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Spinal mechanical load: a predictor of persistent low back pain?
A prospective cohort study

Eric W. P. Bakker Æ Arianne P. Verhagen Æ
Cees Lucas Æ Hans J. C. M. F. Koning Æ Bart W. Koes

Received: 22 August 2006 / Revised: 22 December 2006 / Accepted: 25 February 2007 / Published online: 12 April 2007

� Springer-Verlag 2007

Abstract Prospective inception cohort. To assess the

prognostic value of spinal mechanical load, assessed with

the 24-hour schedule (24HS), in subjects with acute non-

specific low back pain (ALBP) and to examine the influence

of spinal mechanical load on the course of ALBP. In view of

the characteristics of the natural course of ALBP, this

should be viewed as a persistent condition in many patients

rather that a benign self-limiting disease. Therefore,

secondary prevention could be beneficial. Spinal mechani-

cal load is a risk factor for ALBP and possibly a (modifi-

able) prognostic factor for persistent (i.e. recurrent and/or

chronic) LBP. One hundred patients from primary care with

ALBP were eligible for inclusion. At 6 months, 88 subjects

completed the follow-up. For the follow-up assessment a

research assistant, unaware of our interest in the prognostic

factors, contacted the subjects by telephone. Questionnaires

were completed focusing on changes in demographic data

and on the course and current status of ALBP. Persistent

LBP occurred in 60% subjects. After multivariate regres-

sion analysis smoking (harmful) and advanced age (pro-

tective) were associated with persistent LBP. Differences in

24HS scores at baseline and follow-up were univariate-re-

lated to persistent LBP. Spinal mechanical load, quantified

with the 24HS, is not a prognostic factor for persistent LBP.

Modification of spinal mechanical load in terms of 24HS

scores could be beneficial for secondary prevention in

patients with acute LBP.

Keywords Cohort � Follow-up � Low back pain �
Prognosis � Mechanical load � 24-hour schedule

Introduction

Low back pain (LBP) is a common condition. On any given

day 12–33% of the people report some back pain [31]. It

was suggested that acute LBP is a benign self-limiting

disease with a recovery rate of 80–90% within 6 weeks

irrespective of the management or type of treatment [29],

but a recent systematic review did not find any evidence for

this [19]. In view of the characteristics of the natural

course, acute LBP should be viewed as a persistent con-

dition in many patients [6]. In 1998, the direct costs of back

pain were 0.19% and indirect cost between 0.12 and 0.58%

of the United Kingdoms’ Gross Domestic Product [15].

Secondary prevention, i.e. prevention of recurrent episodes,

might be beneficial in the management of LBP. For sec-

ondary prevention, knowledge of the prognostic factors is

essential. In the literature, prognostic factors for persistent

LBP vary from measures of LBP itself, psychological

indicators to socio-demographic factors [8]. In a previous

study, spinal mechanical load quantified with the 24-hour

schedule (24HS), was independently associated with the

occurrence of acute non-specific LBP. Consequently,

spinal mechanical load was regarded as a risk factor for

LBP [4].

The 24HS is a one-dimensional questionnaire developed

for quantifying spinal mechanical load (posture and spinal
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load applied) in the subject at issue. The 24HS has face,

content and construct validity and the inter-observer reli-

ability was shown to be high [3, 4].

The purpose of this prospective study was to assess the

prognostic value of spinal mechanical load, quantified with

the 24HS, for predicting persistent (i.e. recurrent and/or

chronic) LBP in subjects with acute LBP, and to examine

the influence of changes in spinal mechanical load, quan-

tified with the 24HS, on the course of LBP.

Methods

Study population

An inception cohort was formed of subjects diagnosed with

acute (i.e. an episode of LBP lasting less than 6 weeks)

non-specific LBP [11]. Forty general practitioners (GP) in

the city of The Hague, The Netherlands were asked to refer

patients with LBP to one of the assessors in one of the four

local research centres. Non-specific LBP was applicable if

the anamnesis and physical examination ruled out specific

pathologic (‘red flag’ conditions such as tumour, infection,

or fracture), and sciatica/radicular syndrome. The physical

examination includes localisation of the pain, the assess-

ment of spinal movements, and Straight Leg Raising test

[5, 10]. Patients were eligible for inclusion if an assessor

confirmed the ‘diagnosis’ LBP. Exclusion criteria were:

insufficient understanding of the Dutch language, previous

episode(s) of LBP in the past 12 months, LBP after a

significant trauma, pregnancy, spinal surgery, and known

pathology suspicious of specific LBP. Definitions used in

this study are in accordance with the Dutch Guideline for

General Practitioners ‘Low Back Pain’ and internationally

accepted [5, 10].

Baseline assessment

All 18 assessors were physiotherapists. All subjects

signed informed consent and were coded for anonymity.

Questionnaires were completed focusing on subjects’

demographic data and the following known prognostic

factors: factors related to the episode of LBP: pain

intensity at consultation [26], duration of symptoms

(maximum 6 weeks), radiating leg pain (below the knee)

[27], and restricted spinal movement [25]. The following

prognostic factors present before the onset of the episode

LBP were also listed: gender, age [7], previous episode(s)

of LBP (longer than 12 months ago) [26], and smoking

[27]. Social and psychological factors [20, 21] were

measured with the Nottingham Health Profile—Dutch

Version—(NHP) [9] and the Acute Low Back Pain

Screening Questionnaire, Dutch version (ALBSQ) [28].

(Un-) employment [27] and job satisfaction [18] were

assessed separately.

Radiating leg pain, smoking, and unemployment were

dichotomised as: YES if subjects indicated to experience

the prognostic factor and NO if subjects indicated not to

experience the prognostic factor. Pain intensity at consul-

tation, job satisfaction, and restricted spinal movement

were measured with an 11-point Numeric Rating Scale,

where ‘0’ indicates a minimum or poor and ‘10’ a maxi-

mum or good score [13]. The scores of the six domains of

the NHP I and II were summed and presented as mean

score (ranging 0–87). Finally, the 24HS was used for the

assessment of spinal mechanical loading.

The procedure of the 24HS measurement

An assessor, trained in using the 24HS, systematically

asked the subjects to describe their daily activities. Of 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 Addendum the 24HS registration form). For ‘load

applied’, the following 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 completing the

registration, subject’s flexed-posture score was calculated

first. Of 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 cate-

gories, based on Nachemsons’ findings modified by Sato

[16, 24], was set to 1:2:3 [3]. For example, an activity

scored 5 h in the second category on the registration form,

becomes 10 h when recalculated to the first category. An

activity scored 5 h in the third category 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 category. 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 pos-

tures. The resulting figure gives insight into the dominant

use (the training activity) of the back (range –72 to +72

schedule hours). Negative sum-scores point to an overall

spine use in extended and positive sum-scores indicates an

overall spine use in flexed postures.

After baseline measurement, all subjects received

guideline-based information [5, 10], including reassuring

the patient of a favourable prognosis, encouraging the pa-

tient to stay active and discouraging bed rest [14]. Finally,

the outcome of the assessment was explained. All infor-

mation was summarised in a brochure, which patients

received. The total time required for the assessment was
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30 min; including 10 min for guideline-based information,

explanation and summarising.

Follow-up

After 6 months, a research assistant contacted subjects by

telephone. This research assistant was trained in the

assessment of the 24HS, but not how to interpret it. Fur-

thermore, the assistant was unaware of our special interest

in the prognostic factors assessed. In this manner we tried

to achieve an objective, unbiased measurement. During this

interview the subjects answered questions focusing on

changes in the subjects’ demographical data as work or

daily occupation and possible pregnancy, the characteris-

tics of the initial episode LBP (duration of the complaints,

care seeking including receiving physical therapy [12]),

and (if relevant) the characteristics of the recurrence epi-

sode(s). Finally, the subjects were asked for their opinion

of the received ‘hands-off’’ strategy for LBP, as advised in

the Guideline for General Practitioners ‘Low Back Pain’

[5,10]. Subjects’ opinion was measured with an 11-point

Numeric Rating Scale13. The 24HS was assessed in order

to quantify changes in spinal mechanical loading compared

to the baseline measurement.

In this study, the primary dependent variable was per-

sistent LBP. Persistent LBP was applicable if a subject

experienced a recurrence episode(s) and/or subjects’ epi-

sode of LBP was labelled chronic, i.e. subjects’ episode

lasted longer than 12 weeks [8]. Persistent LBP was

dichotomised and was regarded positive if the subject did

experience a recurrent episode and/or subject s’ episode of

LBP lasted longer than 12 weeks. If the subject did not

experience a recurrent episode or subject s’ episode of LBP

did not last longer than 12 weeks, the variable persistent

LBP was scored as NO. To determine if a subject had

persistent LBP or not, the variables recurrence episode(s)

and chronicity were separately assessed. These variables

were also dichotomised; YES, if subject did experience a

recurrent episode or subjects’ episode LBP lasted longer

than 12 weeks. NO, if subject did not experience a recur-

rent episode or subjects’ episode LBP did not last longer

than 12 weeks. The independent variables were the fol-

lowing prognostic factors: the 24HS-sum-scores, gender,

age, previous episode(s) of LBP, smoking, NHP, ALBSQ,

(un-) employment, job satisfaction, pain intensity at con-

sultation, duration of symptoms of the baseline episode

LBP, radiating leg pain, restricted spinal movement, and

receiving physical therapy.

Sample size

The odds ratio (OR) was used to express the association

between the dependent and the independent variables. For

the association between the dependent variables and the

mean 24HS sum-scores, an OR of 1.5 was considered

clinically relevant. Power analysis indicated that (using an
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alpha of 0.05 and a power of 0.80 and an expected 15%

dropout [1] 100 participants would be sufficient to detect

such difference with statistical significance.

Analysis

A logistic regression analysis was used for calculating the

associations between the dependent variables (persistent

LBP, recurrence episode(s) or chronicity) and the inde-

pendent variables. After a univariate regression analysis, a

multivariate logistic regression (model Backward Wald)

was run on the independent variables that showed a relation

to persistent LBP, recurrence episode(s) or chronicity.

Threshold for entry of independent variables in the multi-

variate model was P < 0.05 and for removal P > 0.1 [2].

The Nagelkerke R2 was used to assess the explained vari-

ance of the model.

To assess the association between the dependent vari-

able persistent LBP and the continue predictor changes in

24HS score (i.e. difference in baseline and follow-up 24HS

scores), a univariate regression analysis was used.

After the blinded, double data entry, all analyses were

carried out in 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. Differences between the group

completing the follow-up versus those lost-to-follow-up

were compared using the Paired-Samples T Test or, in case

of skewed distributions, the non-parametric Mann–Whit-

ney U test.

The Medical Ethics Committee of the Erasmus Medical

Centre (Rotterdam, The Netherlands) approved the study.

Results

Patients

One hundred subjects were eligible for entering the study

of which three subjects were excluded. Two had a previous

episode LBP in the past 12-months, and one had com-

plaints lasting longer than 6 weeks. A total of 97 subjects

were included. The median duration of LBP when included

was 1 week (IQR 0–3 weeks). At 6 months, nine subjects

dropped out, of which one did not want to participate, and

two moved outside the Netherlands. We were not able to

contact six subjects, resulting in 88 subjects completing the

study. The baseline characteristics of all 97 subjects as well

as subjects completing the 6-months follow-up and drop-

outs are shown in Table 1. The nine dropouts differ sta-

tistically significant from the subjects that completed the

follow-up in: gender (more women), previous episode(s)

(higher prevalence) and ALBPSQ scores (higher). There-

fore, it is likely that this group is somewhat more at risk for

persistent low back pain.

Baseline LBP

The median duration of the complaints was four weeks

(IQR 2–8). Chronicity of LBP occurred in 12 (14%) sub-

Table 1 Characteristics of the study population

Prognostic factors Baseline N = 97 Lost-to-follow-up N = 9 Follow-up N = 88

Male (%) 52/97 (54) 3/9 (33) 49/88 (56)

Age, mean (minimum–maximum, SD) 40.7 (15–82, 13.5) 37.4 (26–56, 9.4) 41 (15–82, 14)

Previous episode(s) LBP (%) 70/97 (72) 8/9 (88) 58/88 (67)

Smoking (%) 34/97 (35) 5/9 (56) 29/88 (33)

24HS sum-scores, mean (SD) 34.4 (8.2) 32.5 (9.0) 34.6 (8.1)

NHP sum-scores, mean (SD) range 0–87 2.88 (2.2) 2.7 (1.7) 2.87 (2.3)

ALBPSQ, median (IQR). Range 12–192 65 (42–84) 84 (46–94) 64 (42–78)

Unemployment (%) 7/97 (7) 1/9 (11) 6/88 (7)

Job satisfaction, mean (SD) 7.5 (2.5) 7 (2.9) 7.6 (2.5)

Pain NRS, median (minimum–maximum) range 0–10 6 (0–10) 6 (0–10) 5 (0–9)

Duration of symptoms in days, mean (SD) 11.7 (6.7) 11.3 (6.7) 11.8 (6.7)

Pain radiating in one or both legs (%) 35/97 (36) 4/9 (44) 31/88 (35)

Spinal movement, mean (SD) 6.3 (2.2) 6.1 (3.0) 6.5 (2.2)

As for daily occupation or while at work: ‘sitting’ 57 5 52

As for daily occupation or while at work: ‘variable work’ 27 2 25

As for daily occupation or while at work: ‘heavy spinal loading’ 7 1 6

As for daily occupation or while at work: ‘other’ (‘missing’) 3 (3) (1) 3 (2)
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jects, of whom 8 (9%) had persistent complaints over the

6-month period.

Recurrent LBP

All recurrent episodes were labelled as non-specific LBP.

Pregnancy did not occur in the group who completed the

follow-up. In this group, recurrent episode(s) occurred in

37 (42%) subjects and 4 (5%) subjects had recurrent epi-

sode(s) lasting longer then 12 weeks (chronic). The median

number of recurrent episode(s) was 1 (IQR 0–3). Thirty-

five subjects (40%) reported no further complaints after the

baseline LBP episode. As a result, the proportion persistent

LBP in the group who completed the follow-up was 60%

(see flow chart) Fig. 1.

Changes in demographical data

A total of eight people (9%) changed work or daily occu-

pation during the follow-up period, of which four (5%)

became unemployed. Including the five subjects who were

unemployed at baseline, the proportion of (un-) employed

in the follow-up group was nine (10%).

Subjects’ care seeking for baseline and recurrent LBP

are shown in Table 2.

The total number of GP-consultations reported in this

study was 109, including the index consult. The proportion

of GP-consultations per person was 1.2 (109/88). Eighteen

(21%) subjects received physical therapy (unspecified) for

baseline LBP or recurrent episodes. Subjects were highly

satisfied with the ‘hands-off’ strategy for LBP (10 IQR

8–10) received.

Prognostic factors for persistent low back pain

First, a univariate regression analysis was performed on

persistent LBP as dependent variable and the 14 (previ-

ously mentioned) potentially relevant independent vari-

ables. Of these, the 24HS sum-scores, smoking and age

were univariate significantly related to persistent LBP.

After a multivariate regression analysis, age and smoking

remained significantly associated with the outcome. The

OR for the dichotomised variable smoking was 4.4. The

OR for persistent LBP increased by a factor 0.96 for every

additional year of age. The explained variance of this

model was 16.9% (Nagelkerke R2).

This procedure was repeated for recurrent LBP as

dependent variable. Here only 24HS sum-scores and age

were univariate significantly related to the outcome. After a

multivariate regression analysis, age remained significantly

associated with recurrent LBP. In the third univariate

regression analysis only receiving physical therapy was

Entering Study
N = 100

Excluded
N = 3

Included
N = 97

Drop-outs
N = 9

6 months follow
up N = 88

Continuous
complaints N = 8

Complaints > 12
weeks N = 4

Recurrent
episodes N = 37 

Recurrent and
> 12 weeks N = 4

Persistent LBP Fully recovered < 
12 weeks N = 35N = 53

Fig. 1 Flow chart

Table 2 Subjects’ care seeking for baseline and recurrent LBP

Baseline LBP N = 88 Recurrent LBPa N = 41

Consultation GP Once 7 (8%), twice 3 (3%) Once 8 (20%)

Referral or treatment GP Neurology 1 (1%), orthopaedic 2 (2%),

other (no-medical) 6 (7%)

Other (no-medical) 6 (15%), medication 1 (2%)

Other treatment No treatment 59 (67%), physical therapy 14 (16%),

manual therapy 6 (7%), other 5 (6%), missing 4 (5%)

No treatment 38 (93%), physical therapy 6 (15%),

manual therapy 1 (2%), other 1 (2%), missing 4 (10%)

a Total number of recurrent episodes (N = 37) and recurrent episodes lasting longer then 12 weeks (N = 4)

Eur Spine J (2007) 16:933–941 937
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univariate-related to chronicity (P < 0.1). Table 3 presents

the results of the univariate and the multivariate analyses.

Assessed postures

‘Cohorts’ mean 24HS score at baseline was 34.4 (SD 8.2),

and at follow-up 1.1 (SD 14.1). All assessed 24HS scores

differed significantly between the groups (persistent LBP

or not). See also Table 4, where scores are separately

presented.

The differences in distribution of 24HS sum-scores at

‘baseline’ and ‘follow-up’ are illustrated in Fig. 2. The

individual scores were either marked for persistent LBP or

not.

A univariate regression analysis was performed to assess

the association between changes in 24HS scores (at base-

line and follow-up) and the dependent variable persistent

LBP. The OR for persistent LBP was 0.96 (95% C.I. 0.93–

0.99), indicating a protective effect for changes in 24HS

scores.

Discussion

In our cohort, 35 (40%) of the patients with LBP recovered

fully within 12 weeks and did not experience a recurrent

episode within 6 months. This rate of recovery was also

observed in comparable primary care studies [27]. The

continuous variable age and the dichotomised variable

smoking were identified as prognostic factors. Since it was

hypothesised that an advanced age is associated with an

increased risk of chronic pain (relative risk increased by

1.36 for each 10-year age) [22], this result is noticeable.

Still, a similar association was described previously, al-

though not statistically significant [26].

At baseline, all subjects received guideline-based

information. This information was summarised in a folder,

which the subjects received. It is thinkable that elder sub-

jects were more seriously in their coping behaviour

regarding these advises. Possibly the protective effect of

advanced age on chronicity could be explained by subjects’

coping behaviour. The mean number of GP consultations

per person for LBP recorded in this study was 1.2 including

the index consult, which is less compared with the 1.6

reported in Great-Britain [17]. Possibly, the strategy de-

scribed is beneficial in terms of cost effectiveness. How-

ever, a controlled study is required to enable a statement

regarding the cost effectiveness.

Receiving physical therapy was univariate-associated

with chronicity (P < 0.1). As suggested in the Dutch

Guideline for General Practitioners ‘Low Back Pain’,

physical therapy can be considered for episodes LBP

lasting longer than 6 weeks [5]. In this view, receiving

physical therapy can be seen as a consequence of the rec-

ommendations of the evidence-based guideline, rather then

a prognostic factor for chronic LBP.

As risk factor, 24HS scores were strongly associated

with the occurrence of LBP [4], but as prognostic factor,

subjects’ 24HS scores at baseline were not associated with

persistent LBP. Changes in all 24HS scores (between

baseline and follow-up) were statistically significant. The

univariate analysis indicated a significant association be-

tween changes in 24HS scores and persistent LBP. The

odds ratio for persistent LBP reduced significantly with a

factor of 0.96 for every schedule hour the follow-up score

changed from the baseline score. Consequently, the greater

the subjects’ change in baseline-follow-up 24HS score the

smaller the odds for persistent LBP. This could indicate

that mechanical load of the spine is a modifiable factor in

the prognosis of LBP. Whether mechanical loading indeed

is a modifiable factor and an effective intervention should

be examined in future controlled studies.

Because 24HS score changes were not present at base-

line this variable was not regarded a prognostic variable.

Therefore, this variable was excluded from the multivariate

model.

The classification of low back pain into acute, sub-acute

(6–12 weeks), and chronic (>12 weeks) is a simplification

of reality, but necessary for scientific studies and useful in

clinical practice [30]. To understand the prognostic factors

for the development of persistent LBP, we recruited a

cohort of subjects with acute LBP in particular without a

pervious episode in the past year. By this, we avoided bias

[23] due to a mixed cohort of patients with acute low back

pain, recent exacerbations and chronic low back pain. We

used blinded assessment and performed statistical adjust-

ment for prognostic factors.

Despite being consecutive primary care patients, the

population studied cannot be considered representative of

the general population of acute low back pain patients. All

the subjects sought medical care, which may be related to

various socioeconomic factors. The exclusion criteria may

have led to an under representation of poorly educated and

foreign origin patients. However, the study population

represented the source population in primary care.

The data used for the 24HS were obtained from inter-

views using retrospective data for subjects’ description of

‘an average day’, and the quality may therefore be ques-

tioned. For that reason, the 24HS scores are considered as

an indication of the mechanical load.

Conclusion

Mechanical loading of the spine, quantified with the 24HS,

at baseline is not a prognostic factor for chronicity or

938 Eur Spine J (2007) 16:933–941
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recurrent episodes. Possibly modification of spinal

mechanical loading in terms of 24HS scores might be

beneficial for secondary prevention in patients with acute

LBP.
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