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Abstract

Objective The aim of this study was to develop a prediction model for the prognosis 

of sick leave due to low back pain (LBP).

Methods This is a cohort study with 103 employees sick-listed due to non-specific LBP 

and spinal disc herniation. A prediction model was developed based on questionnaire 

data and registered sick leave data with follow up of 180 days.

Results At follow up 31 (30.1%) employees were still sick-listed due to LBP. Forward 

selection procedure resulted in a model with: catastrophizing, musculoskeletal work 

load, and disability. The explained variance was 27.3%, calibration was adequate and 

discrimination was fair with AUC= 0.761 [IQR: 0.755-0.770].

Conclusion The prediction model of this study can adequately predict LBP sick leave 

after 180 days and could be used for employees sick listed due LBP. 

Key words absenteeism; low back pain; prediction models; prognostic research; 

return to work 
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Introduction

Sick leave due to low back pain (LBP) is a considerable burden for Western countries, 

as it is prevalent and results in high costs.1 About 15.5% of employees with back pain 

will report sick leave for 6 months or longer.2 Research could aim at two strategies 

to handle this problem: 1) preventing sick leave occurrence, or 2) improving the 

prognosis after sick leave by reducing its duration. For both strategies prediction 

models could play an important role. For the first strategy a prediction model could 

identify non-sick listed employees that are at high risk of LBP sick leave and these 

employees could be referred to preventive interventions. However, studies with well 

performing prediction models on the risk of LBP sick leave occurrence are limited.3-5 

Furthermore, prevention of LBP sick leave with interventions remains challenging 

and are not effective in all situations.6

Therefore it might be more beneficial for research to aim at the second strategy. 

Even more, reducing LBP sick leave duration is important, because when sick leave 

duration increases, the probability of returning to work decreases.7 Therefore most 

guidelines advice sick-listed employees with low back pain to return to work as soon 

as possible.8 More specific guidelines are dependent on the prognosis of LBP or sick 

leave duration. For example, early supervised exercise therapy is only recommended 

for employees with risk factors for persistent disabling pain.9 More extensive 

interventions seems promising or effective in employees with long term impairments 

or sick leave.10-12 Therefore it is important to know which employees are at high risk 

of long-term sick leave and are more suited for these interventions. 

It is important that occupational physicians accurately estimate the prognosis of 

sick leave to adjust their advice for reducing sick leave. However a study reported 

that the recommendations for activity and work for patients with back pain vary 

widely.13,14 Prediction models could identify sick-listed employees who are at high 

risk to develop long-term sick leave and could assist occupational physicians in their 

recommendation for interventions. High risk employees can then be referred to 

interventions which will reduce sick leave duration. Furthermore, if these prediction 

models identify sick-listed employees who will return to work on short term, these 

employees will not have to be referred to an intervention, preventing higher costs. 

Several studies developed prediction models for long-term LBP sick leave.15-25 Most 

of these studies used data that was either collected as a part of an RCT,15,19,21,23 

or routinely collected data,16,17,24 which limited including relevant predictors 

to those that were already collected, therefore, important predictors could be 
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missed. According to a recent review, the psychosocial work environment is clearly 

understudied in patients sick-listed due to sub-acute and chronic LBP.26 Adding 

these types of predictors might be beneficial for the performance of the prediction 

model. Furthermore, it could also help practitioners understanding its influence on 

return to work.26 Therefore, the aim of this study is to develop a prediction model for 

the prognosis of LBP sick leave with 180 days follow-up in a Dutch setting, with data 

that was specifically collected for this purpose.  

Methods

Study design and population
A cohort study with 2 year follow-up was conducted with baseline data combined 

with follow-up sick leave data registered by an occupational health service. 

Employees with LBP sick leave were invited to participate in this study after visiting 

an occupational physician between April 2016 and March 2018. In general, employees 

visit an occupational physician after 4-6 weeks of sick leave. The occupational 

physician certifies sick leave with a diagnostic code related to the 10th International 

Classification of Diseases (ICD-10).

176 employees participated in the baseline questionnaire. Inclusion and exclusion 

criteria were: LBP sick leave at baseline, which included certified sick leave: 

non-specific low back pain: ICD-10 categories M54.3 (sciatica), M54.4 (lumbago 

with sciatica) and M54.5 (low-back pain), and with spinal disc herniation M51.2 

(Lumbago due to displacement of intervertebral disc), good functional knowledge 

of Dutch, not pregnant, and having a job during the study period from which the 

occupational health service registers sick leave. After these criteria 103 participants 

were considered for this study. Participants received information on the study and 

an informed consent form, which they had to return within 2 weeks. After receiving 

informed consent, participants received the baseline questionnaire for which also 2 

weeks were given to complete. The study was approved by the Medical Ethics Review 

Committee. 

Outcome variable
The outcome variable of this study was still being sick-listed due to LBP at 180 days 

follow up. Sick leave was defined as temporary paid leave off work to any injury or 

illness, both work-related and not work-related. 
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Predictor variables
Sociodemographic variables included age, gender, educational level, and marital 

status. Educational level was measured on a seven grade scale and was consequently 

classified in three categories: low (none, primary education and junior vocational 

education), medium (secondary general education and senior vocational education) 

and high (higher professional education and university). Marital status was measured 

with five response options and was subsequently dichotomized: married/living 

together, and other, which consisted of: single and living independently, in a 

relationship and living independently, living with parents, or other.

Health-related variables included smoking (0=no, 1=yes), alcohol use, which was 

measured with the average amount of glasses of alcohol per week with response 

options: never, less than one per day, one per day, two per day, or three or more per 

day. Physical activity was measured as: “How often are physically active (moderate 

intensity) for 30 minutes in a week?”. Exercise was measured as: “How often do you 

exercise (vigorous intensity) in a week?”. From self-reported weight and height, Body 

Mass Index (BMI) was determined. Self-rated health was determined with response 

options ranging from 1 to 5: “poor” to “excellent”. Pain intensity was measured with 

a 10 point Visual Analog Scale 27. The duration of current back pain at baseline was 

measured in weeks. The diagnosis of low back pain was considered dichotomous 

(0=non-specific, 1=spinal disc herniation). Furthermore, disability was measured with 

the Roland Disability Questionnaire 28 containing 24 items with response options 

(0=no, 1=yes) and was summarized, resulting in a range of 0-24. Also, it was measured 

whether the employee visited a therapy (0=no, 1=yes), such as physical therapy or 

occupational rehabilitation, and if the employee used medication (0=no, 1=yes), 

both prescribed and over-the-counter.

Mental health-related variables included distress and was measured by three items 

of the Dutch questionnaire “Four Dimensional Symptom Questionnaire” (4DSQ-

Distress),29 this shortened scale was validated for early identification of distress 

among employees on sick leave.30 Response options ranged from 0 “no” to 2 

“frequently to very often or always” and were summed, resulting in a range from 0-6. 

Somatization was measured by a Dutch questionnaire “Four Dimensional Symptom 

Questionnaire” (4DSQ-Somatization),29 containing 16 items, with response options 

ranging from 0 “no” to 2 “frequently to very often or always”. The responses were 

summed, leading to a score with a range of 0–32. Pain self-efficacy was measured 

with the Dutch version of the Pain Self Efficacy questionnaire (PSEQ),31,32 containing 

10 statements with response options ranged from 0 “not at all confident”, to 6 

“completely confident”. Scores were averaged, resulting in a range between 0-6. 



58

Catastrophizing was measured with the Dutch version of Pain Catastrophizing Scale 

(PCS).33,34 13 statements were given with response options ranging from 0 “never” to 

4 “always”, which were summed resulting in a range of 0-4.

Social-related variables included interaction possibilities with coworkers, social  

support by coworkers, and social support by supervisor, all measured by the updated 

Dutch version of the Questionnaire on the Experience and Evaluation of Work 

(QEEW2).35,36 Each scale consisted of three items with response options ranging from 

1 “no” to 5 “very often or always”, and were averaged to scores with a range 1–5. 

Work-related variables included number of hours working per week, and musculo-

skeletal work load was measured by the Dutch Musculoskeletal Questionnaire,37 

containing 17 items. Answer options ranged from 0 “never” to 3 “very frequently”, and 

resulted in a mean score ranging between 0-3. Autonomy, job control, and work pace 

were measured by the updated Dutch version of the Questionnaire on the Experience 

and Evaluation of Work (QEEW2).35,36 Each scale consisted of three items with 

response options ranging from 1 “no” to 5 “very often or always”, and were averaged to 

scores with a range 1–5. The work ability index (WAI) was measured and summed to a

a workability score (range 7–49) according to the WAI guidelines.38 Expectation of 

return to work was assessed with response options: “I don’t know”, “within 1-2 months”, 

“within 3 months or more”. Furthermore, sick leave history of up to 12 months before 

baseline was collected from the occupational health service and was dichotomized 

(0=no, 1=yes). Duration of sick leave at baseline was also collected from the 

occupational health service and was measured in days.

Statistical analyses
The prediction model was developed with multivariable logistic regression for the 

outcome LBP sick leave status 180 days after baseline (0=no, 1=yes). With the criterion 

of 10-15 events per variable 39 and since 31 of the 103 employees are still sick-listed 

after 180 days, only a maximum of 3 variables could reliably enter the multivariable 

model. Therefore a forward stepwise selection procedure was chosen for selecting 

predictors. The predictors with the lowest p-value were added to the model until the 

maximum of 3 predictors was reached. To deal with missing values in the predictors, 

multiple imputation was applied by using the Multivariate Imputation by Chained 

Equations (MICE) package in R statistical software.40 33 imputed datasets were 

generated, as the dataset contained 33.0% incomplete cases.41 
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In general, the performance of a prediction model is better in the study population 

in which the model was developed. With internal validation, by the means of 

bootstrapping, this optimism can be estimated. 250 bootstrap samples were drawn of 

each imputed sample, and the performance of the prediction model in each bootstrap 

sample was compared with the performance in the original sample. It is an essential 

part of the development of the model to correct the model’s performance for this 

optimism to ensure better generalizability to other populations.42 

The performance of the prediction model was determined based on three measures: 

the explained variance, calibration, and discrimination. The explained variance was 

determined by the Nagelkerke’s R-square and can be seen as the overall predictive 

performance of the model. The Nagelkerke’s R-square was adjusted for optimism 

and determined in each imputed sample, and the median and interquartile range 

(IQR) was presented as the combined estimate of the explained variance of the 

prediction model.43 The calibration is the agreement between observed and predicted 

probabilities of LBP sick leave and was assessed by the Hosmer-Lemeshow goodness-

of-fit-test. In each imputed sample the Chi-square value of this test was determined 

and was pooled to present the combined estimate of calibration.43 Finally, the ability 

of the prediction model to discriminate between employees with and without LBP 

sick leave was evaluated with the receiver operating characteristic (ROC) curve. The 

area under the ROC-curve (AUC) reflects the degree of discrimination; AUC < 0.60 

reflects failing, 0.60–0.69 poor, 0.70–0.79 fair, 0.80–0.89 good, and ≥ 0.90 excellent 

discrimination.44 In each imputed sample the AUC was determined and the median 

and IQR were presented as the combined estimate of discrimination.43 For the final 

model sensitivity, specificity, positive predictive values and the negative predictive 

values were determined for a range of cut-off points in one of the imputed datasets. 

Additional analyses were performed to explore the workplace psychosocial variables 

more in depth as these were understudied in previous studies.26 The variables from our 

study which we categorized as workplace psychosocial variables according to the study 

of Steenstra, et al. 26 were: educational level, marital status, interaction possibilities 

with coworkers, co-worker social support, supervisor social support, musculoskeletal 

work load, autonomy, Job control, work pace, WAI, and expectations of return to work. 

With a forward selection procedure it was assessed whether with only this selection 

of predictors a prediction model could be developed. The predictors with the lowest 

p-value were added to the model until the maximum of 3 predictors was reached.

All the analyses were performed by using R, version 3.4.2 (R Project for  

Statistical Computing).
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Results

The characteristics of the study population are presented in table 1. Of the 103 

employees, 31 were still sick-listed 180 days after the baseline measurement.

Table 1. Descriptives of the study population

Characteristics Value Missing (%)

Age, mean (sd) 47.41 (10.49)

Gender, men (%) 75 (72.8) 1.0

Educational level, n (%)
Low
Medium
High

36 (35.0)
64 (62.1)

3 (2.9)

0.0

Marital status, married/living together (%) 83 (80.6) 0.0

Smoking, n (%) 27 (26.2) 1.0

Alcohol use, mean (sd) 1.22 (1.01) 1.0

Physical activity, mean (sd) 1.08 (1.49) 1.9

Exercise, mean (sd) 4.60 (8.00) 1.9

BMI, mean (sd) 26.49 (3.71) 0.0

Self-rated health, mean (sd) 1.99 (0.63) 0.0

Pain intensity, mean (sd) 4.91 (2.01) 0.0

Pain duration in weeks, mean (sd) 17.68 (28.86) 1.0

Diagnosis low back pain, non-specific (%) 46 (44.7) 0.0

Disability, mean (sd) 14.16 (5.21) 4.9

Therapy, n (%) 86 (83.5) 0.0

Medication, n (%) 82 (79.6) 0.0

Distress, mean (sd) 2.43 (2.18) 1.0

Somatization, mean (sd) 0.59 (0.39) 2.9

Pain self-efficacy, mean (sd) 3.35 (1.38) 1.9

Catastrophizing, mean (sd) 1.37 (0.79) 2.9

Interaction possibilities with coworkers, mean (sd) 1.76 (0.77) 1.0

Co-worker social support, mean (sd) 2.44 (0.49) 0.0

Supervisor social support, mean (sd) 2.36 (0.61) 0.0

Hours working per week, mean (sd) 36.67 (8.75) 0.0

 Musculoskeletal work load, mean (sd) 1.19 (0.54) 1.9

Autonomy, mean (sd) 1.62 (0.75) 0.0

Job control, mean (sd) 1.75 (0.72) 1.0

Work pace, mean (sd) 1.86 (0.41) 1.0

WAI, mean (sd) 31.09 (4.30) 22.3

Expectations of return to work, n (%)
I don’t know
Within 1-2 months
Within 3 months or more 

33 (32.0)
49 (47.6)
21 (20.4)

0.0

Sick leave history, n (%) 47 (45.6) 0.0

Sick leave duration at baseline, mean (sd) 53.92 (30.00) 0.0
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Table 2. Univariable pooled estimates for LBP sick leave after 180 days

B OR p 95% CI OR

Age 0.009 1.009 0.659 0.969-1.051

Gender, female 0.607 1.835 0.199 0.731-4.610

Educational level
Low
Medium
High

0
-0.041
0.128

1
0.960
1.136

0.928
0.920

0.394-2.335
0.093-13.886

Marital status, married/living together -0.280 0.755 0.596 0.267-2.141

Smoking 0.174 1.190 0.718 0.464-3.052

Alcohol use 0.125 1.133 0.558 0.748-1.716

Physical activity -0.028 0.973 0.576 0.884-1.071

Exercise -0.040 0.961 0.789 0.717-1.287

BMI 0.055 1.057 0.336 0.945-1.182

Self-rated health -0.673 0.510 0.083 0.240-1.084

Pain intensity 0.427 1.532 0.002 1.182-1.986

Pain duration in weeks -0.003 0.996 0.702 0.981-1.013

Diagnosis low back pain 0.542 1.720 0.224 0.721-4.101

Disability 0.197 1.218 0.002 1.082-1.371

Therapy 0.812 2.253 0.233 0.598-8.485

Medication 1.648 5.198 0.037 1.131-23.900

Distress 0.362 1.437 0.002 1.155-1.788

Somatization 2.517 12.391 0.002 2.639-58.172

Pain self-efficacy -0.466 0.627 0.009 0.446-0.882

Catastrophizing 1.167 3.212 0.001 1.676-6.156

Interaction possibilities with coworkers -0.618 0.539 0.041 0.301-0.966

Co-worker social support -0.532 0.587 0.227 0.249-1.385

Supervisor social support -0.411 0.663 0.234 0.339-1.299

Hours working per week -0.002 0.998 0.933 0.951-1.047

Musculoskeletal work load 0.890 2.435 0.036 1.071-5.538

Autonomy -0.580 0.559 0.058 0.309-1.013

Job control -0.429 0.651 0.175 0.352-1.205

Work pace -0.343 0.710 0.517 0.252-1.996

WAI -0.159 0.853 0.015 0.753-0.967

Expectations of return to work
I don’t know
Within 1-2 months
Within 3 months or more

0
-1.431
-0.856

1
0.239
0.425

0.006
0.154

0.088-0.646
0.132-1.366

Sick leave history 0.159 1.172 0.713 0.504-2.725

Sick leave duration at baseline 0.003 1.003 0.647 0.990-1.017
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In table 2 the univariable pooled estimates are presented. The following significant 

predictors (with p<0.05) were found: pain intensity, disability, medication, distress, 

somatization, pain-self efficacy, catastrophizing , interaction possibilities with 

coworkers, musculoskeletal work load, WAI, and expectations of return to work. In the 

forward selection process catastrophizing, musculoskeletal work load, and disability 

were selected for the final prediction model (table 3). 

The final model explained 27.3% [IQR: 0.259-0.286] of the variance after it was adjusted 

for optimism. The pooled p-value of the Hosmer-Lemeshow was 0.837, indicating 

a non-significant difference between predicted and observed probabilities, and 

therefore adequate calibration of the model. After adjusted for optimism, the AUC of 

the model was 0.761 [IQR: 0.755-0.770]. 

Table 3. Pooled estimates of the final prediction model for LBP sick leave after 180 days

B OR p 95% CI OR

Catastrophizing 0.933 2.543 0.021 1.170-5.526

Musculoskeletal work load 1.073 2.923 0.027 1.146-7.456

Disability 0.144 1.155 0.032 1.015-1.315

Table 4. Cut-off probabilities for the final prediction model

Cut-off probability Sensitivity Specificity PPV NPV

0.10 0.97 0.32 0.38 0.96

0.20 0.77 0.53 0.41 0.84

0.30 0.68 0.65 0.46 0.83

0.40 0.58 0.79 0.55 0.81

0.50 0.45 0.92 0.70 0.80

0.60 0.26 0.97 0.80 0.75

0.70 0.16 1.00 1.00 0.74

* PPV = Positive Predictive Value
* NPV = Negative Predictive Value

Table 5. Pooled estimates of the prediction model of workplace psychosocial variables for LBP 
sick leave after 180 days

B OR p 95% CI OR

WAI -0.132 0.876 0.048 0.771-0.996

Expectations
I don’t know
Within 1-2 months
Within 3 months or more

0
-1.128
-0.766

1
0.324
0.465

0.043
0.224

0.111-0.948
0.137-1.584
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The sensitivity, specificity, positive predictive values (PPV), and negative predictive 

of the final model values are presented in table 4. At a cut-off probability of 0.30 the 

sensitivity and specificity scores were maximized at 0.68 and 0.65, respectively. At 

this cut-off point, the PPV an NPV were 0.46 and 0.83. 

Additional analyses
The final model from workplace psychosocial variables included: WAI and expectations 

of return to work (table 5). After adjustment for optimism, the model explained 11.4% 

[IQR: 0.100-0.137] of variance. The pooled p-value of the Hosmer-Lemeshow was 

0.979, indicating adequate calibration of the model. The AUC of the model was 0.703 

[IQR: 0.690-0.717] after adjustment for optimism. 

Discussion

The aim of this study was to develop a prediction model for the prognosis of LBP 

sick leave with 180 days follow-up in a Dutch setting, with data that was specifically 

collected for this purpose. The developed prediction model contained the following 

predictors: catastrophizing, musculoskeletal work load, and disability. 

Catastrophizing is a highly significant predictor of LBP sick leave in our prediction 

model, and when employees experience higher scores of catastrophizing they are 

more likely to be still sick-listed due to LBP after 180 days. In the systematic review 

on prognostic factors for LBP sick leave of Steenstra, et al. 26 catastrophizing was not 

evaluated separately, but was evaluated together with similar constructs such as fear 

avoidance behavior, cognitive appraisal and coping. For these constructs together 

moderate evidence was found as a prognostic factor for sick leave due to subacute 

and chronic LBP. Our study population consisted of employees with subacute (6-12 

weeks) and chronic LBP (more than 12 weeks) as on average they had low back pain 

for 18 weeks with a standard deviation of 29 weeks. However, in previous prediction 

models catastrophizing was not included as a predictor.18,20,21 Still, catastrophizing 

was univariable significantly associated in one of these studies with follow up of 3 

months.20 And although it was not a predictor in a prediction model for return to work 

within 6 months, it was a predictor for return to work at 18 months.21 Steenstra, et al. 

26 suggested that catastrophizing might be of influence on return to work at a later 

stage, which the findings of Lindell, et al. 21 support. However, the results of Turner, 

et al. 18 are contradicting to this suggestion as catastrophizing being significantly 

univariably associated with sick leave with follow up of 3 months. Furthermore, as 

the follow up of our study was only 6 months, and even though our participants 
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had a somewhat longer duration of sick leave at baseline, catastrophizing was still 

significantly predictive of LBP sick leave in our study. 

Our prediction model shows that higher musculoskeletal work load results in higher 

probability to be sick-listed due to LBP after 180 days. Supportive of this, the systematic 

review of Steenstra, et al. 26 reported that physical demands had moderate evidence 

as a prognostic factor for return to work for employees with chronic LBP. However, 

insufficient evidence was found for subacute LBP. Similarly, physical demands was 

a predictor in a prediction model for longer time on benefits due to back pain.24 

In contrast, in a number of studies physical demands or musculoskeletal work load 

was not included in prediction models for return to work or duration of sick leave 

for employees with back pain.15,16,18,19,21,45 Even though physical demands or 

musculoskeletal work load was univariable significantly associated with return to work 

in some of these studies.15,18,21 Musculoskeletal work load or physical demands was 

measured with different measurements in these studies and was furthermore seen 

as dichotomized, categorized and continuous. Appropriate measurement of self-

reported physical demands is still a debated problem, as it is argued that self-report 

is imprecise compared to objective measures.46 These conflicting results might 

indicate that the manner of measuring musculoskeletal work load is of importance 

for its predictive ability for LBP sick leave.

The third and last predictor in our prediction model was disability. Our prediction 

model suggests that higher disability results in higher probability to be sick-listed 

due to LBP after 180 days. This result is partly supported by the finding that disability 

had moderate evidence for its association with sick leave due to subacute LBP.26 The 

result of our study was supported by two studies which also included disability in their 

prediction model for return to work or work disability.17,18 However, for sick leave 

due to chronic LBP strong evidence was found for no association with disability.26 

And, in multiple prediction models disability was not included,15,16,20,21,23 

although in each of these studies univariable associations were significant. In those 

prediction models other predictors were seemingly more predictive of sick leave or 

return to work than disability. 

The performance of the prediction model of this study was fair in terms of 

discrimination after internal validation (AUC=0.761). This performance is relatively 

high in comparison to other studies with the same follow-up duration, which report 

AUCs ranging from 0.63 to 0.79.19,21,22,24,25 The explained variance of 27.3% after 

internal validation is higher in comparison to other studies with the same follow-

up duration (i.e. between 6%-24%) 15,22. This is despite most of these studies 
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included more predictors in their model, which generally increases the AUC score 

and explained variances. This suggest that the predictors included in our prediction 

model were strongly predictive of LBP sick leave, even though these predictors did 

not have strong or consistent supportive findings in previous studies. 

In the additional analyses a prediction model was developed with only workplace 

psychosocial variables. The performance of this model was in terms of explained 

variances and AUC scores inferior to the final prediction models developed from all 

potential predictors. Although it was of importance to assess whether these variables 

can predict for the prognosis of LBP sick leave, our results suggest that a model 

developed from multiple categories of variables results in a higher performing model. 

Strengths and limitations
An important strength of this study is that we collected data specifically for the 

purpose of developing a prediction model for the prognosis of LBP sick leave. 

This study assessed more psychosocial work environment variables, which were 

understudied according to previous research.26 This might explain why predictors 

in our prediction model did not have strong or consistent supportive findings in 

previous studies. Furthermore, registered sick leave data was used in this study instead 

of self-reported sick leave, and thus reducing self-report bias. The small number of 

participating employees was an important limitation for this study. Because of this, 

limited number of predictors could be included in the model. From the univariable 

analysis it could be expected that more significant predictors could be added to the 

model if we had more statistical power. The inclusion of predictors was not necessarily 

stopped because no predictors added a significant contribution to the model, but 

was stopped because of the theoretical maximum of three predictors was reached 

according the events per variable rule.39 Lastly, this study did not externally validate 

the prediction model, which limits the validity of the model in different populations. 

However, this study performed internal validation of the prediction model, which is 

an important first step in dealing with the problem of optimism.42

Practical implications and directions for further research
The present study contained employees with non-specific low back pain and spinal 

disc herniation. Most low back pain is non-specific, as often not a specific cause can 

be found.47 According to guidelines, imaging should only be used if the clinician 

expects a specific condition that requires a different management in comparison 

to non-specific LBP.48 With imaging, one of the most frequent findings are disc 

herniation, however these often resolve or disappear over time, although pain then 

still may persist.48 For patients with disc herniation, early surgery may improve 
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radiculopathy on short term, however not on long term of 1 year.49 Otherwise, 

recent guidelines did not differentiate in recommended management of these two 

diagnosis.48 Therefore, we determined that including both diagnoses in our study 

population was reasonable. Furthermore, the diagnosis of low back pain was not 

significantly associated with LBP sick leave after 180 days, and we did not have to 

adjust our prediction model for the diagnosis. Thus this prediction model could be 

used for both low back pain diagnoses.

Furthermore, the duration of sick leave at baseline was also not significantly associated 

with LBP sick leave after 180 days. Therefore we did not add the duration of sick leave 

at baseline to the model as a way to correct for this. Originally this prediction model 

was developed to assist the occupational physician in determining the prognosis 

of LBP sick leave at the consultation with the employee at 4-6 weeks sick-listing. As 

the study sample included employees with a wide variation of the duration of sick-

listing at baseline, it could be suggested that this model is applicable in employees at 

different timing during sick leave. 

Although the model only contained three predictors, the performance of the model 

is reasonably good. An advantage of a small prediction model is that the model is 

easier to implement. This model could be used by an occupational physician during 

consultation. In the Netherlands, an occupational physician needs to develop a 

problem analysis which is followed by a plan of action when an employee is sick-

listed for 4-6 weeks aimed at reducing the duration of sick leave. A more evidence-

based estimation of the duration of sick leave by using the prediction model of this 

study could be very beneficial for this. When the model is used to refer high risk 

employees to expensive and intensive interventions, a cut-off point with a relative 

high specificity should be chosen, such as 0.50. Then it is less likely that employees 

are unnecessarily referred to expensive interventions, as most of the employees that 

are classified as low risk of long-term sick leave will not have long-term sick leave. 

Future studies should have as aim to externally validate the prediction model before 

it can be implemented in practice. As the prediction model from this study has a fair 

performance occupational health care could benefit of using this model in estimating 

the prognosis of LBP sick leave with 180 days follow up. 

From our study we can conclude that these three predictors can predict the prognosis 

of LBP sick leave in a model. Strictly said, we cannot conclude that these predictors 

are causally related to the prognosis of LBP sick leave. Therefore we cannot conclude 

that reducing the scores on these predictors by an intervention will cause an 

increased chance of RTW, since it is still possible that other factors are fundamental 
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on the relationship of these predictors and the prognosis of LBP sick leave. However, 

looking at the 3 predictors in terms of what interventions might be useful if 

intervening on these predictors would increase the chance of RTW, multidisciplinary 

interventions (e.g. interventions that focus on both the psychological symptoms and 

physical symptoms related to a disease) seem likely to be effective. These extensive 

intervention also seem promising in terms of effect on RTW. 10-12 Apart from that, 

workplace investigations and interventions by ergonomic specialists that focus on 

the musculoskeletal work load are also a frequent used method in occupational 

health care to reduce and prevent low back pain in the workplace.
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