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Does a patient’s physical activity predict recovery
from an episode of acute low back pain?
A prospective cohort study
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Abstract

Background: Advice to remain active and normalisation of activity are commonly prescribed in the management
of low back pain (LBP). However, no research has assessed whether objective measurements of physical activity
predict outcome and recovery in acute low back pain.

Method: The aims of this study were to assess the predictive relationship between activity and disability at
3 months in a sub-acute LBP population. This prospective cohort study recruited 101 consenting patients with sub-
acute LBP (< 6 weeks) who completed the Roland Morris Disability Questionnaire (RMDQ), the Visual Analogue
Scale, and resumption of full ‘normal’ activity question (Y/N), at baseline and 3 months. Physical activity was
measured for 7 days at both baseline and at 3 months with an RT3 accelerometer and a recall questionnaire.

Results: Observed and self-reported measures of physical activity at baseline and change in activity from baseline
to 3 months were not independent predictors of RMDQ (p > 0.05) or RMDQ change (p > 0.05) over 3 months. A
self-report of a return to full ‘normal’ activities was significantly associated with greater RMDQ change score at
3 months (p < 0.001). Paired t-tests found no significant change in activity levels measured with the RT3 (p = 0.57)
or the recall questionnaire (p = 0.38) from baseline to 3 months.

Conclusions: These results question the predictive role of physical activity in LBP recovery, and the assumption that
activity levels change as LBP symptoms resolve. The importance of a patient’s perception of activity limitation in
recovery from acute LBP was also highlighted.

Trial registration: Clinical Trial Registration Number, ACTRN12609000282280

Keywords: Physical activity, Acute low back pain, Recovery, Predictor, Cohort
Background
Maintenance and normalization of activity and an early
return to work are key clinical guideline recommenda-
tions in the management of acute low back pain (LBP)
[1,2]. Others have hypothesised that deconditioning re-
sults from prolonged LBP [3], as part of which disability
and pain exacerbate patients’ beliefs to refrain from
physical activity (PA) [4]. Hasenbring [5] previously de-
scribed the potential behavioural adaptations to LBP, with
fear avoidance being the potential mediator of decreased
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activity in LBP populations [6]. However deconditioning
within chronic LBP populations has been questioned [7],
as individuals with chronic LBP have demonstrated similar
(objective based) functional assessments [8], and activity
levels, as matched controls [6,9].
Few studies have objectively measured PA in a prospect-

ive, longitudinal design to assess the influence of type and
level of physical activity on long-term outcomes in this
population. Investigation using an RT3 accelerometer to
measure activity found no relationship between activity
change and disability at the 1-year point in a sub-acute
LBP population [10]. A number of studies have prospect-
ively assessed the relationship of activity to recovery in
LBP populations employing questionnaire-based activity
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recall instruments. One such study found that the cross
sectional and longitudinal odds ratio (OR) of back disabil-
ity were significantly reduced in those with the highest
levels of reported leisure time PA levels [11]. Other studies
have found no relationship between levels and types of
activity in various LBP cohorts and measures of LBP
disability, pain [12,13] or return to work [14].
The factors associated with the transition from acute to

chronic pain are a focus in the primary care management
of acute LBP [15]. Although there is a consensus in Inter-
national guidelines on activity ‘re-activation’ during an
episode of non-specific LBP [16], there is little known on
whether the types and levels of activity of patients with
LBP affect the course of such episode of LBP. No studies
have assessed whether activity levels change over time in
an acute LBP population, and whether such changes
predict recovery. It can be hypothesised that a positive
and significant change in activity over a course of LBP will
be a positive predictor of recovery. Therefore the primary
aims of this study were to therefore to investigate:

1. whether people with acute LBP change their activity
levels over a 3 month period

2. whether people’s activity levels (and potential change
in activity levels) are predictors of disability at
3 months from an episode of acute LBP

Methods
Study design
A prospective cohort study, conducted from March 2008
to April 2009, measured observed change in physical
activity in patients with acute LBP. The main outcome
measure used for calculation of sample size was change in
the Roland Morris Disability Questionnaire (RMDQ) score
from baseline to 3 months, and calculated for 80% power
with a two-sided test and significance set at p = 0.05.
Based upon a clinically meaningful change of 4 points
(and SD = 5.4) in the RMDQ [17], and assuming unequal
group sizes between those whose PA levels change by 4
points or greater, versus those whose PA levels change
minimally over a 3 month period, required a sample size
of 65 participants. An estimated attrition rate of 40% over
the two time points increased the required sample size to
100 participants.

Participant recruitment
Following ethical approval from the New Zealand Lower
South Regional Ethics Committee (LRS/07/11/043), 101
participants were recruited by public advertising within
physiotherapy clinics (n = 77) and general practice (GP)
clinics (n = 16), as well as by newspaper advertisement
(n = 8). Eligible participants had an episode of LBP of
6 weeks or less, preceded by a minimum period of
3 months during which participants had not sought
treatment for LBP. Participants were aged between 18
and 65 years, and had no other pre-existing conditions
which limited their mobility. All participants were re-
quired to provide written informed consent to participate
in this study and were given a $10 voucher as a measure
of thanks and recompense for their participation. All par-
ticipants were required to be receiving physiotherapy
treatment for the current episode of acute LBP to be eli-
gible to participate in the study. Physiotherapy treatment
was administered by their treating physiotherapist and
they were free to take a pragmatic approach with regards
to the types and duration of treatment the patients
received. The principal investigator (PI) screened each
participant for the following exclusion criteria: serious
or systemic spinal pathologies including persistent or
progressive neurological deficit, intractable pain, spinal
surgery, or inflammatory disorders.

Physical activity measurement
The RT3 accelerometer (Stayhealthy, Inc., Monrovia,
California) is a small, pocket sized, portable triaxial
activity monitor. The RT3 monitor is a triaxial acceler-
ometer used to measure physical activity in free living
and is approximately the size of a personal pager (71 ×
56 × 28mm, weight 65g, with one AAA sized battery).
When firmly attached to clothing or a belt at the waist,
it measures the acceleration of bodily movement in
three directions, vertical (X), anterioposterior (Y) and
mediolateral (Z), converting this movement into raw
counts. Vector magnitude (VM) is the square root of the
sum of the squared counts in each direction and is utilized
as a measure of accelerometry output representing PA.
The RT3 monitor can store data for up to seven days
while simultaneously recording from all three axes at one-
minute intervals. Proprietary interface software allows the
download of data to an appropriate computer database.
The software converts activity counts into kcals/minute
from a physiological regression equation developed by the
manufacturer; helping to calculate both activity related
energy expenditure (EE) and total EE.
The RT3 is capable of collecting and storing data in

1-minute epochs for 21 days, and has no external controls
that allow the person being tested to manipulate or change
recorded data. The RT3 is therefore potentially suitable
for long term tracking of PA data in the home environ-
ment [18]. The RT3 demonstrates high levels of intra-
monitor reliability [19], although levels of inter-monitor
variability are more variable [20]. To evaluate the technical
performance of the nine RT3 accelerometers in this study
for field use, each monitor was subjected to specific vibra-
tion testing along each sensitive axis in isolation. Inter-
instrument CV across all monitors on each of the 3 axes
ranged from 10.8 – 35.7, and the intra-class correlation
(ICC) for intra-axis reliability ranged from 0.98-0.99 on
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the 3 axes. Due to the variable inter-monitor reliability,
each participant was given the same monitor on the repeat
testing measurement. The RT3 tri-axial accelerometer
accumulated vector magnitude (VM) activity counts for
each one-minute epoch over the 7 days of monitoring.
All participants were recruited through Physiotherapy

clinics in the Dunedin region and all were currently
receiving Physiotherapy treatment for their LBP. For the
purposes of this study, the form of treatment was not
specified and Physiotherapists were advised to educate
their patients around PA according to standard accepted
guidelines [1]. The RT3 was attached over the right hip
at the level of the iliac crest for seven days in a harness.
Participants wore the RT3 during waking hours (except
when performing activities which might cause it to be-
come wet, such as bathing or swimming) for 7 consecutive
days. Participants also completed an activity diary [21]
which detailed their predominant daily activities during
each hour, their sleep times, and also noted removal of
RT3 and reasons for such removal. Participants were
contacted twice during the week to improve compliance
in wearing the RT3, recording activity in the activity dairy,
and to address any problems the participants were having
with either the RT3 or in using the activity diary. After
seven days the participant met with the PI at either the
School of Physiotherapy or the participant’s home/work.
RT3 data was downloaded to a portable computer by the
PI and the daily activity diary collected.
A 7-day recall questionnaire (7D-PAR) [22] was com-

pleted by interview at the end of each week of activity
assessment. This questionnaire is accepted as providing
reasonable validity as a measure of free living energy
expenditure (EE) within various populations [23,24].
Participants were asked to recall the amount of time
spent in sleep, moderate, hard, and very hard activities
during weekdays and weekend days of the past 7 days.
This allowed an estimate of the average total daily
energy expenditure (TDEE) and physical activity energy
expenditure (PAEE) for each participant, as well as an
estimate of the time spent in each of the activities indi-
cated. Participants also completed an activity diary [25]
which detailed their predominant daily activities during
each hour, their sleep times, and also noted removal of
RT3 and reasons for such removal.
Habitual activity levels prior to the onset of LBP were

measured with the Baecke Physical Activity Question-
naire (BPAQ), which gathers information on “usual”
activity levels over the previous year. The BPAQ demon-
strates good repeatability and relative validity in free
living populations [26], and high test-re-test reliability
in low back pain populations [27]. The questionnaire is
divided into three sections (work, sports, and leisure),
which are individually scored [28]. The questionnaire
was worded such that participants were asked about
activity levels over the previous year prior to the onset
of LBP.

Low back pain measurements
Participants completed a number of validated LBP out-
come measures at baseline and at 3 months. The pri-
mary outcome measure was a change in RMDQ. The 24
item RMDQ has been shown to be a valid measure of
LBP disability and sensitive measure of change in func-
tional disability in LBP populations [28]. This self-
administered questionnaire consists of 24 items which
refer to limitations of daily activities as a result of LBP.
Total score ranges from 0 to 24 (higher scores indicate
more disability). Secondary outcomes were pain inten-
sity, measured with the Visual Analogue Scale (VAS)
which is a scaled measurement of pain (0 – 100) in
which the participant was asked to rate the average level
of pain over the past 7 days. This tool has been shown
to be a valid, reliable and appropriate tool for use in
clinical practice [29], and sensitive to change [30]. A
specific activity question, developed for this study, asked
participants Do you consider that you have returned to
full “normal” activities since this current episode of low
back painn (Yes/No).
Participants also completed the Fear-Avoidance Beliefs

Questionnaire (FABQ), and the 12-item General Health
Questionnaire (GHQ12). The FABQ has been shown to
be a reliable measure of pain-related fear in acute LBP
populations [31] and demonstrates strong predictive
validity for functional disability in both acute [32] and
chronic LBP populations [33]. The GHQ12 is a validated
measure of psychological distress in the general popula-
tion [34] as well as LBP populations [35]. Prospective re-
search has shown that GHQ12 scores can predict future
episodes of LBP [36]. Main occupation was also recorded
and dichotomised into manual (involving manual lifting,
heavy labour, or regular bouts of physical activity or exer-
tion) or non-manual occupation. Each participant’s height
and weight were also recorded to calculate their BMI.

Procedure
Full details of the methodology are available in Hendrick
et al. [37]. In brief, participants were recruited from
physiotherapy practices within the Dunedin and Otago
region (approx. population of 250,000). The principal
investigator (PI) met with the participant at the physio-
therapy practice or at the participant’s home or work.
Each participant completed the baseline LBP outcome
measures and the FABQ, GHQ12, and BPAQ. The
participant’s age, height, weight, age, occupation, and
ethnicity were recorded, and the participant instructed
to wear the RT3 over the right pelvis during waking
hours, and only to remove it for sleep and water-based
activities. Participants were also asked to record their
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main activity for each hour in an activity diary, and to
note the time and reason for removing the RT3. In order
to improve compliance, participants were contacted
twice during the week that they wore the RT3. Participants
were instructed to continue their “normal” activity levels;
they did not receive specific physical training during this
week nor given any specific instructions regarding activ-
ities. At the completion of the week of monitoring, partici-
pants met the PI, the RT3 was removed and the data
downloaded to a computer and checked to ensure that
measurement protocols were met. To be included in the
analyses, each participant was required to have recorded a
minimum of 10 hours of RT3 data on five or more
days, including one weekend day [38]. Sleep times were
also ascertained, the data scanned and possible RT3
malfunctions identified. Data were then scanned for
non-worn periods (> 20 minutes of zero VM activity)
and such data were set to an electronic file labelled as
‘missing’ [39]. Participants returned the activity diary
and completed the 7D-PAR under the guidance of the
PI. Each participant repeated the activity monitoring
procedure and the LBP outcome measures as per base-
line at 12 weeks following the first measurement point.

Analyses
The main outcome variables were RMDQ at 3 months
and change in RMDQ from baseline to 3 months. The
change score was calculated by subtracting each partici-
pant’s 3 month RMDQ score from their baseline RMDQ
score. The sum of RT3 activity counts for each day was
calculated as well as the total number of hours of activ-
ity data collected on each day. The RT3 activity levels
were calculated from the estimated wear periods and
total weekly activity counts were then divided by the
total number of hours worn. The RT3 score was
expressed as VM counts/hour/week. Change in RT3 activ-
ity was calculated as VM counts/hour/week (VM/hr/wk)
at 3 months – VM/hr/wk at baseline. The SD of RT3 VM/
hr/wk was calculated at the two time points as a measure
of variability in PA [40]. High RT3 VM/hr/wk change was
determined as greater than the 75th percentile change in
RT3 VM/hr/wk. Daily physical activity energy expenditure
(PAEE) from the 7D-PAR (kcal/kg/day) was calculated as
the average number of hours in each activity multiplied by
the metabolic equivalent (MET) value assigned to the
activity category (light = 1.5, moderate = 4, hard = 6, very
hard = 10) [41]. Change in PAEE was calculated as the
average daily PAEE at 3 months – average daily PAEE at
baseline. Paired t-tests and Pearson correlations analysed
the difference and the correlation between the groups of
parametric scale variables respectively. Comparisons of
the binary variable “returned to ‘normal’ activities” at the
two time points were made using McNemar’s test. Kendall
tau correlations assessed the correlation between the
dichotomous variables (return to ‘normal’ activities) and
RT3 VM/hr/wk at baseline and 3 months
Simple linear regression was used to assess the

unadjusted relationship between PA and PA change and
the two main outcome measures ΔRMDQ and RMDQ
at 3 months. The explanatory variables included activity
levels at baseline (measured with the RT3 and 7d-PAR),
change in PA (baseline to 3 months with the RT3 and
7d-PAR), age, sex, occupation, BMI, as well as baseline
levels of pain, depression, anxiety, emotional distress
and fear avoidance (GHQ12 and FABQ) and activity
levels prior to the onset of LBP (Baecke work, sport and
leisure scores). A separate analysis was performed to
investigate whether change in activity in participants
with a low activity at baseline as recorded by the RT3 and
7D-PAR predicted RMDQ change. For the purposes of
this research a low activity was defined as below the mean
value for both RT3 VM/hr/week and PAEE (kcals/kg).
Two types of adjusted analyses were carried out. The first
adjusted for all variables whose p-value was < 0.1 in the
unadjusted analyses. The second began with these vari-
ables and performed a backwards selection multiple linear
regression model, which forced RT3 activity level at base-
line and change in PAEE as recorded by the RT3 to be in-
cluded in the model. Assumptions for the regression
model were tested by investigating the normalized distri-
bution of residuals and also testing for collinearity and
homoscedasticity of the data. All analyses used SPSS
software version 14.0 (SPSS Inc., Chicago, Ill).

Results
Although 101 patients took part in the baseline compo-
nent of the study, there were only 83 complete RT3 data
sets at both baseline and 3 months, and only 90 partici-
pants with complete data from the 7D-PAR. Reasons for
loss of data included participant drop out at baseline and
3 months (n = 9), RT3 malfunction (n = 6), and RT3 loss
(n = 3). The total estimated hours of data loss due to RT3
removal during waking hours was 188.7 hours at baseline
and 200.5 hours at 3 months. Table 1 shows the demo-
graphic features of the recruited population (n =101). Eth-
nicity was also recorded with 86% nominating themselves
as white NZ European, and 8% Maori or Pacific Islander.
Of the 67 workers only 5 reported being currently off
work due to their LBP. Table 2 lists fear avoidance scores
and PA levels prior to the onset of LBP as well as baseline
anxiety and depression scores (GHQ12).
Table 3 records the baseline measures and main LBP

outcome measures at 3 months. Baseline measures show
moderate levels of disability, with a significant percentage
reporting that they had not returned to ‘normal’ activities.
At 3 months there was a significant and clinically mean-
ingful change in both the primary and secondary outcome
measures [42].



Table 1 Baseline demographic measurements

Baseline descriptive statistics (N = 101) Mean (SD)

Age 37.8 (14.6)

BMI female (n = 51) 24.7 (4.8)

BMI male (n = 50) 27.6 (4.4)

n (%)

female 51 (50.5)

male 50 (49.5)

sedentary occupation 24 (23.8)

manual occupation 44 (43.6)

student 25 (24.8)

not working 8 (7.8)
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Activity change from baseline to 3 months
Measures of PA at baseline and 3 months are shown in
Table 4 for the 83 data sets with complete RT3 data and
for the 90 participants with complete data from the
7D-PAR. There were no significant differences in (1) the
activity levels recorded with either the RT3 or the 7D-PAR
from baseline to 3 months; (2) the amount of hours
recorded as moderate, hard, and very hard, from the
7D-PAR from baseline to 3 months. The only difference
in baseline measures noted between those lost to
follow-up and those with complete data was a greater
percentage of those with complete RT3 data having not
returned to full ‘normal’ activities at baseline (p < 0.05)
(data not shown).

Predictors of RMDQ at 3 months
In univariate analyses none of the measures of activity at
baseline or change in activity from baseline to 3 months
predicted RMDQ score at 3 months (Table 5). Significant
variables in univariate analyses included in the multiple
linear regression model are presented in Table 6. Increas-
ing age was found to be the only variable which predicted
RMDQ at 3 months; all other variables were not signifi-
cant predictors of RMDQ score at 3 months.
Table 2 Baseline measures of fear avoidance, activity and
psychological distress

Baseline Measures Range Mean (SD)

*FABQpa 0 - 24 14.5 (5.4)

*FABQw 0 - 39 15.8 (9.3)

Baecke Work Index 1.4 – 4.1 2.8 (0.6)

Baecke Sport index 0.8 – 5.8 2.5 (1.1)

Baecke Leisure Time Index 1.8 – 4.5 2.9 (0.5)

αGHQ12 4 - 23 11.8 (4.2)

FABQpa: Fear avoidance beliefs score for physical activity; FABQw: Fear
avoidance beliefs score for work: GHQ12 The 12-item General
Health Questionnaire.
*Higher numbers indicate greater levels of fear avoidance.
αHigher numbers indicate lower levels of overall self-reported quality of life.
Predictors of RMDQ change from baseline to 3 months
Multiple linear regression analyses including all variables
with a p value < 0.1 from the unadjusted analyses and
measures of PA change from the RT3 and 7D-PAR are
presented in Table 7. The variable associated with a
change in RMDQ was the patient’s report of a return to
full ‘normal’ activities at the 3 month point. All measures
of PA measurement were not predictive of RMDQ change
in either univariate or multivariate analyses.
Figure 1 shows the RMDQ change score for those with

a dichotomized (high/low) RT3 VM/hr/wk change score
from baseline to 3 months. The figure demonstrates that
there was no difference in the RMDQ change score be-
tween the two groups (high and low RT3 change score)
Post-hoc analyses (presented below) were carried out in

order to examine for potential correlations between base-
line activity measures and disability and also measured
activity levels and self-report in an attempt to explain and
better understand the observed results.
There was no significant correlation between the ob-

served measures of activity (RT3 VM/hr/wk) at baseline
and RMDQ and VAS scores at baseline (Table 8).
There was no significant correlation between the ob-

served measures of activity (RT3 VM/hr/wk) at baseline
and 3 months, and the participant’s report of a return to
full ‘normal’ activities at these two time points (Table 9).

Discussion
This study investigated the predictive relationships be-
tween observed and self-reported measures of physical
activity and LBP disability at 3 months. We found that
PA measures at baseline and change in PA as measured
by either the RT3 or a recall questionnaire did not
predict either RMDQ score at 3 months or change in
RMDQ from baseline to 3 months. There were no dif-
ferences in levels, reported types, intensities of activity
at either baseline or at 3 months in this sample of
patients with LBP. None of the measures of activity
predicted RMDQ at 3 months or change in RMDQ in
univariate or multivariate modelling. Increasing age was
the only predictor of RMDQ score at 3 months in the
multivariate model, and the report of a return to full
‘normal’ activities at 3 months was associated with a
greater RMDQ change score from baseline to 3 months.
There have been no previous investigations of the rela-

tionship between activity levels and disability within an
acute LBP population over this time frame; however these
results are consistent with a previous study which found
no significant differences in RT3 VM counts at 1 year
between recovered and non-recovered LBP participants
[10]. A recent cross-sectional study within a chronic LBP
population found observably measured activity fluctuation
was a significant contributor to disability [39]; however,
this study found no change in the variability of activity



Table 3 Comparison of baseline and 3 month outcomes

Baseline Mean (SD) (n = 91) 3 months Mean (SD) (n = 83) Mean Difference (95% CI) a P value

RMDQ score 8.1 (3.8) 1.7 (2.9) 6.1 (5.2 – 7.1) < .0001

VAS score 57.4 (19.7) 15.2 (19.6) 42.8 (37.4 – 8.2) < .0001

N (%) N (%) b P value

Return to “normal” activities 23 (22.8) 69 (68.4) < .0001
aPaired t-tests.
bMcNemar’s test.
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levels (SD of RT3 VM/hr/wk) between baseline and
3 months, and no predictive relationship to RMDQ at
3 months or change in RMDQ. Differences in these re-
sults may relate to differences in patient populations,
activity measurement and in particular point of meas-
urement between the two studies.
No previous study has investigated whether activity

levels change in an ALBP population over this timeframe.
Although there was no change in the types or levels of
activity reported by participants from baseline to 3 months,
there was a significant change in all outcome measures,
with 84% having an RMDQ score < 4 at the 3 month time
point. A previous study employing an observed measure
of activity reported that PA increased over a 1 year follow-
up for both chronic and recovered LBP patients [10].
Other studies have also reported increases in the levels of
PA in various intervention trials within a range of LBP
populations employing questionnaire-based measure-
ments of PA [43,44]. As all participants in the current
study were undergoing physiotherapy interventions during
the data collection period, it is not known whether the
lack of a change in activity is due to a selection bias, in
that participants were already motivated and relatively
active at baseline (Table 4), and thus levels of reported ac-
tivity were relatively high [45]; or that these interventions
did not result in a change in the participant’s PA behaviour
at 3 months.
Although the majority of participants reported that they

had not returned to “normal” activity levels at baseline, it
is possible that their actual levels of activity may have been
relatively “normal”. Results showed that baseline activity
was not correlated with LBP disability or pain levels
(Table 8), and that a report of ‘normal’ activities was not
correlated with activity levels at the two time points
Table 4 Comparison of physical activity measures at baseline

Baseline data Mean (SD) 3 mo

RT3 VM/hr/wk 24871.6 (11118) 25410

Daily PAEE kcals/kg (7D-PAR) 14.5 (5.7) 15.1 (

Moderate hours/day 1.6 (1.2) 1.5 (1

Hard hours/day 0.4 (1.0) 0.5 (1

Very hard hours/day 0.1 (0.2) 0.1 (1
a Paired t-tests.
(Table 9). We therefore investigated the possibility that
those participants with lower levels of activity at baseline
(as recorded with the RT3 and 7D-PAR), might have
greater potential to change their activity, and thus to more
likely show a relationship with RMDQ at 3 months. Al-
though those with lower activity at baseline had signifi-
cantly greater change in activity (data not shown) no
predictive relationship with RMDQ or change in RMDQ
at 3 months was shown. Change in activity was not a pre-
dictor of recovery in those participants with lower activity
levels at baseline in this study group. However, it is also
acknowledged that the current choice for a low activity
level chosen (below the mean value for both RT3 VM/hr/
week and PAEE (kcals/kg) represented an arbitrary and
pragmatic choice and potentially further exploration
of activity change within lower baseline activity levels
is warranted.
The multivariate model also included reported activity

levels prior to the onset of LBP as potential confounders
to the relationship between PA and RMDQ; however it is
also acknowledged that there were not sufficient numbers
to investigate potential interaction effects between prior
activity levels and activity levels during the episode of LBP
and levels of LBP disability. Also, the percentage in man-
ual occupations (44%) was relatively high, and the fact that
the vast majority continued to work was undoubtedly a
factor in the high activity levels at baseline [46]. Therefore,
the lack of observed change in activity from baseline to
3 months in the group may potentially be due to the
moderate RMDQ scores at baseline and the fact that the
majority continued to work during this episode of LBP; as
a consequence these results cannot be generalised to LBP
populations with higher levels of disability and in those
who are unable to work.
and 3 months

nth data Mean (SD) Mean Difference (95% CI) aP value

.3 (12388) 538.7 (−23910 - 1322) 0.57

7.3) 0.6 (−1.8 - 0.7) 0.38

.7) 0.1 (−0.3 - 0.5) 0.52

.1) 0.1 (−0.2 - 0.1) 0.55

.7) 0.06 (−0.06 – 0.02) 0.24



Table 5 Univariate analyses of physical activity measures as predictors of RMDQ at 3 months

Parameter β (95% CI) Sig (p value)

Baseline RT3 VM/hr/wk 0.000 (0.000 – 0.000) 0.20

Baseline PAEE kcals/kg 0.005 (−0.15 – 0.026) 0.59

Report of a return to full activities at baseline 0.071 (−1.144 – 1.54) 0.92

Change in RT3 VM/r/wk from baseline to 3 months 0.00 (0.00 – 0.00) 0.33

*RT3VM_change in low RT3 VM/hr group at baseline 0.004 (0.006 – 0.000) 0.62

Change in PAEE kcals/kg from baseline to 3 months 0.046 (−0.096 – 0.188) 0.52

**PAEE kcals/kg change (7D-PAR) in low activity group at baseline 0.009 (− 0.27 -0.05) 0.63

*Low RT3 VM/r/wk group defined as below the mean RT3 VM/hr/wk at baseline.
**Low PAEE group defined as below mean PAEE kcals/kg at baseline.
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A patient report of a return to full ‘normal’ activities at
3 months was associated with a greater RMDQ change.
This finding has not previously been reported, reflecting
that the 24 item RMDQ predominantly assesses activity
limitations [32], and is better targeted at populations
with either moderate or high disability, similar to our
group at baseline [47]. A significant proportion at baseline
reported that they had not returned to ‘normal’ activities;
this finding is similar to previous research which showed
that people with LBP feel some degree of limitation in
activities of daily living which correlates to their degree of
disability [48]. Surprisingly, an early return to “normal”
activities was not an independent predictor of either
disability or change in disability at 3 months. The reason
for this finding is unknown however, it may relate to the
complex nature of the disablement process [49] and the
interaction with activity and behavioural factors associated
with LBP [50]. The effects of PA on disability have been
found to be mediated by a range of factors including pain,
fatigue, depression, and self- efficacy [51,52], as well as a
range of specific performance issues including trunk
flexion and extension and hip, knee and foot pain [8].
Further investigation is therefore required to study the
Table 6 Multiple linear regression analyses of significant
predictors in univariate analyses measures of RMDQ
score at 3 months

Parameter β (95% CI) Sig
(p value)

FABQPA 0.091
(−.030 - 0.135)

0.14

GHQ12 0.053
(−.123 - 0.581)

0.58

Age 0.062
(−0.002 – 0.120)

0.05

RT3 VM change from baseline to 3 months 0.000
(0.000 – 0.000)

0.33

Baseline RT3 VM/hr/wk 0.000
(0.000 – 0.000)

0.36

Model adjusted for sex, occupation, BMI, as well as baseline levels of pain,
depression, anxiety, emotional distress and fear avoidance (GHQ12 and
FABQW, FABQPA) and activity levels prior to the onset of LBP (Baecke work,
sport and leisure scores).
potential effects of other mediators in the relationship be-
tween activity, disability, and functional limitation.
Interestingly, there was no relationship found at either

time point between the patient’s recorded activity levels
and a report of a return to full ‘normal’ activities (Table 8).
These results suggest that the patient’s perceived activity
levels, rather than their actual levels of activity, maybe
more important predictors of recovery. Perceived activity
decline has previously shown a significant association with
disability, fear of injury, depression, and pain intensity
[10,53]. The relationship between patients’ report of activ-
ity normalization and perceived activity decline therefore
warrants further investigation.
Although no predictive relationships were found be-

tween measures of fear avoidance, depression and anxiety,
and PA levels and levels of disability, several studies have
reported behavioural and psychosocial influences on activ-
ity change [44,54,55]. Although a recent study found that
fear avoidance did not alter the relationship between activ-
ity and fitness [56]. The fear avoidance scores reported in
the current study (Table 2) are not of a proposed magni-
tude likely to increase the risk of chronicity [57], which
may help to explain the initial high PA levels. Therefore, it
Table 7 Multiple linear regression analyses of physical
activity measures against RMDQ change

Predictor β (95% CI) p-value

RT3 VM/hr/wk change 0.00
(0.00 - 0.00)

0.81

*RT3VM change (low RT3 VM/hr group) 0.00 (0.00 -
0.00)

0.89

PAEE kcals/kg change (7D-PAR) −0.01
(−0.41 - 0.02)

0.45

**PAEE kcals/kg change (7D-PAR) 0.31
(−0.08 – 0.18)

0.27

Self –report of return to normal activities at
3 months

−3.14
(−4.64 – 1.65)

< 0.001

β Regression coefficients adjusted for PA measures and age, BMI, occupation,
activity levels prior to the onset of LBP, fear avoidance, levels of anxiety,
depression and baseline RMDQ and pain levels.
*Low RT3 VM/r/wk group defined as below the mean RT3 VM/hr/wk
at baseline.
**Low PAEE group defined as below mean PAEE kcals/kg at baseline.



Figure 1 RMDQ change score in groups with low and high RT3 VM/hr/wk change from baseline to 3 months.
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appears that any relationship between activity and fear
avoidance and disability is complex; dependent upon both
participant activity levels and fear avoidance beliefs.
Table 9 Correlations between RT3 VM/hr/wk and
patient’s report of a return to full normal activities at
baseline and 3 months
Research considerations
The setting and choice of the MCID for the RMDQ is
open to some debate. Previous research has demon-
strated that baseline RMDQ scores to be relatively high
in an ALBP population [58], and taking into account
that a 30% change in score has recently been proposed
as a meaningful change score for the RMDQ [42] we
therefore conservatively set the MCID as a score of 4.
Although there was a non-significant change in activity
levels over this timeframe it is not known whether the
choice of a smaller effect size (MCID < 4) and therefore
a larger sample size requirement would have altered the
observed results.
The units of activity employed in this research (RT3

VM/hr/wk), although extensively employed in field re-
search as a measure of activity, have not been fully investi-
gated for validity and responsiveness to change in free
living research, an essential component of functional
Table 8 Pearson Correlations between baseline measures
of physical activity and baseline RMDQ and VAS scores

Baseline RMDQ
(p value)

Baseline VAS Score
(p value)

Baseline PAEE kcals/kg −0.19 (0.06) −0.07 (0.49)

Baseline RT3 VM/hr/wk −0.14 (0.186) −0.03 (0.77)
activity measures [59]. However, there is no acknowledged
and standardised field research protocol for accelerometry
use, and few instruments have been evaluated for their
ability to reliability evaluate change in activity over time
within LBP populations, which remains a weakness of
PA measures within populations with disability [60].
Also, the current research employed a number of statis-
tical models to analyse potential predictive relationships
within the data sets (n = 83) and acknowledge that al-
though the study was powered to assess such predictive
relationships and suitable adjusted analyses performed
there is a potential that over fitting of the statistical
models may have occurred.
The report of a return to ‘normal’ activities was a dichot-

omous questionnaire variable and there is scope for a
degree of subjectivity as to what patients perceived as their
normal level of activity. Further exploration of the percep-
tion and return to ‘normal’ activities is warranted based on
the findings from the current study.
Kendall’s tau_b correlations Patient report of a return to ‘normal’
activities (p value)

Activity measurements baseline 3 months

Baseline RT3 VM/hr/wk 0.16 (0.06) -

3 month RT3 VM/hr/wk - 0.09 (0.29)

Change in RT3 VM/hr/wk −0.02 (0.82) −0.06 (0.47)
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The current study did not measure the type of physio-
therapy intervention that the patient received, and how
this might have influenced the patient’s activity and recov-
ery; however, it was presumed that all therapists were
adhering to physical activity guidelines in respect to the
advice given to patients. Although recommendation exist
for evidence based physiotherapy management of acute
LBP [61], research demonstrates that there is much vari-
ability in the primary care management of LBP [62] in that
not all primary care health practitioners adhere to current
best practice guidelines. Therefore, further research is
required to investigate whether specific therapeutic inter-
ventions have a greater effect on a patient’s activities
during an episode of acute LBP
There is mixed evidence for activity behavior to change

when being monitored [63,64], and higher levels of activity
recorded at baseline may be a result of the novelty of ac-
tivity measurement. The two measurement points chosen
mean that activity changes may have occurred outside this
temporal window, perhaps as a result of treatment, and
thus activity levels may have regressed to a mean level of
activity by 3 months. A greater number of measurement
points, coupled with the use of other activity measurement
tools offer further opportunities to study the relationship
between activity and LBP outcomes.
The strength and validity of the findings from this

study are supported by powered sample size to detect a
MCID in the RMDQ, coupled with the relatively high
participant response rate at 3 months, and low levels of
RT3 data loss. RT3 data loss was predominately due to
RT3 factors such as malfunction and RT3 loss rather
than participant factors, which means that data are likely
to be completely missing at random and therefore un-
likely to have caused any systematic bias in the results.

Conclusion
This study is the first to prospectively follow an acute
LBP population and investigate how activity levels
change over time, and whether activity levels predict
recovery. Results showed that physical activity levels at
baseline and change in activity from baseline to 3 month
within this acute LBP population was not a predictor of
disability or change in disability. There was also no over-
all difference in the mean levels of activity as recorded
by the RT3, or types of activity from the activity ques-
tionnaire and activity diary at the two time points. These
results question a possible assumption that activity levels
change as LBP symptoms resolve, and also the potential
role that physical activity plays in LBP recovery. The
patient’s self-report of a return to full ‘normal’ activities
was associated with improved functional recovery, and
therefore a focus on activity normalisation, rather than
specifically increasing activity, may offer the best oppor-
tunity for success in improving patient outcomes.
Abbreviations
ACC: Accident Compensation Corporation; ALBP: Acute low back pain;
BPAQ: Baecke Physical Activity Questionnaire Fear-Avoidance Beliefs
Questionnaire; EE: Energy expenditure; GHQ12: 12-item General Health
Questionnaire; LBP: Low back pain; MCID: Minimal Clinically Important
Difference; OR: Odds ratio; PA: Physical activity; PAEE: Physical activity energy
expenditure; PI: Principal investigator; RMDQ: Roland Morris Disability
Questionnaire; VAS: Visual Analogue Scale; FABQ: Fear Avoidance Beliefs
Questionnaire; TDEE: total daily energy expenditure; VM: Vector magnitude;
ΔBPAQ: change in Baecke Physical Activity Questionnaire; ΔRT3: Change in
RT3 VM/hr/wk; TDEE: Total Daily Energy Expenditure; PAEE: Physical Activity
Energy Expenditure change in RT3 VM; ΔRMDQ: change in Roland Morris
Disability Questionnaire score; 7D-PAR: 7-Day Recall Questionnaire.

Competing interests
All authors declare that they have no competing interests.

Authors’ contributions
PH is the principal investigator. PH together with his supervisory team of SM,
MB, LH and DB designed the study and were responsible for the protocol.
SMc and DH acted as international advisors and helped in the development
of key ideas underlying this study. PHerbison was responsible for the
statistical analysis and the evaluation of the database. All authors contributed
to the writing of the manuscript.

Acknowledgements
This research was supported by a University of Otago establishment grant.

Author details
1Division of Physiotherapy Education, University of Nottingham, Hucknall
Road, Nottingham NG5 1PB, UK. 2Centre for Physiotherapy Research, School
of Physiotherapy, University of Otago, Dunedin, New Zealand. 3School of
Public Health, Physiotherapy and Population Science, College of Life
Sciences, University College Dublin, Belfield, Ireland. 4Faculty of Life and
Health Sciences, University of Ulster, Newtownabbey, Northern Ireland.
5Department of Preventive and Social Medicine, Dunedin School of
Medicine, University of Otago, Dunedin, New Zealand.

Received: 29 August 2012 Accepted: 2 April 2013
Published: 5 April 2013

References
1. Van Tulder M, Becker A, Bekkering T, Breen A, Del Real MTG, Hutchinson A,

Koes B, Laerum E, Malmivaara A: Chapter 3: European guidelines for the
management of acute nonspecific low back pain in primary care.
Eur Spine J 2006, 15:S169–S191.

2. Staal JB, Hlobil H, van Tulder MW, Waddell G, Burton AK, Koes BW, van
Mechelen W: Occupational health guidelines for the management of low
back pain: an international comparison. Occup Environ Med 2003,
60:618–626.

3. Verbunt JA, Seelen HA, Vlaeyen JW, Van de Heijden GJ, Heuts PH, Pons K,
Knottnerus JA: Disuse and deconditioning in chronic low back pain:
Concepts and hypotheses on contributing mechanisms. Eur J Pain 2003,
7:9–21.

4. Goubert L, Crombez G, Hermans D, Vanderstraeten G: Implicit attitude
towards pictures of back-stressing activities in pain-free subjects and
patients with low back pain: An affective priming study. Eur J Pain 2003,
7:33–42.

5. Hasenbring M, Marienfeld G, Kuhlendahl D, Soyka D: Risk factors of
chronicity in lumbar disc patients: A prospective investigation of
biologic, psychologic, and social predictors of therapy outcome.
Spine 1994, 19:2759–2765.

6. Basler HD, Luckmann J, Wolf U, Quint S: Fear-avoidance beliefs, physical
activity, and disability in elderly individuals with chronic low back pain
and healthy controls. Clin J Pain 2008, 24:604–610.

7. Smeets RJEM, Wittink H: The deconditioning paradigm for chronic low
back pain unmasked? Pain 2007, 130:201–202.

8. Di Iorio A, Abate M, Guralnik JM, Bandinelli S, Cecchi F, Cherubini A,
Corsonello A, Foschini N, Guglielmi M, Lauretani F, et al: From chronic low
back pain to disability, a multifactorial mediated pathway: The
InCHIANTI study. Spine 2007, 32:E809–E815.



Hendrick et al. BMC Musculoskeletal Disorders 2013, 14:126 Page 10 of 11
http://www.biomedcentral.com/1471-2474/14/126
9. Smeets RJEM, Maher CG, Nicholas MK, Refshauge KM, Herbert RD: Do
psychological characteristics predict response to exercise and advice for
subacute low back pain? Arthrit Rheum-Arthr 2009, 61:1202–1209.

10. Bousema EJ, Verbunt JA, Seelen HAM, Vlaeyen JWS, Andre Knottnerus J:
Disuse and physical deconditioning in the first year after the onset of
back pain. Pain 2007, 130:279–286.

11. Hurwitz EL, Morgenstern H, Chiao C: Effects of recreational physical
activity and back exercises on low back pain and psychological distress:
findings from the UCLA Low Back Pain Study. Am J Public Health 2005,
95:1817–1824.

12. Mortimer M, Pernold G, Wiktorin C: Low back pain in a general
population. Natural course and influence of physical exercise - A 5-year
follow-up of the Musculoskeletal Intervention Center-Norrtalje Study.
Spine 2006, 31:3045–3051.

13. Jacob T, Baras M, Zeev A, Epstein L: A longitudinal, community-based
study of low back pain outcomes. Spine 2004, 29:1810–1817.

14. Oleske DM, Lavender SA, Andersson GBJ, Morrissey MJ, Zold-Kilbourn P,
Allen C, Taylor E: Risk factors for recurrent episodes of work-related low
back disorders in an industrial population. Spine 2006, 31:789–798.

15. Young Casey C, Greenberg MA, Nicassio PM, Harpin RE, Hubbard D:
Transition from acute to chronic pain and disability: A model including
cognitive, affective, and trauma factors. Pain 2008, 134:69–79.

16. Arnau JM, Vallano A, Lopez A, Pellise F, Delgado MJ, Prat N: A critical review of
guidelines for low back pain treatment. Eur Spine J 2006, 15:543–553.

17. Grotle M, Brox JI, Vollestad NK: Concurrent comparison of responsiveness
in pain and functional status measurements used for patients with low
back pain. Spine 2004, 29:E492–501.

18. Powell SM, Jones DI, Rowlands AV: Technical variability of the RT3
accelerometer. Med Sci Sport Exer 2003, 35:1773–1778.

19. Powell SM, Rowlands AV: Intermonitor variability of the RT3
accelerometer during typical physical activities. Med Sci Sport Exer 2004,
36:324–330.

20. Krasnoff JB, Kohn MA, Choy FKK, Doyle J, Johansen K, Painter PL: Interunit
and intraunit reliability of the RT3 triaxial accelerometer. J Phys Act Health
2008, 5:527–538.

21. Hale LA, Pal J, Becker I: Measuring free-living physical activity in adults
with and without neurologic dysfunction with a triaxial accelerometer.
Arch Phys Med Rehab 2008, 89:1765–1771.

22. Bonnefoy M, Normand S, Pachiaudi C, Lacour JR, Laville M, Kostka T:
Simultaneous validation of ten physical activity questionnaires in older
men: a doubly labeled water study. J Am Geriatr Soc 2001, 49:28–35.

23. Washburn RA, Jacobsen DJ, Sonko BJ, Hill JO, Donnelly JE: The validity of
the stanford seven-day physical activity recall in young adults. Med Sci
Sport Exer 2003, 35:1374–1380.

24. Johansen KL, Painter P, Kent-Braun JA, Ng AV, Carey S, Da Silva M, Chertow
GM: Validation of questionnaires to estimate physical activity and
functioning in end-stage renal disease. Kidney Int 2001, 59:1121–1127.

25. Pols MA, Peeters PHM, Bueno De-Mesquita HB, Ocke MC, Wentink CA,
Kemper HCG, Collette HJA: Validity and repeatability of a modified
Baecke questionnaire on physical activity. Int J Epidemiol 1995,
24:381–388.

26. Jacob T, Baras M, Epstein L: Low back pain: Reliability of a set of pain
measurement tools. Arch Phys Med Rehab 2001, 82:735–742.

27. Baecke J, Burema J, Frijters J: A short questionnaire for the measurement
of habitual physical activity in epidemiological studies. Am J Clin Nutr
1982, 36:936–942.

28. Turner JA, Fulton-Kehoe D, Franklin G, Wickizer TM, Wu R: Comparison of
the roland-morris disability questionnaire and generic health status
measures: a population-based study of workers’ compensation back
injury claimants. Spine 2003, 28:1061–1067.

29. Williamson A, Hoggart B: Pain: A review of three commonly used pain
rating scales. J Clin Nurs 2005, 14:798–804.

30. Ostelo RWJG, de Vet HCW: Clinically important outcomes in low back
pain. Best Pract Res Cl Rh 2005, 19:593–607.

31. Swinkels-Meewisse EJ, Swinkels RA, Verbeek AL, Vlaeyen JW, Oostendorp RA:
Psychometric properties of the Tampa Scale for kinesiophobia and the
fear-avoidance beliefs questionnaire in acute low back pain. Manual Ther
2003, 8:29–36.

32. Grotle M, Vollestad NK, Veierod MB, Brox JI: Fear-avoidance beliefs and
distress in relation to disability in acute and chronic low back pain.
Pain 2004, 112:343–352.
33. Woby SR, Watson PJ, Roach NK, Urmston M: Adjustment to chronic low
back pain - The relative influence of fear-avoidance beliefs,
catastrophizing, and appraisals of control. Behav Res Ther 2004,
42:761–774.

34. Bashir K, Blizard R, Jenkins R, Mann A: Validation of the 12-item general
health questionnaire in british general practice. Primary Care Psychia 1996,
2:245–247.

35. Croft PR, Papageorgiou AC, Ferry S, Thomas E, Jayson MIV, Silman AJ:
Psychologic distress and low back pain: Evidence from a prospective
study in the general population. Spine 1995, 20:2731–2737.

36. Feyer AM, Herbison P, Williamson AM, De Silva I, Mandryk J, Hendrie L, Hely
MCG: The role of physical and psychological factors in occupational low
back pain: A prospective cohort study. Occup Environ Med 2000,
57:116–120.

37. Hendrick P, Milosavljevic S, Bell ML, Hale L, Hurley DA, McDonough SM,
Melloh M, Baxter DG: Does physical activity change predict functional
recovery in low back pain? Protocol for a prospective cohort study.
BMC Musculoskelet Disord 2009, 10:136.

38. Gretebeck RJ, Montoye HJ: Variability of some objective measures of
physical activity. Med Sci Sport Exer 1992, 24:1167–1172.

39. Chen C, Jerome GJ, LaFerriere D, Young DR, Vollmer WM: Procedures used
to standardize data collected by RT3 triaxial accelerometers in a large-
scale weight-loss trial. J Phys Act Health 2009, 6:354–359.

40. Huijnen IPJ, Verbunt JA, Roelofs J, Goossens M, Peters M: The disabling role
of fluctuations in physical activity in patients with chronic low back pain.
Eur J Pain 2009, 13:1076–1079.

41. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, O’Brien
WL, Bassett DR Jr, Schmitz KH, Emplaincourt PO, et al: Compendium of
physical activities: An update of activity codes and MET intensities.
Med Sci Sports Exerc 2000, 32:S498–504.

42. Ostelo RWJG, Deyo RA, Stratford P, Waddell G, Croft P, Von Korff M, Bouter
LM, De Vet HC: Interpreting change scores for pain and functional status
in low back pain: Towards international consensus regarding minimal
important change. Spine 2008, 33:90–94.

43. Ghoname EA, Craig WF, White PF, Ahmed HE, Hamza MA, Henderson BN,
Gajraj NM, Huber PJ, Gatchel RJ: Percutaneous electrical nerve stimulation
for low back pain: a randomized crossover study. JAMA 1999,
281:818–823.

44. McCracken LM, Gross RT, Eccleston C, McCracken LM, Gross RT, Eccleston C:
Multimethod assessment of treatment process in chronic low back pain:
comparison of reported pain-related anxiety with directly measured
physical capacity. Behav Res Ther 2002, 40:585–594.

45. Bennett JA, Winters-Stone K, Nail LM, Scherer J: Definitions of Sedentary in
physical-activity-intervention trials: A summary of the literature. J Aging
Phy Activ 2006, 14:456–477.

46. Mark A, Merom D, Bauman A: How active at work? Differing physical
activity demands by occupation. Journal of Occupational Health and
Safety - Australia and New Zealand 2008, 24:63–72.

47. Davidson M: Rasch analysis of 24-, 18- and 11-item versions of the
Roland-Morris Disability Questionnaire. Qual Life Res 2009, 18:473–481.

48. Lee CE, Simmonds MJ, Novy DM, Jones S: Self-reports and clinician-
measured physical function among patients with low back pain: a
comparison. Arch Phys Med Rehab 2001, 82:227–231.

49. Verbrugge LM, Jette AM: The disablement process. Soc Sci Med 1994,
38:1–14.

50. Crombez G, Vervaet L, Lysens R, Baeyens F, Eelen P: Avoidance and
confrontation of painful, back-straining movements in chronic back pain
patients. Behav Modif 1998, 22:62–77.

51. Motl RW, McAuley E, Snook EM, Gliottoni RC: Physical activity and quality
of life in multiple sclerosis: Intermediary roles of disability, fatigue,
mood, pain, self-efficacy and social support. Psychol Health Med 2009,
14:111–124.

52. Burke V, Beilin LJ, Cutt HE, Mansour J, Mori TA: Moderators and mediators
of behaviour change in a lifestyle program for treated hypertensives: A
randomized controlled trial (ADAPT). Health Educ Res 2008, 23:583–591.

53. Verbunt JA, Sieben JM, Seelen HA, Vlaeyen JW, Bousema EJ, van der Heijden
GJ, Knottnerus JA, Verbunt JA, Sieben JM, Seelen HAM, et al: Decline in
physical activity, disability and pain-related fear in sub-acute low back
pain. Eur J Pain 2005, 9:417–425.

54. Damush TM, Weinberger M, Perkins SM, Rao JK, Tierney WM, Qi R, Clark DO:
The long-term effects of a self-management program for inner-city



Hendrick et al. BMC Musculoskeletal Disorders 2013, 14:126 Page 11 of 11
http://www.biomedcentral.com/1471-2474/14/126
primary care patients with acute low back pain. Arch Intern Med 2003,
163:2632–2638.

55. Vlaeyen JW, de Jong J, Geilen M, Heuts PH, van Breukelen G: The treatment
of fear of movement/(re)injury in chronic low back pain: further
evidence on the effectiveness of exposure in vivo. Clin J Pain 2002,
18:251–261.

56. Smeets RJ, van Geel KD, Verbunt JA: Is the fear avoidance model
associated with the reduced level of aerobic fitness in patients with
chronic Low back pain? Arch Phys Med Rehab 2009, 90:109–117.

57. Williamson E: Fear Avoidance Beliefs Questionnaire (FABQ).
Aust J Physiother 2006, 52:149.

58. Kovacs FM, Abraira V, Royuela A, Corcoll J, Alegre L, Cano A, Muriel A,
Zamora J, Gil Del Real MT, Gestoso M, Mufraggi N: Minimal clinically
important change for pain intensity and disability in patients with
nonspecific low back pain. Spine 2007, 32:2915–2920.

59. Warren JM, Ekelund U, Besson H, Mezzani A, Geladas N, Vanhees L:
Assessment of physical activity - A review of methodologies with
reference to epidemiological research: A report of the exercise
physiology section of the European Association of Cardiovascular
Prevention and Rehabilitation. Eur J Cardiov Prev R 2010, 17:127–139.

60. Cervantes CM, Porretta DL: Physical activity measurement among
individuals with disabilities: A literature review. Adapt Phys Act Q 2010,
27:173–190.

61. Ferguson FC, Brownlee M, Webster V: A Delphi study investigating
consensus among expert physiotherapists in relation to the
management of low back pain. Musculoskeletal Care 2008, 6:197–210.

62. Fullen BM, Baxter GD, O’Donovan BGG, Doody C, Daly LE, Hurley DA:
Factors impacting on doctors’ management of acute low back pain: A
systematic review. Eur J Pain 2009, 13:908–914.

63. Clemes SA, Matchett N, Wane SL: Reactivity: An issue for short-term
pedometer studies? Brit J Sport Med 2008, 42:68–70.

64. Behrens TK, Dinger MK: Motion sensor reactivity in physically active
young adults. Res Q Exercise Sport 2007, 78:1–8.

doi:10.1186/1471-2474-14-126
Cite this article as: Hendrick et al.: Does a patient’s physical activity
predict recovery from an episode of acute low back pain? A prospective
cohort study. BMC Musculoskeletal Disorders 2013 14:126.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Method
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design
	Participant recruitment
	Physical activity measurement
	Low back pain measurements
	Procedure
	Analyses

	Results
	Activity change from baseline to 3 months
	Predictors of RMDQ at 3 months
	Predictors of RMDQ change from baseline to 3 months

	Discussion
	Research considerations

	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


