
Abstract A case–control study was conducted to as-

sess the daily loading of the spine as a risk factor for

acute non-specific low back pain (acute LBP). Acute

LBP is a benign, self-limiting disease, with a recovery

rate of 80–90% within 6 weeks irrespective of the

treatment type. Unfortunately, recurrence rates are

high. Therefore, prevention of acute LBP could be

beneficial. The 24-Hour Schedule (24HS) is a ques-

tionnaire developed to quantify physical spinal loading,

which is regarded as a potential and modifiable risk

factor for acute and recurrent low back pain. A total of

100 cases with acute LBP and 100 controls from a

primary care setting were included. Cases and controls

completed questionnaires regarding acute LBP status

and potential risk factors. Trained examiners blinded

to subjects’ disease status (acute LBP or not) assessed

spinal loading using the 24HS. The mean difference of

24HS sum-scores between groups was statistically sig-

nificant (P < 0.0001). After multivariate regression

analysis, previous episode(s), the 24HS and the Not-

tingham Health Profile were associated with the pres-

ence of acute LBP. High 24HS scores, indicating longer

and more intensive spinal loading in flexed position,

are strongly associated with acute LBP.
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Introduction

In the Netherlands, 15% of the total working-age

population currently claim disability insurance [24].

Each year, low back pain accounts for 13% of all new

cases [28]. Despite this burden for patient and society,

a clear aetiology of low back pain is unknown. About

85% of the cases with low back pain are labelled as

non-specific, i.e. not attributed to recognisable

pathology [11]. Acute non-specific low back pain

(acute LBP) is considered a benign self-limiting dis-

ease, with a recovery rate of 80–90% within 6 weeks in

the open population, irrespective of the type of man-

agement or treatment [27]. Nevertheless, recurrence

rates are reported as high as 50% in the following

12 months [7]. Prevention might be beneficial in the

management of acute LBP. For prevention, knowledge

of the risk factors is essential, but in general these are

poorly understood [5]. Nonetheless, there are indica-

tions that physical activities, i.e. manual material han-

dling, bending, twisting (heavy load) and whole-body

vibration, are possibly risk factors for acute LBP [13,

15, 19]. Quantification of mechanical load, posture and

spinal load applied, could be useful to identify the

physical risk factors. For this purpose, the 24-Hour

Schedule (24HS) was developed [6]. The 24HS is

a one-dimensional questionnaire measuring spinal
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mechanical load in the subject at issue. The 24HS has

face and content validity, and the interobserver reli-

ability was shown to be high [6].

The purpose of this study was to investigate the

24HS scores as potential independent risk factor for

acute LBP.

Methods

Study population

Forty general practitioners in the city of The Hague,

The Netherlands, referred patients diagnosed with

acute (i.e. an episode lasting less than 6 weeks) non-

specific low back pain (acute LBP) to one of the

assessors in one of the four local research centres.

Patients were eligible for inclusion if an assessor con-

firmed the ‘diagnosis’ (acute LBP) and the presence of

exclusion criteria were excluded. Exclusion criteria

were: insufficient understanding of the Dutch language,

previous episode(s) of acute LBP in the past

12 months, low back pain after a recent trauma, preg-

nancy, spinal surgery and known pathology suspicious

for/or specific low back pain. Definitions used in this

study are in accordance with the Dutch Guideline for

General Practitioners ‘Low Back Pain’ and interna-

tionally accepted [11].

For every case, a subject for the control group was

recruited, having a pain-free and unlimited function of

the back for a period of at least 12 months. The first

new patient with any condition who entered a research

centre for physical therapy (ergo after inclusion of a

case) was in principle eligible as a control. Exclusion

criteria were: insufficient understanding of the Dutch

language, pregnancy, complaints of the spine, i.e. pain

or stiffness in rest or during activities, and a previous

assessment in this study.

For all subjects, participation in the study was

strictly on a voluntary basis.

Assessment

All 18 assessors were physiotherapists trained in using

the 24HS. An assessor performed the inclusion proce-

dure, in which all subjects signed informed consent and

were coded to remain anonymous. Questionnaires

focusing on subjects’ history, demographical data and

known risk factors (i.e. heavy load, whole-body vibra-

tion, gender, age, bodyweight [14], smoking habits,

length [26] and previous episode(s) of low back

pain—hereafter called previous episode(s) [8]) were

completed. Scoring of previous episode(s), whole-body

vibration, heavy load and smoking was dichotomised

into present (subject indicated having experienced the

risk factor) or not present (subject did not indicate

having the risk factor). If relevant, the period (in years)

between the last episode of low back pain and the

assessment was registered: the pain-free interval. The

generic health-related quality of life measure, Notting-

ham Health Profile (NHP)—Dutch version [10], was

used for the measurement of psychosocial risk factors

[20]. The scores of the six domains of the NHP I and II

were summed. The presented score (range 0–87) is the

mean across all items. The spinal pain intensity was

measured with an 11-point Numeric Rating Scale (NRS)

[16]. Subjects were asked to choose one of the available

categories: ‘sitting’, ‘standing’, ‘walking’, ‘variable’, or

‘heavy physical’ to represent their most important

physical activity during daily occupation or profession.

A second assessor, uninformed of subject’s status

(i.e. being a case or a control subject), exclusively

performed the 24HS measurement. This assessor sys-

tematically asked the subjects to describe their daily

activities. In each activity, the position of the back in

the sagittal plane (i.e. flexed or extended), the load

applied and the duration were listed chronologically on

the standardised registration form (see Appendix). For

‘load applied’ three categories were available: (1) no

load applied (e.g. lying), (2) loaded (e.g. sitting) and

(3) loaded with movement (e.g. digging). After com-

pleting the registration, subject’s flexed-posture score

was first calculated. For each activity, the duration was

multiplied by the weight of the category the activity

was scored in and all obtained scores were added up.

The weight of the categories, based on Nachemsons’

findings [23], was set to 1:2:3 [6]. For example, an

activity scored 5 h in the second category on the reg-

istration form becomes 10 h when recalculated to the

first category. An activity scored 5 h in the third cate-

gory will be recalculated to 15 h in the first category.

The resulting figure represents the time the back was

loaded in a flexed posture with a load of the first cat-

egory. The parameter we called Schedule hours ranges

from 0 to 72. Subsequently, this procedure was

repeated for the extended posture (range 0–72). The

sum-score was obtained by subtracting the total time of

the extended postures from the total time of the flexed

postures. The resulting figure gives insight into the

dominant use (the training activity) of the back (range

– 72 Schedule hours to + 72 Schedule hours). Negative

sum-scores point to an overall spinal use in extended

postures and positive sum-scores indicate an overall

spinal use in flexed postures.

During the assessment, subjects were asked explicitly

not to inform the assessor about their role in the study.

Subsequently, for the cases, their first assessor explained
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the outcome of the assessment and summarised this in

an information brochure named ‘About Your Back’.

Controls received no additional information. The total

time required for the assessment was 30 min.

In this study, the dependent variable was the pres-

ence of acute LBP. The independent variables were the

24HS sum-scores, and the following risk factors for

acute LBP: gender, age, weight, length, smoking,

whole-body vibration, heavy load, previous episode(s)

and the NHP.

Analysis

The odds ratio (OR) was used to express the associa-

tion between the dependent and the independent

variables. For the association between the dependent

variable (acute LBP or not) and the mean 24HS sum-

scores, an OR of 1.5 was considered clinically relevant.

Power analysis indicated that (using an alpha of 0.05

and a power of 0.80) 200 participants (100 cases and

100 controls) would be sufficient to detect such dif-

ference with statistical significance.

After blinded, double data entry, all analyses were

carried out using SPSS 11.0. First, frequencies of risk

factors are presented with their mean and standard

deviation (SD). In case of skewed distributions, median

and interquartile range (IQR) were used. Next, groups

were compared using the Independent Samples T Test

or, in case of skewed distributions, the non-parametric

Mann–Whitney U Test. A logistic regression analysis

was used for calculating the associations between the

presence of acute LBP and the independent variables.

After a univariate regression analysis, a multivariate

logistic regression model (backward Wald) was run on

the independent variables that showed a relation to the

presence of acute LBP. Threshold for entry of inde-

pendent variables in the multivariate model was

P < 0.05 and for removal P > 0.1 [4]. The Nagelkerke

R2 was used to assess the explained variance of the

model.

The procedures followed were approved by the

Medical Ethics Committee of the Erasmus Medical

Centre (Rotterdam, The Netherlands), in accordance

with the Research Code of the Academic Medical

Centre (Amsterdam, The Netherlands).

Results

From October 2003 to October 2004 a total of 100

cases and 100 controls were included. The character-

istics of the study population are presented in Table 1.

The controls were recruited from patients who were

newly referred for physical therapy. The majority

(n = 54) of controls had a complaint in the lower limb,

and 16 were referred with shoulder problems. More

serious pathology occurred in eight controls (i.e. frac-

ture in four, postoperative in three and both in one).

No specified complaints occurred in 12, and missing

values in 10 controls.

Two subjects in the case group indicated no pain

during the assessment and in contrast, 28 scored

NRS ‡ 8 of which two indicated the maximum pain

score. Two cases and six controls did not fulfil the

inclusion criteria completely. Four subjects (two cases

and two controls) experienced low back pain in the

previous 12 months and four controls reported minor

low back pain (NRS = 1) during the assessment. Ret-

rospectively, confronted with these incorrect included

subjects we decided to analyse all included subjects.

For daily occupation or while-at-work, 57 cases

(mean score 34.7 Schedule hours) and 56 controls (mean

score 10.3 Schedule hours) were ‘sitting’. ‘Variable

work’ occurred in 28 cases (mean score 32.1 Schedule

hours) and 32 controls (mean score 12.0 Schedule

hours), ‘heavy physical’ indicating daily heavy loading

of the spine in 35 cases (mean score 36.4 Schedule hours)

and 22 controls (mean score 14.3 Schedule hours). There

was no statically significant association between the

outcome, the presence of acute LBP and the categories

representing subjects’ most significant physical activity

during their daily occupation or profession. Also, there

was no statistically significant difference in median years

that controls and cases performed their daily activities

preceding the moment of assessment; here the values

from 11 controls and 12 cases were missing. Three cases

indicated an unrestricted spinal function, while they

were experiencing low back pain, of which one indicated

NRS = 7.

Assessed postures

Flexed postures were registered in all 200 assessments.

The mean difference of 14.1 Schedule hours between

cases and controls was statistically significant

(P < 0.0001). No extended postures were measured in

9 controls and 88 cases. The difference between the

groups was statistically significant (P < 0.0001).

Sum-scores

In the case group, two negative sum-scores were as-

sessed, while the other cases scored 14 Schedule hours

or more. Twelve negative sum-scores were found in the

control group, see Fig. 1. The mean difference in sum-

scores (23.0 Schedule hours) between cases and con-

trols was statistically significant (P < 0.0001).
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Risk factors for low back pain

First, a univariate regression analysis was performed

including the ten potentially relevant independent vari-

ables: gender, age, weight, length, whole-body vibration,

heavy loading, smoking, previous episode(s), NHP and

24HS sum-scores. Of these, the 24HS sum-scores, NHP,

previous episode(s), heavy loading and smoking were

univariate significantly related to the outcome, the

presence of acute LBP. After a multivariate regression

analysis, the 24HS sum-scores as well as the previous

episode(s) and the NHP scores remained significantly

associated with acute LBP. Table 2 presents the results

of the univariate and multivariate analyses.

The OR for previous episode(s) is 5.55. The other

predictors (NHP and 24HS) are continuous values.

Consequently, the OR for acute LBP increases by a

factor of 1.26 for every additional 24HS score and 2.40

for every additional NHP score. Therefore, the small-

est association was for the NHP scores and acute LBP,

and the strongest association for 24HS scores and acute

LBP, as shown in Table 3.

The percentage of the total log likelihood for LBP

explained by the significant independent variables (i.e.

24HS sum-scores, previous episode(s) and NHP)

amounted 78.7% (Nagelkerke R2).

A subgroup analysis was performed in the group of

subjects with a previous episode of acute LBP evalu-

ating the pain-free interval. Only in the univariate

model was the influence of the pain-free interval sig-

nificantly associated with acute LBP. However, this

association was not statistically significant in the mul-

tivariate model (OR 0.95, 95% CI 0.85–1.07).

Discussion

High 24HS scores were strongly associated with acute

LBP in this study. The odds for having acute LBP is 1.26

to 1, and increases by this factor for every additional

schedule hour. The few and mostly small extended

scores of the cases could explain this high association. In

a previous reliability study the difference between the

flexed and extended scores was also substantial [6]. Al-

though the study population differs, these findings are

consistent with the results in the present study.

In view of the assessed association, we have to bear in

mind the following limitations. Results of ‘case–control

studies’ are likely to be overestimated [18]. Bias is

expected using retrospective data for subjects’ descrip-

tion of ‘an average day’. The reproducibility of the 24HS

was high [6]. Nevertheless, the accuracy of the assessor

Table 1 Characteristics of the
study population (n = 200)

Baseline characteristics Case Control

Male 52/100 58/100
Age (range, SD) 40.7 (15–82, 13.5) 39.8 (18–76, 13.5)
Weight (kg; range, SD) 75.2 (45–115, 14.5) 74.4 (47–108, 13.3)
Length (cm; range, SD) 176.2 (152–200, 10.6) 175.4 (154–200, 10.0)
Whole-body vibration 8/100 5/100
Heavy load 35/100 22/100
Smoking 34/100 18/100
Previous episode(s) of low back pain 70/100 39/100
Pain-free interval (median, range) 2 (0.5–25) 3 (0–30)
Pain NRS (median, range) 6 (0–10) 0 (0–1)
Pain radiating in one or both legs 35/100 0/100
NHP sum-score (mean, SD) 2.88 (2.2) 1.15 (1.6)
24HS flexed postures (mean, SD) 35.2 Schedule hours

(SD 5.5)
21.1 Schedule hours

(SD 5.8)
24HS extended postures (median, IQR) 0 Schedule hours

(0–0 Schedule hours)
10 Schedule hours

(4.5–14 Schedule hours)
24HS sum-score (mean, SD) 34.4 (8.2) 11.4 (9.7)
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Fig. 1 Assessed sum-scores for spinal postures
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will determine the results. A questionnaire was used to

quantify the mechanical load of the back. The results

might be different when using more quantitative mea-

suring methods. Therefore, the obtained scores are

considered a conscientious indication of the mechanical

load. Hypothetically, serious pathology in the control

group and severe acute LBP in the case group could

possibly reveal an indication of the subject’s disease

status to assessors. Initially, we did not recognise that

this could endanger blinding and possibly bias the re-

sults. For this reason, we did not collect any data indi-

cating that the assessor was aware of the subjects’ status

(case or control). Theoretically, blinding could have

been insufficient in 36/200 (18%) of the assessments.

Nevertheless, the association between 24HS scores and

the presence of acute LBP seems substantial. Of course,

this finding needs replication in other studies and pop-

ulations. If high 24HS scores are indeed associated with

acute LBP, this may be a target for preventive measures

[6]. Whether these measures (i.e. focusing on the

reduction of flexed postures in patients) are effective or

not needs to be investigated in controlled studies.

Psychosocial risk factors were measured with the

generic health-related quality of life measure (NHP).

To avoid bias, controls were recruited from patients

with a variety of other complaints. Thus, the contrast

between cases and controls was minimised in all as-

pects. The association between acute LBP and 24HS,

NHP and other risk factors could be higher if more

‘extreme groups’ were included in this study.

Previous episodes were associated with acute LBP,

but a long pain-free interval is probably a protective

factor for recurrences.

A flexed and an extended position will affect the

musculoskeletal system of the lumbar spine in different

ways [1, 2, 9]. From the physiological point of view, the

musculoskeletal system of the spine weakens from

overuse or disuse [25]. In our study population, cases

indicated an intensive use of the back in a flexed po-

sition. It seems plausible that the musculoskeletal sys-

tem of the back, in the flexed position, might constitute

overuse, causing acute LBP. Then cases also indicated

an absence of use in an extended position. Thus, disuse

of the musculoskeletal system of the back involved in

an extended position is also a plausible explanation for

acute LBP. In the literature, several studies support

this suggested relation between (sudden) lordotic

activity and the occurrence of low back pain [3, 21, 22].

There was no statically significant association be-

tween the presence of acute LBP and the categories

representing subjects’ most important physical activity

during their daily occupation or profession. As for

‘sitting’, Hartvigsen et al. [12] concluded that sitting-

while-at-work is not associated with low back pain. Our

findings are consistent with that conclusion. Sitting-

while-at-work or daily occupation occurred in 57 cases

(mean score 34.7 Schedule hours) and 56 controls (mean

score 10.3 Schedule hours). Apparently, the controls

modified their 24HS sum-score by common daily

activities, e.g. through sleeping posture, sport, leisure

time or a maintained lordotic posture of the lumbar

spine during sitting. Consequently, sitting-while-at-

work as potential risk factor for acute LBP cannot be

regarded independently of other daily activities.

Considering the difference between cases and con-

trols in 24HS sum-scores, the value of isolated physical

risk factors could be limited due to the weight of com-

mon daily activities on spinal load, when identifying

mechanical load as risk for low back pain. Therefore, we

suggest involving all daily physical activities when

exploring mechanical load as a risk factor in low back

pain.

When present in other studies, the association be-

tween smoking and low back pain is expected to be weak

and clearly apparent only in large study samples [17].

Not including smoking as a risk factor in the multivari-

ate analysis is most likely due to the sample size.

The above-mentioned risk factors for acute LBP

could also have value as prognostic factor for recurrent

Table 2 Results of regression analysis

Predictors Exp B,
univariate
(95% CI)

Exp B,
multivariate
(95% CI)

Gender 0.784 (0.45–1.37) –
Age 1.01 (0.96–1.03) –
Weight 1.00 (0.98–1.02) –
Length 1.01 (0.98–1.04) –
Whole-body vibration 1.65 (0.52–5.24) –
Heavy loading 1.91 (1.02–3.57) 0.69 (0.09–5.3)
Smoking 2.35 (1.21–4.53) 3.08 (0.43–22.06)
Previous episodes 3.65 (2.03–6.66) 5.55 (1.72–17.87)*
Nottingham Health Profile 1.60 (1.34–1.92) 2.40 (1.33–4.30)*
24HS sum-score 1.25 (1.18–1.33) 1.26 (1.14–1.38)*

Predictors for acute LBP expressed in exponent B (OR) with their
95% confidence interval, in univariate and multivariate analysis

– = variable not taken into multivariate analysis (P > 0.1);
* = variable statistically significant in multivariate analysis

Table 3 Progress of the OR for acute LBP in successive 24HS
and NHP scores

Subjects’
24HS score
(Schedule hours)

Related OR
for LBP
(95% CI)

Subjects’
NHP score

Related OR for
LBP (95% CI)

1 1.3 (1.2–1.3) 1 1.4 (1.0–1.9)
10 9.1 (5.0–16.7) 1.7a 1.8 (1.1–3.0)
23a 161 (40–652) 3 2.7 (1.1–6.7)

aMean difference
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or chronic low back pain. This should, however, be

evaluated in a further prognostic study.

Generalisability

The cases were recruited from subjects consulting their

general practitioner for acute LBP. Due to the inclu-

sion criteria and definitions, as described in the Dutch

Guideline for General Practitioners [11], the subjects

represented a good reflection of the source population

in primary care. To improve understanding in the risk

factors for acute LBP, a ‘first-time-ever’ population

could be ideal. We also considered patients with a

pain-free and unlimited function of the back, for at

least 1 year, eligible to enter the study. Subjects with

recent exacerbations and/or chronic low back pain

were excluded. In this manner, bias of the potential

prognostic factors on the development of acute LBP

was avoided. Finally, no matching was applied for the

selection of cases and controls. Instead, logistic

regression was used to assess the influence of potential

risk factors on the presence of acute LBP.

Conclusion

High 24HS scores, indicating increased daily loading of

the spine in flexed position, was associated with the

presence of acute LBP in this study. This finding war-

rants further study of its use identifying the physical

risk factors for acute LBP, which might enable pre-

ventive strategies to be developed.
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