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This thesis describes a series of studies about sub-grouping patients with low back 

pain (LBP), and can be divided into two parts. The first part (Chapters 2 to 4) focuses 

on the development of a screening instrument to identify a subgroup of patients in 

secondary care with chronic LBP who might benefit from additional psychological 

assessment. This study resulted in a screening instrument that is based on four signs 

and symptoms (Chapter 2). Information about the measurement properties of one of 

these signs, the Waddell score, is presented in Chapters 3 and 4. The second part 

(Chapters 5 to 7) describes the effectiveness and cost-effectiveness of a classification-

based system when applied to patients with LBP in primary care. This classification-

based system aims to subgroup these patients and matches them to treatments they 

are most likely to benefit from. The main findings of the research, its background, 

some supplementary findings, and important issues that were not explored in the 

previous chapters will be discussed in this chapter. Finally, this chapter will discuss 

the implications of our research and recommendations for future research. 

Main findings of the thesis, part 1

The development of a screening instrument and the measurement properties of the 

Waddell score in patients with chronic LBP in secondary care.

•  A screening instrument based on four signs and symptoms was developed for 

patients in secondary care with chronic LBP who might benefit from additional 

psychological assessment. The instrument showed good overall discriminative 

power and was regarded clinically useful (Chapter 2).

•  The inter-rater reliability and the intra-rater reliability of the Waddell score were 

moderate and good, respectively (Chapter 3).

•  The cross-sectional construct validity of the Waddell score was satisfactory with 15 

out of 20 a priori formulated hypotheses accepted. The associations between the 

Waddell score and psychological measurement instruments were weak. Therefore, 

the Waddell score cannot be regarded as a straightforward psychological ‘screener’ 

(Chapter 4).

Is our screening instrument ready to be implemented in secondary care?

We tried to adhere to the principles that are essential in the development phase of a 

screening instrument. We defined an outcome of interest that is important (relevant 
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psychological disturbances [yes or no] according to our psychologists), selected signs 

and symptoms that are widely used in LBP research and may be associated with 

the outcome, selected a relevant sample of patients, blinded the physical therapists 

and psychologists to each other’s findings and used appropriate statistical analyses. 

Our screening instrument showed a good overall discriminative power (area under the 

curve = 0.81) indicating that it has potential to determine which patients could benefit 

from additional psychological assessment. Further research is needed to replicate our 

findings in a similar patient population in order to validate our screening instrument and 

subsequently, show to what extent this screening instrument increases consistency in 

decision-making, improves patient outcomes and is cost-effective.

Is our screening instrument expected to be relevant for primary care?

It can be argued that our screening instrument might be useful in primary care too. 

Clinicians in both primary and secondary care have difficulties in making consistent 

decisions about the management of individuals with LBP,1 and generally under-

diagnose the existence of distress, anxiety and depression.2-4 However, we must realize 

that the prevalence of relevant psychological disturbances differs between patients in 

primary and secondary care.5 The prevalence of relevant psychological disturbances 

in our secondary care study was 53%, but has been estimated between 6-32% for 

various psychological diagnoses in Dutch primary care patients.6 Also, the prevalence 

of illness behaviour (≥ 2 Waddell’s non-organic signs) in our secondary care population 

(Chapter 4) was much higher compared to our primary care population (Chapter 6), 

48% and 13%, respectively. 

The statistical efficiency of screening instruments is greatest when the prevalence of 

the outcome of interest (reference standard) is between 40% to 60%.7 The prevalence 

in our secondary care study was thus optimal for our screening instrument to produce 

relevant changes from pre-test to post-test probabilities. It is expected that the 

information gain in primary care will be less, because of a lower prevalence of relevant 

psychological disturbances in primary care patients. However, for patients, the clinical 

impact may be important, regardless of the underlying prevalence of psychological 

disturbances. 

Why studying Waddell’s non-organic signs?

Non-organic sign-testing was first described around 100 years ago, and was originally 

used to identify malingering.8,9 With improvement in our understanding of medical and 

psychosocial aspects of low back pain, this view has been modified. In 1980, Waddell 
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et al.10 reintroduced and standardized a group of non-organic signs, and discussed 

them in the light of new psychological knowledge. Waddell et al.10 found that the signs 

correlated with psychological data, and suggested that the signs could be used as 

a screening tool to help identify patients who require more detailed psychological 

assessment. Since then, around 100 studies investigating or discussing Waddell’s non-

organic signs have been published. Although most of the researchers were positive 

about the clinical relevance of non-organic sign-testing, a few authors addressed 

the limitations.11-15 Of those that did, most notable is the review of Fishbain et al.16 

in 2003, which challenged the entire scientific basis of the non-organic signs. Since 

then, only a handful of publications have mentioned the use of Waddell’s non-organic 

signs. Although the review by Fishbain et al.16 suffered from some methodological 

shortcomings itself, it appears to have had a major impact on the general opinion 

regarding non-organic signs. In our research, we found that the reliability of Waddell’s 

non-organic sign-testing was sufficient and the cross-sectional construct validity 

was satisfactory. Our research also showed that it is hard to define what exactly the 

Waddell signs are measuring at a conceptual and clinical level. However, the Waddell 

score provides additional contribution to our screening tool above other signs and 

symptoms, and therefore we think there is a place for non-organic sign-testing in 

clinical practice. 

Recommendations for further research

•  Further research is needed to validate our screening instrument in a similar population. 

If the screening instrument appears to perform well, a next step is to assess if the 

instrument improves initial decision-making, reduces costs and improves patient 

outcomes. If so, one might be interested to assess its performance in a primary care 

setting. 

•  More research is needed to determine the reliability of the Waddell score. Ideally, 

this would be performed by several clinicians with a different degree of experience 

in non-organic sign-testing.



general dISCuSSIon

173

The main finding of this thesis, part 2

The effectiveness and cost-effectiveness of a classification-based system in patients 

with LBP in primary care

•  The classification-based treatment approach as used in this study was not more 

effective (Chapter 6) and not cost-effective (Chapter 7) in comparison with usual 

physical therapy care in a population of patients with sub-acute and chronic LBP in 

primary care.

Why did we conduct this study?

In 1995, Delitto and colleagues described a classification-based treatment approach for 

patients with LBP that was based on signs and symptoms. Since this proposal, several 

studies have been conducted that provide evidence in support of this subgrouping 

approach (Chapter 5, Table 1). In 2003, Fritz et al.17 compared the classification-based 

treatment approach to treatment according to US clinical guidelines using a randomized 

controlled trial (RCT). They randomized 78 patients with acute (< 3 weeks) work-related 

LBP of sufficient severity to necessitate modification of work duties. They found that 

the classification-based treatment approach was more effective than treatment based 

on the guidelines for disability measured with the Oswestry Disability Index (ODI) and 

on the physical component of the short form 36 health survey questionnaire (SF-36) 

at the 4-week follow-up, but not after 1 year. This raised the question whether this 

approach would be effective in another health care system and a related but different 

population. We compared the effectiveness of the classification-based treatment 

approach to usual physical therapy care in patients with sub-acute and chronic LBP 

in Dutch primary physical therapy care. We hypothesized that patients would benefit 

most from classification-based treatment, however we found no support for this 

hypothesis (Chapter 6).

Why did our results deviate from results of previous studies?

The somewhat different results between our study and that of Fritz et al.17 should be 

considered in the light of several differences in the designs of the studies. Probably 

most important is the difference in patient selection criteria. The classification-based 

treatment approach was originally tested on patients with acute symptoms and 

disability scores of > 30 on the ODI (range 0-100).18 Delitto et al.18 based acuteness on 

a criterion related to the severity of disability rather than days since onset. 
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They reported that the majority of patients so categorized have an ODI score 

between 40 and 60. The study by Fritz et al.17 included patients with a short duration 

of LBP and moderate to severe disability (mean ODI at baseline of 43). In contrast, 

79% of our participating patients had chronic LBP (> 12 weeks) and the mean ODI 

at baseline was 20. Another difference between the studies was the use of slightly 

different classification algorithms. We adapted the classification algorithm based 

on the context in which physical therapy is provided within the Dutch health care 

system. For example, we did not include the subgroup traction, because Dutch private 

practices generally do not have mechanical traction equipment and the Dutch physical 

therapy guidelines discourage traction in patients with LBP.19 Further, we modified the 

version used by Fritz et al.17 based on updated evidence.20 For example, we used 

the broader operational definition directional preference instead of centralization21 

to classify patients in the subgroup direction-specific exercises. Because directional 

preference identifies a broader category of patients, this likely shifted more patients 

into a classification of direction-specific exercises compared to the study of Fritz et 

al.17 A further difference was the difference in comparison treatment. Although both 

studies compared classification-based treatment with clinical guidelines-based 

treatment, including the advice to remain active, Fritz et al. treated their patients with 

low-stress aerobic exercises and general muscle reconditioning whereas in our study 

patients received personalised, individually tailored sessions. 

Another RCT that provides support for the classification-based approach was 

that by Brennan et al.22 They included 123 patients with acute and sub-acute LBP 

and a mean ODI score of 43 at baseline. All patients were classified according to 

the classification algorithm and randomized to receive direction-specific exercises, 

manipulation or stabilization exercises, regardless of their subgroup. Outcomes were 

compared between patients who had received ‘matched treatment’ (according to the 

classification category) and ‘unmatched’ (non-classification) treatment. Brennan et 

al.22 found a statistically significant, but small, reduction in disability, favouring the 

matched treatment group after 4 and 52 weeks. However, as the study was designed 

to validate the subgrouping used (i.e. to examine the effectiveness of the classification-

based approach to target treatments compared to the use of the same treatments 

but not matched to patients) and not to validate the classification-based approach 

compared to another current approach, these results do not directly compare with the 

results of our RCT.23 
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What are the possible explanations as to why the classification-based approach 

was not more effective in comparison with usual physical therapy care?

An explanation for the lack of difference between classification-based treatment and 

usual physical therapy care in our RCT might be the high standard of usual care for LBP 

patients in the Netherlands. It might be that the contrast between the two treatment 

arms was smaller than anticipated. 

Another explanation might be that our participating physical therapists were not 

trained well enough to treat the patients according to the different classification-based 

protocols. The physical therapists in our study received six hours of instruction. This 

instruction was provided by the author of this thesis and by experts who focussed on 

the protocols for direction-specific exercises and stabilization exercises. Concerning 

direction-specific exercises, at the start of this study only a few of the participating 

physical therapists were familiar with the mechanical diagnosis and therapy (MDT) 

method and its related direction-specific exercises. Therefore most physical therapists 

had to familiarize themselves with these exercises in a short period of time. It has 

been suggested however, that the level of training and experience in the MDT method 

may be essential to maximize treatment outcomes.24 We tried to minimise the effect 

of this potential deficiency by providing our participating physical therapists with 

comprehensive direction-specific exercise protocols and support during the study from 

the author of this thesis (holder of MDT certificate) and a senior educator of the MDT 

Institute. Further, the initial classification procedure of 96% of the participating patients 

was performed by the author of this thesis with ample experience in the use of MDT 

methods. However, it cannot be ruled out that our education program and support 

may have been insufficient for optimal competence and may therefore have caused an 

under-estimation of the effectiveness of the classification-based treatment approach. 

A further possible explanation is that the broadening of the criteria for the classification 

direction-specific exercises (directional preference instead of centralization) reduced 

the effectiveness of classification-based treatment. This modification was primarily 

based on a study by Long et al,25 who found that direction-specific exercises 

matching patients’ directional preference significantly and rapidly decreased pain. 

However, recently, Werneke et al.26 found that while centralization was an important 

factor for predicting functional outcome when patients were treated with direction-

specific exercises, directional preference on its own was not. This is an interesting 

finding, which underlines the continuous improvement that is necessary in existing 

classification systems. It is impossible to say which of abovementioned explanations 

is most probable.
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Is the inter-rater reliability of the classification algorithm sufficient?

In our RCT, 34 patients (22%) were assessed by two research physical therapists. 

During the examination procedures, they discussed test results and additional testing 

and reached a very high agreement (kappa value 0.95, 95% confidence interval [CI] 0.85 

to 1) about the final classification decision. These findings are better than preliminary 

findings which suggest that the inter-rater reliability is not more than acceptable for 

physical therapists who are familiar with the classification system.27-29 In one of these 

studies, Stanton et al.29 examined the inter-rater reliability of classification-based 

treatment between two examiners blinded to each other findings in 32 patients with 

LBP and found kappa values of 0.52 (95% CI 0.27 to 0.77). Interestingly, the reliability 

was better when they considered only patients with a ‘clear classification’ (i.e. 

patients that could be classified using only the first part of the classification algorithm) 

compared to the patients with an ‘unclear classification’ (kappa values 0.69 and 0.23, 

respectively).

Apart from our inter-rater reliability results presented in our RCT, we also conducted a 

separate inter-rater reliability study in a Dutch primary care back & neck centre (data 

not yet published). Three physical therapists familiar with the classification system 

participated and assessed 36 patients with LBP. Each patient was assessed twice on 

the same day, once by the author of this thesis and once by one of two other physical 

therapists. Assessments were conducted independently and examiners were blind to 

the other’s classification decision. The inter-rater reliability was not more than fair with 

an agreement of 53% and a kappa value of 0.34 (95% CI 0.11 to 0.57). In contrast with 

the findings of Stanton et al,29 we did not find a difference in reliability for patients with 

a ‘clear classification’ and patients with an ‘unclear classification’. 

The inter-rater reliability found within a subset of the study population in our RCT was 

much higher compared to the results from our separate inter-rater reliability study. 

This can be partially explained by the differences in examination procedures i.e. 

examiners assessed patients together or independently. It is not surprising that the 

inter-rater reliability is higher when patients are assessed together, because examiners 

can influence each other’s opinion. Moreover, the rating is then based on the same 

patient examination, and therefore only concerns the reliability of the scoring system. 

However, patients may present differently in two separate examinations and testing 

procedures might differ between examiners. This variability has to be included in a 

study on the assessment of the reliability of a classification system. Therefore, to 

avoid overestimation of the inter-rater reliability of testing procedures, raters should 

assess the patients independently and blinded to each other findings. In general, more 
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knowledge is needed about the inter-rater reliability of the complete classification 

procedure.  

Was there a significant effect for global perceived effect in favour of classifica-

tion-based treatment after one year?

The improvement in global perceived effect scores in the classification-based group 

was not statistically significant (p = 0.14) in our effectiveness analysis (Chapter 6), but 

reached statistical significance (p = 0.02) in our cost-effectiveness analysis (Chapter 

7). This difference was caused by the different statistical analyses that were used. 

In the effectiveness study, we used longitudinal multilevel analysis with a four level 

structure. With this procedure we corrected for the fact that outcome measures that are 

repeatedly measured are correlated within patients and for the fact that the outcomes 

of patients can cluster (correlate) within therapists, and therapists can cluster under 

practices. It was not possible to use this sophisticated statistical analysis in the 

economic evaluation.

Therefore, in the economic evaluation, the hierarchy (e.g. clustering of patients 

within therapists) existing in our dataset was not taken into account. The longitudinal 

multilevel analysis is more appropriate for this type of data and provides more accurate 

information.

Recommendations for future research

•  Only a few studies have focused on the inter-rater reliability of the complete 

classification-based procedure. They also used small study samples and several 

different algorithms, which makes it difficult to compare and to interpret findings. 

Consequently, there is a need for further efforts to determine and perhaps to improve 

the inter-rater reliability of the complete classification-based procedure.

•  Ideally, a classification algorithm should be able to classify every patient into (only) 

one subgroup. In our RCT, using the first part of the algorithm 24% of all patients 

did not meet any of the subgroups and 16% met more than one subgroup. Our 

findings are consistent with those of Stanton et al.29 Therefore, the classification 

algorithm needs refinement and possibly extension to be able to classify other 

relevant subgroups. 

•  Available research supports the influence of key psychological factors (e.g. 

depression, catastrophizing) on treatment outcome, although there is a lack of 

evidence how this understanding should be utilized in clinical practice.30 These 

data tell us that more research is needed to explore whether incorporating key 
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psychological factors in a classification-based treatment approach leads to 

more positive outcomes.31 There is reason to believe however, that this might be 

more important for patients with chronic LBP with generally higher prevalence of 

psychological factors compared to patients with acute or sub-acute LBP.

Conclusion

This first independent broad validation study of Delitto’s classification-based treatment 

approach found that this approach did not generalize to patients with sub-acute 

and chronic LBP in the Dutch primary physical therapy setting. Only two RCTs have 

compared this classification-based treatment approach to usual physical therapy care 

and the results so far are inconclusive. Nevertheless, subgrouping has been identified 

as a consistent research priority.32 Therefore, further high-quality research exploring the 

effectiveness and cost-effectiveness of this classification and comparable approaches 

is required before firm conclusions can be drawn.
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