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Abstract 

People with non-specific low back pain (LBP) show hampered performance of dynamic tasks such as sit-to-

stance-to-sit movement. However, the underlying mechanisms remain obscure. Therefore, the aim of this 

study was to assess if proprioceptive impairments influence the performance of the sit-to-stance-to-sit 

movement.  

First, the proprioceptive steering of 20 healthy subjects and 106 persons with mild LBP was identified 

during standing using muscle vibration. Second, five sit-to-stance-to-sit repetitions on a stable support and 

on foam were performed as fast as possible. Total duration, phase duration, center of pressure (COP) 

displacement, pelvic and thoracic kinematics were analyzed.  

People with LBP used less lumbar proprioceptive afference for postural control compared to healthy people 

(P< 0.0001) and needed more time to perform the five repetitions in both postural conditions (P< 0.05). 

These time differences were determined in the stance and sit phases (transition phases), but not in the 

focal movement phases. Moreover, later onsets of anterior pelvic rotation initiation were recorded to start 

both movement sequences (P< 0.05) and to move from sit-to-stance on foam (P< 0.05). 

Decreased use of lumbar proprioceptive afference in people with LBP seemed to have a negative influence 

on the sit-to-stance-to-sit performance and more specifically on the transition phases which demand more 

control (i.e. sit and stance). Furthermore, slower onsets to initiate the pelvis rotation to move from sit-to-

stance illustrate a decrease in pelvic preparatory movement in the LBP group. 

1 Introduction 

Optimal postural control is an essential quality in daily life. Inputs from the visual, vestibular and 

somatosensory system are weighted by the central nervous system (CNS). As a result, the body reacts 

efficiently with the most optimal muscle forces to keep the center of mass (COM) within the support base 

and thus provide adequate postural robustness (Carver et al., 2006). 

This optimal control is demonstrated to be affected in patients with non-specific low back pain (LBP) 

(Mientjes and Frank, 1999). Decreased postural robustness is shown both in standing (Mok et al., 2004; 

Henry et al., 2006; Mok et al., 2007) as in sitting postural conditions in this population (Radebold et al., 

2001). The lumbosacral region seems to play a crucial role within these impairments. Moreover, reduced 

proprioceptive afference (Brumagne et al., 2008b), altered proprioceptive reweighting in combination with 

decreased variability of postural strategies (Claeys et al., 2011), failure to use a hip-steered strategy (Mok 

et al., 2004), delayed onsets of both abdominal and back muscles (Radebold et al., 2001) and less 

anticipatory control of the pelvis (Jacobs et al., 2009) illustrate the importance of this region within the 

impaired robustness in static postural tasks.  

Besides postural control in static postures (e.g. standing and sitting), the performance of a dynamic task 

such as the sit-to-stance-to-sit (STSTS) movement may also be affected in patients with LBP. This 

movement is demonstrated to be performed on average 60 times a day in a working population (Dall and 

Kerr, 2010). As a result, optimal movement performance is crucial because of its high daily frequency.  

People with LBP demonstrate reduced hip and lumbar range of motion during this task possibly indicating 

changed pelvic kinematics (Shum et al., 2005). Moreover, energy transfer from the pelvis to the lower limbs 

is decreased in people with LBP during the sit-to-stand (STS) transfer, resulting in a greater energy 
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demanding task for this people which may exacerbate pain (Shum et al., 2009). These findings suggest 

changed strategies for the STS movement in people with LBP, but it remains unclear if pain or other 

underlying mechanisms are responsible for these changes. 

Proprioception is a very important neurophysiological capacity in the control of both posture and movement. 

Altered proprioception is already shown in people with LBP by demonstrating greater repositioning errors in 

isolated spinal movements (Newcomer et al., 2000; Brumagne et al., 2000; Descarreaux et al., 2005). 

Moreover, by means of muscle vibration, Brumagne et al. (2008) demonstrated less capacity to upweight 

proprioceptive feedback from paraspinal muscles to provide optimal standing postural control when the 

postural task becomes more difficult in people with LBP. Furthermore, Claeys et al. (2011) demonstrated 

similar conclusions both in standing as well as in sitting, associated with decreased variability in postural 

control strategy in LBP. These findings suggest that proprioceptive changes or impairments at the lumbar 

spine observed in people with LBP may also influence the performance of more dynamic total body 

movements in which the lumbosacral region plays a crucial kinematic role such as the STSTS movement.  

Consistent control of the COM is already shown to be important for successful STS performance (Reisman 

et al., 2002). This optimal control during movements with great mass redistribution (i.e. movements with a 

moderate to large shift of the COM) could be achieved by optimal pelvic initiation of the movement such as 

during the sit-up (Cordo and Gurfinkel, 2004). As a result, less lumbar proprioceptive inputs may decrease 

this optimal pelvic control and thus influence the performance of the STSTS movement. However, although 

changed kinematics during the STSTS movement are shown, the role of decreased postural control and 

associated impaired proprioception as a possible underlying mechanism for this altered performance, 

remains unclear.  

Therefore, the general aim of this study was to investigate if proprioceptive impairments demonstrated 

during static postural tasks in people with LBP are associated with an altered performance of a more 

dynamic task. As a dynamic task, the STSTS task was chosen because of its clinical usefulness and its 

good reliability (inter- and intratester) in healthy people as well as in people with LBP (Simmonds et al., 

1998). Furthermore, several variables seem to influence the performance of this task (Janssen et al., 

2002). Until now, the role of impaired proprioception on the performance of this task remains still obscure. 

The first specific aim of this study was to investigate if there is an association between altered 

proprioceptive postural control in people with LBP and the performance of the STSTS movement (dynamic 

task). The second specific aim was to investigate the role of the pelvis and the trunk in the performance of 

this dynamic tasks, based on the findings that (1) the lumbosacral region is demonstrated to show impaired 

proprioceptive capacities during static postural tasks (i.e. standing and sitting) in people with LBP 

(Brumagne et al., 2008b; Claeys et al., 2011) and (2) the lumbopelvic area plays a crucial kinematic role 

during the sit-to-stance movement in healthy subjects (Johnson et al., 2009). Muscle vibration, known as a 

strong stimulus for muscles spindles (Roll and Vedel, 1982), was used to more specifically appraise the 

proprioceptive steering of the subjects.  
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2 Methods 

2.1 Participants 

One hundred and six subjects with LBP and 20 healthy controls voluntarily participated in this study (Table 

1). Exclusion criteria were a history of vestibular disorders, neurological or respiratory disease, previous 

spinal surgery, structural spinal problems, radiculopathy and other musculoskeletal problems (limbs, neck 

or thorax) at the moment of the test. All subjects had to fill out four questionnaires: a Physical Activity 

Questionnaire (PAI) (Baecke et al., 1982), the Revised-Oswestry Disability Index (ODI-2) (Fairbank and 

Pynsent, 2000), the Fear Avoidance Beliefs Questionnaire (Waddell et al., 1993) and the Tampa Scale of 

Kinesiophobia (TSK) (Vlaeyen et al., 1995). In addition, they had to score the pain at the moment of testing 

on a numeric rating scale (NRSpain). Subjects were included in the LBP group if they reported a NRSpain 

> 0 and if they scored ODI > 6 at the moment of testing. However, when these subjects had an acute 

episode of LBP, they were rescheduled to another testing moment. The healthy controls did not report any 

pain (NRSpain = 0) and had an ODI score of 0.  

All subjects gave their written informed consent and all test procedures were approved by the Biomedical 

Research Ethics Committee of the K.U.Leuven with respect to the declaration of Helsinki.  

 

Table 1 Characteristics of the test population.  

 Healthy 

(N=20) 

SD persons with 

LBP (N=106) 

SD P-value 

male 7  25   

female 13  81   

age 18.5 0.5 18.5 0.5 NS 

height 170.0 8.5 170.9 9.1 NS 

weight 61.0 7.4 63.2 8.5 NS 

BMI 21.1 2.4 21.6 2.3 NS 

NRS pain (0-10) 0.0  2.0 2.2 S 
ODI-2 (0-100) 0.0  8.8 2.0 S 

TSK (17-68) 33.0 6.4 34.5 5.7 NS 

FABQPA (0-24) 4.4 5.8 8.9 5.9 S 

FABQW (0-42) 3.0 6.0 5.8 7.5 NS 

PAI 8.8 0.8 7.7 1.3 NS 

 
LBP = non-specific low back pain, BMI=Body Mass index, NRS = Numeric Rating Scale, ODI = Oswestry 
Disability Index, TSK = Tampa Scale for Kinesiophobia, FABQPA = Fear Avoidance Beliefs Questionnaire 
Physical Activity, FABQW= Fear Avoidance Beliefs Questionnaire Work, PAI = Physical Activity Scale (work 
index + sport index + leisure-time index, max. score: 5 + 5 + 5=15). NS means not-significant.  
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2.2 Experimental set-up 

2.2.1 Movement analysis  

Postural sway characteristics were measured using a six-channel strain gauges force plate (Bertec 

Corporation, OH, USA). Force plate data were sampled at 500 Hz using a Micro 1401 data-acquisition 

system and Spike2 software (Cambridge Electronic Design, UK) and low pass filtered with a cutoff 

frequency of 5 Hz. To evaluate trunk and pelvis position changes in space, two piezo-resistive 

accelerometers (ICSensors, UK), also connected with the data-acquisition system, were placed on the 

spinous processes of T1 and S2 vertebra in upright posture.  

2.2.2 Muscle vibration and Relative Proprioceptive Weighting (RPW) 

The role of proprioception in postural control was directly examined by means of muscle vibration, known 

as a powerful stimulus of Ia afferents (Roll and Vedel, 1982). The muscle spindles play a crucial role within 

the proprioceptive system. These proprioceptors are predominantly responsible for signaling position and 

movement (Proske and Gandevia, 2009). Low amplitude high frequency muscle vibration has been shown 

to specifically stimulate these proprioceptive afferents (Goodwin et al., 1972; Roll and Vedel, 1982; 

Brumagne et al., 2000). As a result, larger postural sways during postural control tasks are expected if the 

CNS uses the signals of the vibrated muscles for optimal postural control (Brumagne et al., 2004; 

Brumagne et al., 2008a). Thus, subjects mainly rely on ankle muscle proprioceptive signals if they show 

large posterior postural sways during ankle muscle vibration (i.e. ankle strategy). In contrast, they rely on 

back muscle proprioceptive inputs if they show anterior postural sways during multifidus muscle vibration 

(i.e. multi-segmental strategy) 

Two self-manufactured muscle vibrators (Maxon motors, Switzerland) were applied bilaterally to triceps 

surae muscles or to lumbar multifidus muscles, respectively. These muscles were selected, based on 

previous studies to represent the muscles used in an ankle-steered strategy or a multi-segmental strategy, 

respectively (Brumagne et al., 2008b). Activation and deactivation of the vibrators was manually controlled. 

The frequency of the vibration was set at 60 Hz and the amplitude was approximately 0.5 mm. These 

characteristics of vibration were chosen to induce maximal illusory joint movement and were demonstrated 

to induce a significant muscle lengthening illusion in healthy individuals (Roll and Vedel, 1982; Cordo et al., 

2005). When the CNS is using the signals of the vibrated muscles for postural control, larger directional 

sways are expected. The direction of the postural sway depends on the reference frame the CNS is using 

for postural control (Gurfinkel et al., 1995; Brumagne et al., 2008a) When triceps surae muscles are 

vibrated during standing, the rigid body above the ankle joint is considered by the CNS as the ‘mobile’ part 

of the body compared to the ‘stationary’ feet. Triceps surae muscle vibration will induce an illusion of ankle 

dorsiflexion (lengthening illusion of the m. triceps surae). Consequently, the direction of the sway will be 

backwards if the CNS uses these proprioceptive signals for postural control to prevent falling. In contrast, 

lumbar multifidus vibration during standing results in a forward sway if the CNS uses these proprioceptive 

signals for postural control. The back muscle lengthening illusion corresponds with a posterior pelvic 

rotation (backward displacement of COM) if the sacrum-pelvis is considered by the CNS as the ‘mobile’ 

body part compared to the ‘stationary’ legs. Therefore, the CNS will react with an anterior rotation of the 

pelvis (forward displacement of COM) to prevent falling.’ 
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2.3 Test procedure 

All subjects filled out the questionnaires before they performed the tests evaluating proprioception on the 

force plate. During these tests, they only wore shorts and a bra for the female subjects. To standardize the 

feet position during the different trials a transparent film (both feet 10 cm separated) was used. All trials had 

a duration of 60 seconds (Table 2). During the four standing trials (Trials 1, 2, 4 and 5), muscle vibration 

was initiated 15 seconds after the start of the trial for a duration of 15 seconds. For the STSTS trials (Trials 

3 and 6) subjects sat on a stable stool with height adjusted to create a rectangle between the greater 

trochanter – lateral femoral condyle line and the lateral femoral condyle – lateral malleolus line, 

respectively. Feet position was standardized using the same transparency sheet from the standing trials. 

Subjects were asked to adopt a usual sitting posture before performing the movements. Subjects had to 

perform five STSTS repetitions as fast as possible after a verbal signal (‘start’) by the researcher operating 

a PC connected to the data-acquisition system.  

In all trials vision was occluded and subjects were asked to remain as immobile, but relaxed as possible in 

upright standing or usual sitting posture, respectively, with the arms hanging loosely along the body. 

During Trials 4, 5 and 6, a “foam” condition was used to create a postural condition in which ankle 

proprioceptive signals were less reliable and therefore the CNS should rely even more on other 

proprioceptive signals to control posture (Ivanenko et al., 1999).  

 

Table 2 Overview of the different test trials on the force plate 

Trial 1 Standing on a stable support with muscle vibration on triceps surae muscles 

 Standing 15 s. Standing  

+ vibe 15 s. 

Standing 30 s. 

Trial 2 Standing on a stable support with muscle vibration on multifidus muscles 

 Standing 15 s. Standing  

+ vibe 15 s. 

Standing 30 s. 

Trial 3 5 repetitions of the STSTS movement on a stable support as fast as possible 

 Sitting 15 s. 5 repetitions 

STSTS 

Sitting till end of trial 

Trial 4 Standing on an unstable support  (foam)  with muscle vibration on triceps surae 

muscles 

 Standing 15 s. Standing  

+ vibe 15 s. 

Standing 30 s. 

Trial 5 Standing on an unstable support (foam) with muscle vibration on multifidus muscles 

 Standing 15 s. Standing  

+ vibe 15 s.  

Standing 30 s.  

Trial 6 5 repetitions of the STSTS movement on an unstable support (foam) as fast as 

possible 

 Sitting 15 s. 5 repetitions 

STSTS 

Sitting till end of trial 

STSTS = sit-to-stance-to-sit 
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2.4 Data analysis 

Displacements of the center of pressure (COP) in anterior-posterior direction were estimated from the raw 

force plate data using the equation: 

𝐂𝐎𝐏 =
𝑀𝑥
𝐹𝑧  

Furthermore, proprioceptive control strategy or Relative Proprioceptive Weighting (RPW) was appraised 

using the equation:  

𝐑𝐏𝐖
𝑇𝑆
𝐿𝑀  =

(𝑎𝑏𝑠 𝑇𝑆)
(𝑎𝑏𝑠 𝑇𝑆 +  𝑎𝑏𝑠 𝐿𝑀) 

In this formula ‘abs TS’ is the absolute value of the mean COP displacement during triceps surae muscle 

vibration minus the absolute value of the mean COP displacement during the previbration (baseline) period 

and ‘abs LM’ is the absolute value of the mean COP displacement during lumbar multifidus muscle 

vibration minus the absolute value of the mean COP displacement during the previbration period. A score 

equal to 1 corresponds to 100% reliance on triceps surae muscle afference. A score equal to 0 

corresponds to 100% reliance on lumbar multifidus muscle afference.  

In all standing trials (1, 2, 4 and 5), mean values were calculated to appraise the RPW values. During the 

STSTS trials, the total duration of the five consecutive repetitions as well as the duration of each stance, sit 

and movement phase was recorded. This subdivision in distinct phases was made based on mean values 

of the COP: to define the stance phase, the mean value of the COP of during usual standing was used; to 

define the sit phase, the mean value of the COP of during usual sitting was used (Fig. 1). This use of the 

force plate data to analyze the duration the STS movement has been demonstrated to be a valid method 

(Arcelus et al., 2009). To have more insight into the kinematics of the trunk and pelvis, the onsets of the 

pelvic rotation were recorded by the S2 accelerometer at movement initiation. During the five repetitions, 

the onsets of pelvic rotation (S2 accelerometer) relative to the onsets of trunk movement (T1 

accelerometer) were also recorded. 

 

 
Figure 1 Raw data of the mean values of the anterior-posterior displacement of the center of pressure (COP) of one sit-
to-stance-to-sit (STSTS) movement sequence. Stance and sit phases were defined based on the mean values of the 
COP during usual standing and usual sitting trials, respectively. 
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Differences in RPW-values between the conditions, between the trials, and between the LBP and healthy 

group were compared, based on repeated measures analysis of variance (ANOVA/MANOVA). 

Furthermore, investigating the STSTS trials, differences in total duration, in duration of the different phases 

as well as in pelvic rotation onsets between both groups were also calculated based on repeated measures 

analysis of variance (ANOVA/MANOVA). Where a significant main and interaction effect was found, post 

hoc tests (Tukey’s unequal N HSD) were performed to further analyze the detailed effects. All data are 

presented as means ± standard deviations (SD). The level of statistical significance was set at p ≤ 0.05. 

The statistical analysis was performed with Statistica 9 (Statsoft, OK, USA). 

3 Results 

3.1 Standing 

People with LBP rely more on ankle muscle proprioceptive inputs compared to healthy controls in both 

standing conditions (RPW stable: healthy 0.63 + 0.16 vs. LBP 0.75 +  0.16, p < 0.0001; RPW unstable: 

healthy 0.39 + 0.13 vs. LBP 0.55 + 0.20, p < 0.0001). Fig. 2 illustrates the RPW values for both groups in 

both conditions.  

 
Figure 2 Results of the Relative Proprioceptive Weighting (RPW) values of the standing trials. Higher RPW-values 
indicate more reliance on ankle muscle proprioceptive inputs in people with non-specific low back pain (NSLBP) in both 
standing conditions.  
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3.2 Sit-to-stance-to-sit  

3.2.1 Duration 

With feet on a stable support surface, persons with LBP needed significantly more time to perform the five 

consecutive STSTS movements (LBP: 9.33 s + 1.49 s vs. healthy: 8.29 s + 1.23 s; p< 0.005). This longer 

duration is mainly caused by significantly longer stance phases (LBP: 1.22 s + 0.20 s vs. healthy: 1.08 s + 

0.15 s; p< 0.05; Fig. 3), while all other phases were not significantly different between the two groups (p> 

0.05).  

 

 
Figure 3 Mean duration (s) of 1 STSTS movement of both groups with feet on a stable surface, * means a significant 
difference (P<0.05).  
 
 

With both feet on an unstable support surface, people with LBP again needed more time compared to the 

healthy controls to perform the five STSTS repetitions (LBP: 8.96 + 1.18 s vs. healthy: 8.30 s + 1.23 s; p< 

0.005). This longer performance is caused by both longer stance phases (LBP: 1.15 s + 0.08 s vs. healthy: 

1.03 s + 0.04 s; p< 0.05) and longer sit phases --, while the sit-to-stance and stance-to-sit movements had 

equal durations in people with LBP and healthy controls (p> 0.05).  
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Figure 4 Mean duration (s) of 1 STSTS movement of both groups with feet on an unstable surface, * means a significant 
difference (P<0.05). 

3.2.2 Pelvic rotation onsets 

To have more insight in the pelvic rotation onsets during the performance of the STSTS, onsets of pelvic 

rotation during the STSTS were recorded by the accelerometers and analyzed. Negative values indicate 

anticipatory movement of the pelvis; positive values illustrate pelvic movement after the start of the focal 

movement. There was a significantly later anterior pelvic rotation onset in the LBP group compared to the 

healthy group in both conditions (p< 0.005) to start up the five STSTS repetitions. During the movement 

sequence, the initiating movement of the pelvis was significantly earlier in the healthy group compared to 

the LBP group when moving from sit-to-stance on foam (Table 3, figure 5).  

 

Table 3 Anterior pelvic rotation onsets (seconds) 

  Healthy 
N=20 

LBP 
N=106 

 

Condition Phase Mean SD Mean SD P 
Stable Start STSTS 0.10 s. 0.08 s. 0.14 s. 0.14 s. S 

Foam Start STSTS -0.05 s. 0.17 s. 0.14 s. 0.15 s. S 

       

Stable Sit-stance -0.04 s. 0.01 s. -0.04 s. 0.00 s. NS 

 Stance-sit -0.16 s. 0.01 s. -0.26 s. 0.03 s. NS 

       

Foam Sit-stance -0.08 s. 0.09 s. -0.05 s. 0.06 s. S 

 Stance sit -0.38 s. 0.17 s. -0.37 s. 0.09 s.  NS 

 
Start STSTS: mean onset of anterior pelvic rotation relative to the initiation of the five repetitions of the sit-to-
stance-to-sit movement; Sit-stance: mean onset of anterior pelvic rotation relative to T1 when moving from sit 
to stance; Stance-sit: mean onset of pelvic movement relative to T1 when moving from stance to sit; P≤0.05 
means significant difference (S); p>0.05 means no significant difference (NS).  
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Figure 5 Graphic representation of A: Earlier onsets of anterior pelvic rotation of a healthy subject to start the 
STSTS and during the movement sequences (sit-to-stance phase). B: delayed anterior pelvic rotation relative 
to T1 during the movement sequences. 

4 Discussion 

The main finding of this study is that people with LBP demonstrated a decreased use of lumbar 

proprioceptive inputs and performed the STSTS movement significantly slower than healthy subjects 

presenting with a more optimal proprioceptive control. Different from previous studies analyzing the STSTS 

(Simmonds et al., 1998; Shum et al., 2005), this study applied a methodological approach to sub-analyze 

the STSTS in distinct phases (sit, sit-to-stance, stance and stance-to-sit) based on the COP trajectories. 

Interestingly, this slower performance of the total task was the result of a decrease in speed during the 

preparatory (transition) phases and not during the focal movement phases. During these preparatory 

phases (i.e. stance and sit) the direction of the COM of the body switches in the opposite direction. 

In our opinion, the additional sub-analysis in distinct phases is important to have more insight into 

underlying mechanisms of altered postural control and body kinematics during the STSTS in people with 

LBP. According to Cordo and Gurfinkel (2004) two phases can be distinguished during complex sagittal 

movements: a preparatory phase and a movement phase. During the preparatory phase, the CNS prepares 

the body for an optimal movement performance with minimal energy demands during the movement phase 

(Cordo et al., 2006; Shum et al., 2009). The initiation of pelvic movement to transfer the COM is 

demonstrated to be crucial during this preparatory phase (Cordo and Gurfinkel, 2004). In the current study, 

altered pelvic kinematics (i.e. delayed onsets) during these transitional phases were found in the patient 

group compared to the healthy group. This delay in movement preparation forms the basis for the longer 

duration of the total movement. Moreover, this also confirms why the STSTS movement is more energy 
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demanding in people with LBP as already demonstrated by Shum et al. (2009). It may be hypothesized that 

the delay in anterior pelvic rotation initiation results in more trunk flexion during the STSTS movement. 

Furthermore, repeated flexion combined with mild compressive loads is an important risk factor in the 

development of intervertebral disc injuries, such as posterior disc herniation (McGill, 2004). The STSTS 

movement is on average 60 times performed daily (Dall and Kerr, 2010). Consequently, the high frequency 

of the STSTS movement in combination with the increased flexion-compression component during the 

movement in subjects with LBP may be a risk factor to develop or maintain spinal pain (Callaghan and 

McGill, 2001; McGill, 2004). Further (prospective) studies are needed to underscore or refute this 

hypothesis. 

Delayed onsets of deeper abdominal muscle activity is already demonstrated to compromise feedforward 

lumbopelvic control in people with LBP (Hodges et al., 2003; Jacobs et al., 2009). As a result, the delay in 

lumbopelvic control may not only compromise postural robustness, but also the performance of total body 

movements where this region plays a crucial biomechanical role to transfer the COM efficiently (Cordo and 

Gurfinkel, 2004). A second possible mechanism in the delay of anterior pelvic rotation onsets, may be the 

decreased proprioceptive afference from the lumbar multifidus as demonstrated during standing and sitting 

in LBP (Brumagne et al., 2008b; Claeys et al., 2011). The lumbar multifidus plays an important role in the 

initiation of anterior pelvic rotation (Claus et al., 2009). The delays in pelvic movement initiation were mostly 

observed in all sit phases (start STSTS stable and foam, sit phase during the movement on foam; Table 3) 

but not during the stance phases. Moving from sit-to- stance may be a more energy demanding task in 

which movement preparation by anterior pelvic rotation is more crucial compared to the stance-to-sit 

movement (Shum et al., 2009).   

The presence of pain could be another possible mechanism to explain the delay in onset of anterior pelvic 

rotation, the longer duration of the sit phase and the associated longer preparatory transition phases. 

However, in this study, the subjects with LBP had fairly mild pain at the moment of testing (VAS pain=2.0± 

2.2). Moreover, patients with an acute episode of pain were rescheduled. Thus, it is unlikely that pain was 

the main causing factor for these lumbopelvic postural control changes in the current study. Besides altered 

sensorimotor control, also kinesiophobia, beliefs and decreased physical activity have been proposed as a 

mechanism associated with changed movement patterns in people with LBP (Hodges and Moseley, 2003). 

From this perspective it has to be noted that subjects in the current study had very low scores on 

questionnaires evaluating these factors (Table 1). Furthermore, scores on PAI-index, TAMPA scale for 

kinesiophobia and FABQW were not statistically different between both groups. Only the score on the 

FABQPA was statistically significant, but the values on FABQPA were very low. Based on these results, 

these variables may not clarify the difference in movement pattern between both groups. 

The association between a longer duration of the STSTS and altered kinematics of the pelvis demonstrated 

in this study may be a risk factor to develop or sustain LBP, due to the daily frequently performed STSTS in 

a working population (Dall and Kerr, 2010). Disrupted motor coordination is demonstrated to be a 

mechanism in the development of chronic LBP (Panjabi, 2006). However, prospective studies are 

necessary to clarify the relationship between reduced proprioception in the lumbosacral area and delayed 

onsets of preparatory pelvic movements in voluntary movements as a mechanism in the development or 

maintenance of LBP.  

The results of this study may have some clinical consequences. First, the rehabilitation of the 

proprioceptive impairments in the lumbosacral region in people with (mild) LBP needs further attention. 

Exercises must stimulate people to rely more on back muscle proprioceptive inputs in postural control. 

Performing postural control exercises on unstable surfaces and in different postural conditions (e.g., 

standing, sitting, sit-to-stance-to-sit) may be fruitful to stimulate a more multisegmental (including more 

http://dx.doi.org/10.1016/j.jelekin.2012.04.007
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reliance on lumbar multifidus proprioceptive inputs) proprioceptive postural control strategy. Second, 

besides exercises in static postural conditions, dynamic movements must be retrained. Lastly, current 

results suggest to include pelvic control exercises during movements requiring a redistribution of the COM, 

such as the STSTS. It is hypothesized that optimal pelvic control (e.g. anterior pelvic rotation initiation), 

especially during preparatory or transition phases of these movements, may improve the performance of 

this task and could be fruitful in rehabilitation and/or prevention of reoccurrence of LBP. 

Despite this novel insight into the STSTS, the current study has some limitations. A first limitation is the use 

of 2-dimensional instead of 3-dimensional accelerometers. Three-dimensional accelerometers could give 

additional kinematical information on rotational movements of the pelvis and the trunk. Compensatory 

rotation in the transverse plane may cause higher loads on spinal tissues and could play an important role 

in the development of spinal pain (Shum et al., 2007). Second, a more detailed analysis of trunk motion, 

based on sub-dividing the trunk in different segments (e.g. pelvis, lower lumbar, upper lumbar, lower 

thoracic, upper thoracic), is essential for understanding the altered trunk motion in people with LBP. 

Besides changes in pelvic rotation onsets, also other trunk regions may have altered temporal behavior 

during the STSTS in this population (Johnson et al., 2009). A third limitation may be the characteristics of 

the test group: a group of young people with mild LBP. Therefore, these results cannot be generalized to 

older and more disabled patients with LBP. Future studies are necessary in different age groups to have 

more insight in the role of age as an influencing factor in static and dynamic postural control changes 

during STSTS. Finally, the cross-sectional study-design does not provide an answer on the cause or result 

question. Despite the association between impaired proprioception and an altered performance of static 

and dynamic tasks, current findings do not clarify if proprioceptive changes are a result of LBP or actually 

cause LBP. Prospective studies investigating proprioception in both static and dynamic postural control 

conditions are necessary to clarify this research question. 

5 Conclusion 

Transitioning between sitting and standing is a common daily activity often reported as an aggravating 

activity in patients with LBP. This study illustrates that in people with mild LBP a suboptimal proprioceptive 

control strategy is associated with a slower performance of the STSTS. A more detailed analysis showed 

longer durations of the preparatory (transitional) phases and not during the focal movement phases. During 

these preparatory phases, delayed onsets of anterior pelvic movement were observed. Results suggest 

that decreased proprioceptive afference from the lumbar multifidus is associated with these delayed pelvic 

rotation onsets. In addition, prospective studies are necessary to further clarify if LBP leads to altered 

proprioceptive postural control and maladaptive dynamic task performance or if altered proprioception and 

performance of movements may lead to LBP. 

  

http://dx.doi.org/10.1016/j.jelekin.2012.04.007
http://www.jelectromyographykinesiology.com/home/


 

 Published version: http://dx.doi.org/10.1016/j.jelekin.2012.04.007  
14  |  Journal homepage: http://www.jelectromyographykinesiology.com/home/  

REFERENCES 

Arcelus A, Herry CL, Goubran RA, Knoefel F, Sveistrup H, Bilodeau M. Determination of sit-to-stand 
transfer duration using bed and floor pressure sequences. IEEE Trans Biomed Eng 
2009;56(10):2485-2492. 

Baecke JA, Burema J, Frijters JE. A short questionnaire for the measurement of habitual physical activity in 
epidemiological studies. Am J Clin Nutr 1982;36(5):936-942. 

Brumagne S, Cordo P, Lysens R, Verschueren S, Swinnen. The role of paraspinal muscle spindles in 
lumbosacral position sense in individuals with and without low back pain.  Spine 2000;25(8):989-994. 

Brumagne S, Cordo P, Verschueren S. Proprioceptive weighting changes in persons with low back pain 
and elderly persons during upright standing. Neurosci Lett 2004;366(1):63-66. 

Brumagne S, Janssens L, Janssens E, Goddyn L.  Altered postural control in anticipation of postural 
instability in persons with recurrent low back pain. Gait Posture 2008a;28(4):657-662. 

Brumagne S, Janssens L, Knapen S, Claeys K, Suuden-Johanson E. Persons with recurrent low back pain 
exhibit a rigid postural control strategy. Eur Spine J 2008b;14(9):1177-1184.  

Callaghan  JP, McGill SM. Intervertebral disc herniation: studies on a porcine model exposed to highly 
repetitive flexion/extension motion with compressive force. Clin Biomech 2001;16(1):28-37. 

Carver S, Kiemel T,  Jeka JJ. Modeling the dynamics of sensory reweighting. Biol Cybern 2006;95(2):123-
134. 

Claeys K, Brumagne S, Dankaerts W, Kiers H, Janssens L. Decreased variability in postural control 
strategies in young people with non-specific low back pain is associated with altered proprioceptive 
reweighting. Eur J Appl Physiol 2011;111(1):15-123. 

Claus AP, Hides  A, Moseley GL, Hodges PW. Different ways to balance the spine: subtle changes in 
sagittal spinal curves affect regional muscle activity. Spine 2009;34(6):E208-E214. 

Cordo PJ, Gurfinkel VS. Motor coordination can be fully understood only by studying complex movements. 
Prog Brain Res 2004;143:29-38. 

Cordo PJ, Gurfinkel VS, Brumagne S, Flores-Vieira C. Effect of slow, small movement on the vibration-
evoked kinesthetic illusion. Exp Brain Res 2005;167(3):324-334. 

Cordo PJ, Hodges PW, Smith TCS, Brumagne S, Gurfinkel VS. Scaling and non-scaling of muscle activity, 
kinematics, and dynamics in sit-ups with different degrees of difficulty. J Electromyogr Kinesiol 
2006;16(5):506-521. 

Dall PM, Kerr A. Frequency of the sit to stand task: An observational study of free-living adults. Appl Ergon 
2010;41(1):58-61. 

Descarreaux M, Blouin JS, Teasdale N. Repositioning accuracy and movement parameters in low back 
pain subjects and healthy control subjects. Eur Spine J 2005;14(2):185-191. 

Fairbank JC, Pynsent PB.  The Oswestry Disability Index. Spine 2000;25(22):2940-2952. 
Goodwin GM, McCloskey DI, Matthews PB. Proprioceptive illusions induced by muscle vibration: 

contribution by muscle spindles to perception. Science 1972;175(28):1382-1384. 
Gurfinkel VS, Ivanenko Y, Levik Y, Babakova IA. Kinesthetic reference for human orthograde posture. 

Neuroscience 1995;68(1):229-243. 
Henry SM, Hitt JR, Jones SL, Bunn JY. Decreased limits of stability in response to postural perturbations in 

subjects with low back pain: Clin Biomech 2006;21(9):881-892. 
Hodges PW, Moseley GL. Pain and motor control of the lumbopelvic region: effect and possible 

mechanisms. J Electromyogr Kinesiol 2003;13(4):361-370. 
Hodges PW, Moseley GL, Gabrielsson A, Gandevia SC. Experimental muscle pain changes feedforward 

postural responses of the trunk muscles. Exp Brain Res 2003;151(2):262-271. 
Ivanenko YP, Talis VL, Kazennikov OV. Support stability influences postural responses to muscle vibration 

in humans. Eur J Neurosci 1999;11(2):647-654. 
Jacobs  JV, Henry SM, Nagle KJ. People with chronic low back pain exhibit decreased variability in the 

timing of their anticipatory postural adjustments. Behav Neurosci 2009;123(2):455-458. 
Janssen WG, Bussmann HB, Stam HJ. Determinants of the sit-to-stand movement: a review.  Phys Ther 

2002;82(9):866-879. 
Johnson MB, Cacciatore TW, Hamill J, Emmerik RE. Multi-segmental torso coordination during the 

transition from sitting to standing. Clin Biomech 2009;25(3):199-205. 
McGill SM. Linking latest knowledge of injury mechanisms and spine function to the prevention of low back 

disorders. J Electromyogr Kinesiol 2004;14(1):43-47. 
Mientjes MI, Frank JS. Balance in chronic low back pain patients compared to healthy people under various 

conditions in upright standing. Clin Biomech 1999;14(10):710-716. 
Mok NW, Brauer SG, Hodges PW. Hip strategy for balance control in quiet standing is reduced in people 

with low back pain. Spine 2004;29(6):E107-E112. 
Mok NW, Brauer SG, Hodges P W. Failure to use movement in postural strategies leads to increased 

spinal displacement in low back pain. Spine 2007;32(19):E537-E543. 
Newcomer K L, Laskowski ER, Yu B, Johnson JC, An KN. Differences in repositioning error among patients 

with low back pain compared with control subjects. Spine 2000;25(19):2488-2493. 
Panjabi MM. A hypothesis of chronic back pain: ligament subfailure injuries lead to muscle control 

dysfunction. Eur Spine J 2006;15(5):668-676. 
Proske U, Gandevia SC. The kinaesthetic senses. J Physiol 2009;587(17):4139-4146. 

http://dx.doi.org/10.1016/j.jelekin.2012.04.007
http://www.jelectromyographykinesiology.com/home/


 

Published version: http://dx.doi.org/10.1016/j.jelekin.2012.04.007 
Journal homepage: http://www.jelectromyographykinesiology.com/home/ |  15 

Radebold A, Cholewicki J, Polzhofer GK, Greene HS. Impaired postural control of the lumbar spine is 
associated with delayed muscle response times in patients with chronic idiopathic low back pain. 
Spine 2001;26(7):724-730. 

Reisman DS, Scholz JP, Schoner G. Coordination underlying the control of whole body momentum during 
sit-to-stand. Gait Posture 2002;15(1):45-55. 

Roll JP, Vedel JP. Kinaesthetic role of muscle afferents in man, studied by tendon vibration and 
microneurography. Exp.Brain Res 1982;47(2):177-190. 

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

Shum GL, Crosbie J, Lee RY. Three-dimensional kinetics of the lumbar spine and hips in low back pain 
patients during sit-to-stand and stand-to-sit. Spine 2007;32(7):E211-E219. 

Shum GL, Crosbie J, Lee RY. Energy transfer across the lumbosacral and lower-extremity joints in patients 
with low back pain during sit-to-stand. Arch Phys Med Rehabil 2009;90(1):127-135. 

Simmonds MJ, Olson SL, Jones S, Hussein T, Lee CE, Novy D, Radwan H. Psychometric characteristics 
and clinical usefulness of physical performance tests in patients with low back pain. Spine 
1998;23(22):2412-2421. 

Vlaeyen JW, Kole-Snijders AM, Boeren RG, van Eek H. Fear of movement/(re)injury in chronic low back 
pain and its relation to behavioral performance. Pain 1995;62(3):363-372. 

Waddel G, Newton M, Henderson I, Somerville D, Main C J. A Fear-Avoidance Beliefs Questionnaire 
(FABQ) and the role of fear-avoidance beliefs in chronic low back pain and disability. Pain 
1993;52(2):157-168. 

 

http://dx.doi.org/10.1016/j.jelekin.2012.04.007
http://www.jelectromyographykinesiology.com/home/


 

 

 

 

 
 

 
 

Research Coordination Office 
Huis Bethlehem 

Schapenstraat 34 
B-3000 Leuven 

Belgium 
Tel.: +32 16 32 40 65 
Fax: +32 16 32 41 98 

onderzoek@kuleuven.be 
www.kuleuven.be 

mailto:onderzoek@kuleuven.be

	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Experimental set-up
	2.2.1 Movement analysis 
	2.2.2 Muscle vibration and Relative Proprioceptive Weighting (RPW)

	2.3 Test procedure
	2.4 Data analysis

	3 Results
	3.1 Standing
	3.2 Sit-to-stance-to-sit 
	3.2.1 Duration
	3.2.2 Pelvic rotation onsets


	4 Discussion
	5 Conclusion

