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Individuals with chronic low back pain have a lower level,
and an altered pattern, of physical activity compared with
matched controls: an observational study
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Question: Is there a difference in the level and pattern of free-living physical activity between individuals with chronic low back
pain and matched controls? Design: Observational, cross-sectional study. Participants: Fifteen individuals with chronic low
back pain and fifteen healthy controls matched for age, gender, and occupation. Outcome measures: Participants wore an
activity monitor for seven days. Level of physical activity was measured as time standing and walking, and number of steps
averaged over a 24-hour day (midnight to midnight), day time (9.00 am – 4.00 pm), and evening time (6.00 pm – 10.00 pm),
and work days versus non-work days. Pattern of physical activity was measured as number of steps and cadence during short
(< 20 continuous steps), moderate (20–100 continuous steps), long (> 100–499 continuous steps), and extra long walks (≥
500 continuous steps). Results: Over an average 24-hour day, the chronic low back pain group spent 0.7 fewer hours (95%
CI 0.3 to 1.1) walking, and took 3480 fewer steps (95% CI 1754 to 5207) than the healthy controls. They took 793 fewer steps/
day (95% CI –4 to 1591) during moderate walks, and 1214 fewer steps/day (95% CI 425 to 2003) during long walks, and 11
fewer steps/min (95% CI 4 to 17) during extra long walks than the healthy controls. Conclusion: Individuals with chronic low
back pain have a lower level, and an altered pattern, of physical activity compared with matched controls. [Ryan CG, Grant
PM, Dall PM, Gray H, Newton M, Granat MH (2009) Individuals with chronic low back pain have a lower level, and an
altered pattern, of physical activity compared with matched controls: an observational study. Australian Journal of
Physiotherapy 55: 53–58]
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Introduction
According to the fear-avoidance model of musculoskeletal
pain, a person with chronic pain may avoid activities which
they perceive could lead to further pain or reinjury (Leeuw et
al 2007, Lethem et al 1983, Philips 1987). This, in turn, may
lead to disuse, which has been described as performing at a
reduced level of physical activity in everyday life (Verbunt
et al 2003). Such disuse contributes to the pain experience,
maintaining and/or exacerbating the condition (Verbunt et
al 2003). It may be inferred from this model that individuals
with chronic low back pain are less physically active than
their healthy counterparts.
However, only a small number of studies have compared
the level of physical activity in people with chronic low
back pain with that of healthy controls using objective
methods such as activity monitoring, and the findings are
conflicting. Verbunt et al (2001) reported no difference in
energy expenditure between people with chronic low back
pain (n = 13) and matched controls (n = 13). In contrast,
Spenkelink et al (2002) reported that people with chronic
low back pain (n = 38) spent more time lying down during
both the day and the evening, less time standing in the
evening, and generally walked with a slower cadence
than matched controls (n = 10). Van den Berg-Emons et
al (2007) reported that people with chronic pain (n = 18),
six of whom had back pain, spent less time sitting, more
time lying down, and moved with a lower ‘intensity’ than

matched controls (n = 18). All of these studies controlled
for age and gender; however none adequately controlled
for occupation, even though occupation has been shown
to affect physical activity (Philippaerts and Lefevre 1998,
Sallis et al 1985). Previous studies comparing the physical
activity of individuals with chronic low back pain to
matched controls concentrated more on level of physical
activity than pattern of activity (Verbunt et al 2001), which
may have left important differences undetected. Therefore
the research question for this study was:
Is there a difference in the level and pattern of physical
activity between individuals with chronic low back
pain and matched healthy controls?

Method
Design
In this cross sectional study, the physical activity of individ
uals with chronic low back pain and a group of matched
healthy controls was compared. People with chronic low
back pain were recruited from physiotherapy outpatient
departments in Glasgow, Scotland, prior to receiving
any intervention. They were then matched with healthy
controls. Physical activity was measured using an activity
monitor which was worn 24 hours/day for seven days. It was
removed only during water-based activities. Participants
were encouraged to carry out their daily activities as
normal.
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Table 1. Characteristics of each group of participants and difference between groups reported either as mean difference
(95% CI) or odds ratio (95% CI).
Characteristic

Gender, n females (%)
Employed, n (%)
Age (yr), mean (SD)
Height (m), mean (SD)
Weight (kg), mean (SD)
BMI (kg/m2), mean (SD)
Duration of pain (yr), mean (SD)
Pain intensity (0 to 100), mean (SD)
RMDQ (0 to 24), med (IQR)

Groups
Chronic
Healthy
low back pain
controls
(n = 15)
(n = 15)
12 (80)
12 (80)
11 (73)
11 (73)
39 (11)
40 (11)
1.69 (0.11)
1.66 (0.07)
73.6 (9.6)
67.4 (14.4)
25.7 (2.3)
24.2 (3.3)
8.2 (8.3)
n/a
31 (18)
n/a
8 (6)
n/a

Difference between groups
Chronic low back pain minus
healthy controls
OR 1.00 (0.17 to 5.98)
OR 1.00 (0.20 to 5.04)
MD –1 (–3 to 1)
MD 0.03 (–0.3 to 0.08)
MD 6.2 (–1.1 to 13.5)
MD 1.5 (–0.8 to 3.7)
n/a
n/a
n/a

RMDQ = Roland Morris Disability Questionnaire, n/a = non applicable

Table 2. Matching of participants for occupation and physical demand.
Occupation
Chronic low back pain
Secretary
Day nurse
Housewife
NHS Interpreter (PT 20hrs)
Beautician
Employee trainer*
Student
Stock broker
Student
Building labourer
Housewife
Housewife
Housewife
Teacher
Student

Healthy controls
Secretary
Physiotherapist
Housewife
Clerical Assistant (PT 18hrs)
Hairdresser
Administration assistant
Student
Architect
Student
Agricultural labourer
Housewife
Housewife
Housewife
Lecturer
Student

Physical demand
Chronic low back pain
Healthy controls
S
S
M
M
L
L
S
S
L
L
S
S
n/a
n/a
S
L
n/a
n/a
H
H
L
L
L
L
L
L
L
L
n/a
n/a

PT = part time. S = sedentary, L = light, M = medium, H = heavy, V = very heavy work. * ‘Employee trainer’ was not an option in the
Dictionary of Occupational Titles (DOT) thus based on the demands of the job described by the participant (mostly administrative and office
related), the job was categorised by the researcher as sedentary. While pair eight differed by one category on the DOT, the description of
the jobs provided by the participants provided a reasonable rationale to compare the participants. n/a = non applicable: There was no DOT
category for the occupation of student.

Participants
The inclusion criteria for individuals with chronic low
back pain were: age 18–65 years and non-specific low back
pain for greater than three months duration. They were
excluded if they had non-back related musculoskeletal
problems which could affect physical activity or a history
of spinal surgery. A group of healthy participants, with no
history of back pain in the past six months (Spenkelink
et al 2002), were recruited as controls. The healthy
participants were individually matched to the chronic
low back pain participants for gender, age (± 5years), and
occupation. Occupational status was matched using the
physical demands category of the Dictionary of Occupation
Titles (National Academy of Sciences 2003). This is a
system which categorises occupation types based upon
different rationales such as the physical demands of the
job. Demographic characteristics (gender, age, employment
status, height, weight, and body mass index) were collected
for all participants. The participants with chronic low back
54

pain reported the duration of their symptoms and completed
the Roland Morris Disability Questionnaire, a validated
measure of activity limitations (Roland and Fairbank 2000,
Roland and Morris 1983), and a pain diary (Frost et al 1995,
Jensen and McFarland 1993).
Measurement of physical activity
Physical activity was measured using the activPAL™
monitora. The activPAL™ is a small (53 x 35 x 7 mm),
lightweight (20 g), single unit, accelerometer-based monitor
which attaches to the front of the thigh using a double sided
adhesiveb. The monitor produces a signal related to the
inclination and movement of the thigh which is interpreted
by algorithms using the proprietary software. The monitor
records, on a second-by-second basis, the postures of sitting/
lying, standing and walking, and also records the number of
steps and cadence (steps/minute). The activPAL™ has been
shown to be valid for measuring physical activity in healthy
adults (Godfrey et al 2007, Grant et al 2006, Ryan et al
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Table 3: Mean (SD) level of physical activity over an average 24-hour day for each group and mean (95% CI) difference
between groups.
Physical activity

Standing (hr/day)
Walking (hr/day)
Steps (steps/day)

Groups
Chronic low back pain
Healthy controls
(n = 15)
(n = 15)
3.6
3.9
(1.2)
(0.7)
2.2
2.9
(0.6)
(0.6)
8334
11 818
(2448)
(2160)

Difference between groups
Chronic low back pain minus
healthy controls
–0.3
(–0.9 to 0.4)
–0.7
(–1.1 to –0.3)
–3480
(–5207 to –1754)

Table 4. Mean (SD) level of physical activity for day-time versus evening-time on a work day and a non-work day for each
group and mean (95% CI) difference within groups.
Physical activity

Groups
Day time

Evening time

Difference within groups
Evening time minus day time

Chronic low
back pain
(n = 15)

Healthy
controls
(n = 15)

Chronic low
back pain
(n = 15)

Healthy
controls
(n = 15)

Chronic low
back pain
(n = 15)

Healthy controls
(n = 15)

9
(3)
613
(203)

11
(4)
800
(295)

8
(3)
477
(266)

11
(3)
845
(354)

–2
(–3 to 0)
–137
(–285 to 12)

–0
(–4 to 3)
45
(–264 to 354)

10
(4)
590
(327)

13
(5)
891
(400)

6
(3)
328
(158)

8
(3)
408
(195)

–4
(–6 to –2)
–262
(–452 to –73)

–5
(–8 to –3)
–483
(–648 to –319)

Work day
Walking (min/hr)
Steps (steps/hr)
Non–work day
Walking (min/hr)
Steps (steps/hr)

2006) and individuals with chronic low back pain (Ryan et
al 2008).

Results

Level of physical activity was measured as time in standing
and walking, and number of steps. These were calculated
for the following time periods: 24-hour day (midnight to
midnight), day time (9.00 am – 4.00 pm), and evening time
(6.00 pm – 10.00 pm) (Spenkelink et al 2002). The week’s
activity was separated into work days and non-work days.
Work days were defined as a day on which some form of
paid employment occurred; non-work days were defined as
a day on which no paid employment occurred. For those who
were not in paid employment, a week day was considered as
a work day and a weekend day was considered a non-work
day.

Fifteen people with chronic low back pain were recruited.
The characteristics of each group are presented in Table 1
and the lack of difference between them suggests that the
groups were well matched for gender, employment, age,
height, weight and BMI. The occupation and its physical
demand for each participant are presented in Table 2 showing
that the two groups were well matched for occupation.

Pattern of physical activity was measured as number of steps
and cadence during short (< 20 continuous steps), moderate
(20–100 continuous steps), long (> 100–499 continuous
steps), and extra long walks (≥ 500 continuous steps). These
categories were modified from previous research (ClarkeMoloney et al 2007, Eifell et al 2006).
Data analysis
Outcomes are presented as mean (SD) and the comparisons
between groups presented as mean difference (95% CI).
Statistical significance was determined using multivariate
t-tests (Manly 2005). In the event of a significant
multivariate t-test, post hoc paired t-tests were performed.
The significance level was set at p = 0.05.

Participants

Level of physical activity
Over an average 24-hour day, the chronic low back pain
group spent 0.7 fewer hours (95% CI 0.3 to 1.1, p < 0.01)
walking and took 3480 fewer steps (95% CI 1754 to 5207, p
< 0.01) than the healthy controls. There was no difference
between groups for time spent standing (Table 3).
On an average work day, the chronic low back pain group
took 137 fewer steps/hr (95% CI 12 to 285) during the evening
time than the day time, whereas the healthy controls took
the same number. On an average non-work day, the chronic
low back pain group took 262 fewer steps/hr (95% CI 73 to
452) during the evening time than the day time compared
with the healthy controls who took 483 fewer steps/hr (95%
CI 319 to 648) (Table 4).
On an average work day, the chronic low back pain group
spent 2 fewer min/hr walking (95% CI 0 to 3) during the
evening time than the day time, whereas the healthy controls
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Table 5. Mean (SD) level of physical activity for day time and evening time on a work day and a non-work day for each group
and mean (95% CI) difference between groups.
Physical activity

Groups
Chronic low back pain
(n = 15)

Healthy controls
(n = 15)

Difference between groups
Chronic low back pain minus
healthy controls

9
(3)
613
(203)

11
(4)
800
(295)

–2
(–5 to –0)
–187
(–371 to –2)

8
(3)
477
(266)

11
(3)
845
(354)

–4
(–7 to –1)
–368
(–630 to –107)

10
(4)
590
(327)

13
(5)
891
(400)

–3
(–7 to 0)
–301
(582 to –20)

6
(3)
328
(158)

8
(3)
408
(195)

–2
(–4 to 0)
–80
(–204 to 43)

Day time work day
Walking (min/hr)
Steps (steps/hr)
Evening time work day
Walking (min/hr)
Steps (steps/hr)
Day time non-work day
Walking (min/hr)
Steps (steps/hr)
Evening time non-work day
Walking (min/hr)
Steps (steps/hr)

Table 6. Mean (SD) pattern of physical activity during different length walks over an average 24-hour day for each group and
mean (95% CI) difference between groups.
Walks

Short (< 20 steps)
Steps (steps/day)
Cadence (steps/min)
Moderate (20–100 steps)
Steps (steps/day)
Cadence (steps/min)
Long (100–499 steps)
Steps (steps/day)
Cadence (steps/min)
Extra long (≥ 500 steps)
Steps (steps/day)
Cadence (steps/min)

Groups
Chronic low back pain
(n = 15)

Healthy controls
(n = 15)

Difference between groups
Chronic low back pain minus
healthy controls

1294
(428)
49
(4)

1368
(344)
48
(3)

–70
(–350 to 210)
1
(–2 to 4)

2830
(1178)
61
(7)

3623
(1015)
63
(3)

–793
(–1591 to 4)
–2
(–5 to 2)

2046
(914)
85
(9)

3260
(997)
87
(8)

–1214
(–2003 to –425)
–2
(–8 to 3)

2165
(2527)
103
(10)

3566
(1446)
113
(13)

–1401
(–3021 to 219)
–11
(–17 to –4)

spent the same amount of time. On an average non-work
day, the chronic low back pain group spent 4 fewer min/hr
walking (95% CI 2 to 6) during the evening time than the
day time compared with the healthy controls who spent 5
fewer min/hr walking (95% CI 3 to 8) (Table 4).
During the day time on an average work day, the chronic
low back pain group spent 2 fewer min/hr walking (95%
56

CI 0 to 5) and took 187 fewer steps/hr (95% CI 2 to 371)
than the healthy controls. Likewise, during the evening
time on an average work day, the chronic low back pain
group spent 4 fewer min/hr walking (95% CI 1 to 7) and
took 368 fewer steps/hr (95% CI 107 to 630) than the
healthy controls. In general, on an average non-work day,
the chronic low back pain group did not take fewer steps
than the healthy controls (Table 5).
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Pattern of physical activity
Over an average 24-hour day, the chronic low back pain
group took 793 fewer steps/day (95% CI –4 to 1591) during
moderate walks, and 1214 fewer steps/day (95% CI 425 to
2,003) during long walks than the healthy controls. They
also took 11 fewer steps/min (95% CI 4 to 17) during extra
long walks than the healthy controls (Table 6).

Discussion
This study found that individuals with chronic low back
pain had a lower level of physical activity than age-, gender-,
and occupation-matched controls over a mean 24-hour day.
They took 29% fewer steps than their healthy counterparts.
These findings conflict with previous research which has
identified either no difference in level of physical activity
(Verbunt et al 2001) or differences of a smaller magnitude
(14–17%) (Spenkelink et al 2002, van den Berg-Emons et
al 2007). Differences in method between the studies may
account for the conflicting findings. The aspects of physical
activity measured in the current study (eg, time standing
and walking as well as number of steps) differ from those
reported in other studies (Spenkelink et al 2002, Verbunt
et al 2001, Van den Berg-Emons et al 2007). Furthermore,
the current study collected data over a one-week period
while some previous studies have only collected data over
a single day (Spenkelink et al 2002, van den Berg-Emons
et al 2007).
A recent longitudinal study (Bousema et al 2007) followed
a group of 106 individuals with subacute low back pain
and found that half of the group that still had back pain
one year later had lower levels of activity, whilst the other
half had higher levels of activity. The authors argued that
these findings questioned the existence of disuse in this
patient group. Bousema et al (2007) compared level of
activity between subacute and chronic low back pain, for
the same individual. Despite its commendable longitudinal
design, whether physical activity levels are higher during
the subacute or chronic pain period does not answer the
question of whether disuse exists, since at both stages of the
condition, each individual may have had a lower or higher
level of physical activity compared with the period prior to
pain onset.
When the week’s level of physical activity was divided into
a work and non-work day, and day time versus evening time,
a pattern emerged which is best illustrated by the number of
step taken per day. During the day time on an average work
day, the chronic low back pain group took 23% fewer steps
than the control group. On an average work day, the chronic
low back pain group took fewer steps per hour in the evening
compared with the day time, whereas the healthy controls
took much the same number of steps. This finding supports
previous research by Spenkelink et al (2002) who reported
that evening time was the period when people with chronic
low back pain had the greatest decrease in level of physical
activity compared with healthy controls. Spenkelink et al
(2002) proposed that the lower level of physical activity in
the evening time suggested that the chronic low back pain
participants used up all their physical resources during the
day time to complete their activities of daily living and as a
result had a lower capacity to be active during the eveningtime.
The chronic low back pain group took fewer steps over an
average 24-hour day. This was due primarily to their taking
fewer steps during moderate and long walks. That is, not

only did individuals with chronic low back pain take fewer
steps in total but the manner in which they accumulated
those steps was different. This pattern is similar to previous
research comparing patients with venous leg ulceration with
healthy controls (Clarke-Moloney et al 2007). Furthermore,
the chronic low back pain group walked with a slower
cadence during extra long walks than their matched
counterparts. This finding is in line with previous research
which found that people with chronic pain move with less
‘intensity’ than healthy controls (van den Berg-Emons et al
2007).
This study has found evidence of a lower level and an altered
pattern of physical activity in individuals with chronic low
back pain compared with matched controls. This could
be interpreted as support for the existence of disuse in
this condition which fits with the fear-avoidance model of
chronic pain (Leeuw et al 2007). Over an average 24-hour
day, the magnitude of the difference was as much as 29%.
Currently, there is no consensus as to what constitutes a
clinically-important decrease in level of physical activity.
Van den Berg-Emons et al (2007) questioned whether 14%
was important when compared with decreases of 60–70%
found in individuals with conditions such as heart disease
and spinal cord injury. Further work is required to establish
a clinically-important decrease in physical activity for
individuals with chronic low back pain.
The primary limitation of this study is its cross-sectional
study design, thus no inferences about cause and effect
can be made. The small sample size may have resulted in
the study being underpowered and some real differences
between groups not being identified. However, the sample
size was similar to previous research in the area (Verbunt
et al 2001, van den Berg-Emons et al 2007). It was assumed
that the disability and pain levels in the control group were
zero; however it may have been advisable to have asked the
controls to complete the relevant questionnaires.
In conclusion, people with chronic low back pain have a
lower level and pattern of physical activity compared to age-,
gender-, and occupation-matched controls. The magnitude
of the decrease was as large as 44% (steps/hr during evening
time on a work day). The chronic low back pain group took
fewer steps during moderate and long walks and walked
with a slower cadence during extra long walks. n
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