed in the bilateral muscle activation timings of
IO and ES muscles of the LFRS group. The lack of
concurrence in onset timings of bilateral trunk muscles
in patients with LFRS can disrupt lumbopelvic control in
the sagittal plane during STS movement. This finding is
in line with Kim et al. (2013) who found an imbalance
in the muscle activation of ES in the LFRS group during
standing trunk flexion, which is associated with inducing
excessive lumbopelvic rotation [44]. However, the
asymmetries in these studies are different. In the present
study, we observed asymmetry in the timing of ES
muscle’s activation while Kim reported asymmetry in
the level of ES muscle’s activation. Tateuchi et al. (2012)
maintains that altered balance of muscle activation level
and muscle activation timing are important contributory
factors leading to disrupted normal movement patterns
with subsequent pain development [15].

Our results support the proposal that in people with
mechanical LBP, repeated use of direction-specific,
stereotypic movement patterns result in generalized
strategies that affect their daily activity, and the continued
use of these strategies contribute to changes in movement
system elements such as variations in motor recruitment
patterns [11]. Due to the magnitude of loading, the use of
the same patterns is supposed to cause subfailure injuries
and microtrauma to the lumbar region tissues that,
over time, contributes to the development of LBP. The
modification of specific patterns associated with the LBP
classification can probably improve low back symptoms
through a program of exercise and training created to
alter the performance of direction-specific movement
and alignment as associated with functional activities.
Furthermore, our findings emphasize the importance of
evaluating muscles recruitment parameters bilaterally,
despite symmetry of the task. Imbalance in muscle
recruitment pattern can contribute to pain problems.

JRSR. 2018:5(1)
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Limitation

The main limitation of this study is that only women
subjects were enrolled. Therefore, it is difficult to
generalize these findings to the general population.
Secondly, the cross-sectional design of study does
not permit us to confirm whether the altered muscle
recruitment or movement patterns caused LBP or
whether the LBP caused altered patterns.

A kinematic examination was not included in this study
concurrently with the muscle recruitment evaluation.
Given that the STD and STS tasks has been divided
into different movement phases [32], a simultaneous
kinematic recording is very effective to investigate
muscle firing pattern of different movement phases. We
suggest that future studies consider this aspect.

Conclusion

The results of this study showed that motor recruitment
pattern dysfunction during STD and STS tasks occur in
women categorized as LFRS and LFRS subgroups based
on the MSI model. We propose that neuromuscular
changes could be contributing to the continuous cycle
of movement impairment, and subsequently, the
persistence of LBP. Given the high repetition of STS and
STD functional tasks in daily activity, this information
can be used to specifically identify and correct these
recruitment pattern impairments in every subgroup of
LBP; specific training of low back patients to modify
how they perform everyday functional activities could
prevent the persistent and recurrent course of LBP.
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