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ABSTRACT

Load carriage has become a concern in many industrialized countries and problems of musculoskeletal pain and
stress on spinal structures due to load carriage have been widely reported. Various studies have been conducted to
investigate the etiology of back pain due to load carriage. As people with low back pain exhibit abnormal spinal
control, effects of load carriage on spinal control have been investigated in static upright stance. However, its effect
on dynamic spinal control is not clear. In this study, the effects of load carriage on dynamic spinal control were
investigated. Lumbopelvic movement control of 12 healthy female volunteers was quantified whilst performing a
reaching task under four loading conditions, i.e. no load, carrying backpack of 5%, 10% and 15% body weight
(BW). It was shown that lumbopelvic coordination was less in-phase and more variable during load carriage of 10%
and 15%BW in forward reaching movement, suggesting greater alteration in spinal motor control at heavier weights.
As  abnormal  movement  strategies  tend  to  increase  the  risk  of  spinal  injury,  pragmatic  approaches  should  be
considered to eradicate the adverse effect of heavy load carriage on spinal motor control. 
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INTRODUCTION

Load carriage has been a concern in many industrialized countries as it was shown to be highly associated with load
back pack (van Vuuren et al., 2007; Waddell, 1996). Various studies have been conducted to investigate the etiology
of back pain due to load carriage. Carrying a load in form of a backpack has been found to decrease muscle activity
of the erector spinae (Motmans et al., 2006) with decreased lumbar lordosis (Chow et al., 2005). As people with low
back pain was shown to exhibit abnormal spinal control (Hodges and Moseley, 2003), effects of load carriage on
spinal control have been investigated in static upright stance (Chow et al., 2007). However, its effect on dynamic
spinal control has not yet been investigated. The purpose of this study was to evaluate the kinematic effects of load
carriage  on spinal  motor control  under  dynamic conditions.  Motor control  is  defined  as  the ability  to  regulate
movement. According to the principles of dynamical systems theory, movement patterns are arisen from synergistic
organization of the neuromuscular system (Kurz and Stergiou, 2004). Movement patterns are the result of individual
muscles  and  neuro-pathways  collectively  working  together  to  achieve  a  functional  outcome  that  meets  the
requirements of the system (Kelso and Fuchs, 1995). Silfies et al. (2009) quantified lumbopelvic control differences
between patients with low back pain and asymptomatic controls using inter-segmental  coordination and pattern
variability. Movement variability was quantified in terms of mean absolute relative phase (MARP) and deviation
phase  (DP)  denoting the  degree  of  in-phase relationship between  two segments  and the degree  of  variation  in
movement  pattern,  respectively  (Silfies  et  al.,  2009).  In  this  study,  the  kinematic  effect  of  load  carriage  on
lumbopelvic  coordination  was  assessed  by  the  functional  reach  test  (Duncan et  al.,  1990)  with  subjects  under
conditions of no load, and backpack carriage of 5%, 10% and 15% body weight (BW). 
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METHODOLOGY 

Experimental Details

Twelve healthy female volunteers without any history of musculoskeletal disorders were recruited. Subjects were
advised not to participate in any intense physical  activity the day prior to the experiment.  Ethical  consent was
obtained from each subject prior to the experiment. Reflective markers were affixed to the subjects’ lumbar spine
and pelvis as well as the dominant side at the ulna head, greater trochanter and lateral condyle. Coordinates of the
markers  were  monitored by a motion analysis system at  100 Hz (Vicon Nexus,  Oxford Metrics,  Oxford,  UK).
Lumbopelvic movement of each participant in performing forward reaching task was assessed under four loading
conditions, i.e. no load, carrying a dummy backpack of 5%, 10% and 15% BW, in randomized order and with rest
given between tests. The dummy backpack consisted of a reversed U-shape frame to allow markers attached to the
subject’s back to be seen by the motion analysis system. Standard functional reach test was used to determine the
maximal reaching distance of each subject under each loading condition. Target was set at half of the maximum
reaching distance in performing the forward reaching task. Subjects were required to complete each reach in 6s (3s
forward,  3s  back)  with the aid  of  a  metronome and measurements  were  made in  both  forward  and  backward
movements. 

Data Analysis

The acquired data were low-pass filtered with cutoff  frequency at  6 Hz (DiGiovine et  al.,  2000). Data of each
repetition was resampled and normalized to 50 points for  forward  motion and 50 points for  backward motion.
Lumbopelvic coordination was quantified by a phase plot  by plotting the angular  displacement  against  angular
velocity of the lumbar and pelvis (Figure 1). 

Figure 1. Determination of the phase angle of the lumbar spine.

Phase angle of  each data point  throughout the entire  motion was determined.  A continuous relative phase was
determined  as  the  absolute  difference  between  phase  angles  of  the  lumbar  and  pelvis  (Silfies  et  al.,  2009).
Differences between continuous relative phase curves were quantified by two additional parameters, namely Mean
Absolute Relative Phase (MARP) and Deviation Phase (DP) (Stergiou et al., 2001). MARP was determined as the
average of the relative phase values over the continuous relative phase curve, where a lower MARP value would
indicate a more in-phase relationship of the segments and a higher MARP value would indicate a more out-of-phase
relationship (Silfies et al., 2009). Deviation phase was defined as the average of standard deviations of the ensemble
continuous relative phase curve points. A lower DP value would indicate more stable movement pattern and a higher
DP value would indicate more variation in movement pattern (Silfies et al., 2009). The results were compared using
one-way repeated measure analysis of variance (IBM SPSS Statistics 20, Inc., Chicago, IL, IBM, USA) with level of
significance was set at p<0.05 and Bonferroni criterion was adopted for post-hoc comparisons.
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RESULTS

The mean (SD) age, body weight and height of the subjects were 20.9 (1.3) years, 50.9 (5.3) kg, and 158.4 (5.0) cm,
respectively.  A significant  decrease  in the maximum reaching distance with load was observed (p<0.001).  The
maximum reaching distances at 5%, 10% and 15%BW were significantly less than that of the unloaded condition
(Figure 2). In forward reaching motion, there was a significant increase in both MARP and DP with load with
p<0.001 and p=0.005, respectively (Figure 3). MARP in forward reaching motion when the subjects were carrying a
load of 10% and 15% BW were significantly larger than that of the unloaded condition. DP in forward reaching
motion  at  15% BW load  carriage  was  significantly  larger  than  that  of  the  unloaded  condition.  There  was  no
significant change in MARP and DP with load in backward return motion with p=0.156 and p=0.052, respectively
(Figure 3). 

Figure 2. Maximum reaching distance significantly decreased with load (*for P<0.05)

Figure  3.  MARP (left)  and  DP (right)  at  different  loading  conditions in  forward  and  backward  motion (*  for
P<0.05).

DISCUSSION & CONCLUSIONS

Forward reaching task was employed as the standardized movement to investigate the effects of load carriage on
dynamic spinal control in this study. Functional reaching distance has been used clinically for evaluating balance
control stability (Duncan et al., 1990). Lack of balance can cause excessive loads on the spine due to over activation
of muscles for maintaining equilibrium. As there was a significant decrease in maximum reaching distance with
load, balance control was significantly affected by load carriage. 

It was evident that lumbopelvic coordination was less in-phase and became variable during load carriage of 10% and
15% BW only in forward reaching movement. This finding revealed that greater alteration in trunk motor control at
heavier weights and there was a greater tolerance for load carriage in backward return motion. While load carriage
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in form of a backpack was shown to may alter movement control, further study is required to confirm whether this
alteration contributes towards back pain or not. Nevertheless, as abnormal movement strategies tend to increase the
risk of spinal injury, pragmatic approaches should be considered to eradicate the adverse effect of load carriage on
spinal motor control. 
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