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EXECUTIVE SUMMARY 
 
INTRODUCTION 

Mechanical low-back pain (LBP) is the musculoskeletal disorder with the highest prevalence in 

adults (9.4%, 95% Confidence Interval [CI] 9.0 to 9.8). Consequently, it has a high economic and 

social burden. There are many different therapeutic interventions for mechanical LBP, but none of 

them is universally accepted. In order to determine which treatment is more effective according to 

available scientific evidence, we primarily had to critical appraise the quality of the study design 

of available evidence in this field. The best study design to assess the efficacy of an intervention 

is a randomized clinical trial (RCT). Anyway, critical evaluation of the reported efficacy depends 

on several dimensions of conduct and interpretation of trials. First of all, the accurate reporting of 

population and sample size, intervention and comparison, and outcomes. The description of these 

dimensions guarantees the validity and generalizability of the effectiveness of an intervention. 

Secondarily, we need to consider the parameter adopted to declare a treatment as having a 

beneficial effect. Usually findings in trials are interpreted in terms of statistical significance, 

anyway results can be translated in terms of clinical relevance. After a careful appraisal of the 

limits of study design in rehabilitation field and having expressed efficacy in clinically meaningful 

units, a meta-analysis (MA) of multiple interventions will allow to determine the best treatment 

among different options on the basis of evidence, and not only according to expert’s opinion. 

 

AIMS 

The aim of this dissertation was to evaluate mechanical LBP rehabilitation interventions based on 

RCTs. In particular, the quality of study design was evaluated trough systematic assessment of 

completeness in reporting of interventions, outcome and sample size dimensions (aim of Part I). 

Then, the reporting in terms of clinically meaningful effects was assessed in RCTs and in MA of 

RCTs, which are considered the gold standard to disseminate the synthesis of evidence (aim of 

Part II). Finally, in order to determine the most efficacious treatment for acute LBP, a network 

meta-analysis (NMA) comparing multiple interventions was performed. 

 

METHODS 

To assess reporting of different components of study design and assess the clinical relevance in 

RCTs, a systematic search for all RCTs included in Cochrane systematic reviews (SRs) on LBP 

published in The Cochrane Database of Systematic Reviews was performed. The description of 

sample size, interventions, outcomes, and clinical relevance of each RCT was evaluated, 

independently by two of the investigators, using dedicate extraction forms.  
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To assess the clinical relevance in MA, a Cochrane review focusing on multidisciplinary 

biopsychosocial rehabilitation (MBR) in short, medium and long terms was selected as a case-

study: we re-analysed the data using a MID (minimal important difference) units approach and 

discussed the implications of this approach compared to the traditional one. Results were expressed 

in MID units and gave a clinical meaningful interpretation.  

To estimate the best efficacious intervention, a NMA was implemented using random-effects 

models within a frequentist setting assuming equal heterogeneity across all comparisons and all 

ranking probabilities for each treatment outcome in acute LBP interventions as case study were 

estimated. 

 

RESULTS 

To appraise reporting quality, 185 eligible RCTs from all Cochrane SRs focused on LBP 

rehabilitation interventions were found. All items necessary for a full replication of the 

intervention were present only in 33 RCTs (17.8%). Thirty-six different outcomes were 

investigated across all RCTs. The 2 most commonly reported outcomes were pain (n= 165 RCTs; 

89.2%) and disability (n= 118 RCTs; 63.8%). Pain and disability outcomes were found replicable 

in only 10.3% (n= 17) and 10.2% (n= 12) of the RCTs, respectively. Of the 80 RCTs reporting 

sample size calculation, only thirteen (16.3%) gave an adequate description of the a priori sample 

size calculation, with all elements provided in compliance with the Consolidated Standards of 

Reporting Trials (CONSORT) guidelines. We then identified 42 RCTs (41,6%) having both a 

sample size calculation and a planned MID. Overall, we found that more than one-third of RCTs 

(37,5%, n=15) were both statistically and clinically significant whereas few (23,8 %, n=10) were 

statistically significant but not clinically relevant.  

For the clinical interpretation of MAs we used the MID units approach. Pooling standardized mean 

differences (SMDs), the 95%CI of the summary estimate did not include the zero in all three MAs, 

indicating a statistically significant effect in favour of MBR over usual care in terms of pain relief 

for LBP patients in short, medium and long terms. However, in terms of clinical relevance, MBR 

improved back pain in an appreciable number of patients only at short term (MID lower than but 

close to 1) whereas in longer time MBR showed little or no effect for the majority of patients (MID 

close to 0).  

For multiple comparisons, a NMA was performed on acute and subacute LBP discovering that the 

best efficacious treatments for pain at short term of follow-up (FU) are muscle relaxant drugs 

(34.5% probability to be the first treatment) and manual therapy (18.8% probability to be the first 

treatment). Inconsistency was not found in the network.  
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CONCLUSIONS 

Despite the remarkable amount of resources spent performing RCTs in the LBP rehabilitation 

field, the majority of RCTs failed to report sufficient information for sample size, interventions, 

outcomes and clinical relevance. Moreover, almost a quarter of trials are statistically significant 

but not clinically significant. Improving the quality of reporting and introducing interpretation of 

effects in terms of clinical relevance can increase validity and efficacy of research findings, 

promoting the knowledge translation (KT) of valid results into rehabilitation practices. Only in 

this light NMA can be used for clinical decision making, based on a strong evidence and a useful 

tool, for all stakeholders of LBP condition.   
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BACKGROUND AND RATIONALE 

 

Low back pain 
 
Non-specific LBP is a symptom, not a disease 1. Various spinal structures, including ligaments, 

facet joints, paravertebral musculature and fascia, intervertebral discs, and spinal nerve roots, have 

been implicated as pain generators 2. Nevertheless, 85% of patients with isolated back pain still do 

not have a definitive identified cause for their symptoms 3. The aetiologies can be subdivided into 

mechanical, systemic, and referred. By far, the most frequent cause is mechanical (97%) 2 with the 

most common form of “non-specific LBP” 4. This definition is used when the anatomo-physio-

pathological cause of the pain cannot be precisely determined 1, and it is based on the exclusion of 

patients with a specific cause (e.g., fracture, infection, cancer) 4. LBP is commonly defined as pain 

or discomfort localized in the area of the posterior aspect of the body, from the lower margin of 

the twelfth ribs to the lower gluteal folds, with or without pain referred into one or both lower 

limbs, that lasts for at least one day 5.  

Non-specific LBP may be classified by duration as acute (pain lasting less than 6 weeks), sub-

chronic (6 to 12 weeks), or chronic (more than 12 weeks) 6. Acute LBP is one of the most common 

reasons for adults to see a general practitioner 7,   experiencing moderate to severe pain, and being 

debilitated in motor and psychological functions 7.  

It is associated with high disability and costs for the society 8. Out of the 291 pathological 

conditions studied, LBP ranked highest in terms of disability, and sixth in terms of overall burden 

expressed as disability adjusted life-year (DALYs). The worldwide point prevalence of LBP in 

2010was 9.4% (95%CI, 9.0-9.8). DALYs increased from 58.2 million (95% CI, 39.9-78.1 million) 

in 1990 to 83.0 (95%CI, 56.6-111.9 million) in 2010. Prevalence and burden increase with age 5. 

Despite its widespread prevalence, acute LBP is considered to be typically self-limiting, with a 

recovery rate of 90% within 6 weeks of the initial episode 9, whereas 2% to 7% of patients develop 

chronic LBP 4. However, its chronicity is associated with considerable disability and costs for the 
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society 8. In fact, chronic evolution of LBP is often considered as a biopsychosocial problem, as it 

is characterised by a combination of physical, psychological and social dysfunctions 10. Those 

manifestations are typically patient reported and have a subjective nature.   

Gaps in LBP interventions 
 
In order to determine which is the best intervention for mechanical and aspecific LBP, a corrected 

methodology has to be established in order to assess the effectiveness of interventions for this 

condition. In fact there are several limitations in many studies evaluating LBP interventions 

(pharmacological as well as rehabilitation treatments). In rehabilitation field, most of studies are 

empiric or are based on clinical observation with a trivial sample size. On the contrary, evaluation 

of therapeutic interventions should be based on well-designed, adequately powered, and properly 

conducted RCTs, which are the most reliable design study used to develop useable forms of 

evidence in KT. They can also be the basis to inform end users about the evidence and promote 

change in practice 11. Clinical trials seek to evaluate whether an intervention is more effective than 

a comparator 12. However the measured effectiveness of an intervention depends on several 

dimensions, which need to be carefully considered by researchers when planning or interpreting 

the design of a trial: patients and sample size, definition of intervention and comparison, outcome 

definition and measurement. Proper specification of these dimensions guarantee the validity and 

generalizability of an intervention. If authors do not provide sufficient details concerning the 

conduct of their study, readers cannot judge the validity and generalizability of the results 13.  As 

a consequence,  invalid study results may be used by health care professionals, causing harm to 

patients and shifting resources on ineffective treatments 14. Moreover, incomplete reporting of the 

applied methodology limits the reproducibility of the study results in clinical practice and prevents 

effective dissemination of a new efficacious procedure 14.   

Secondarily, effects of rehabilitation interventions are substantially smaller than those of other 

interventions, such as surgical or pharmacological ones, that reduce substantially pain and/or 
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disability. Small effects are more difficult to detect and require larger sample sizes for clinical 

studies, making them more difficult to carry out 15. Once a study is well conducted and adequately 

reported, the interpretation of the effectiveness of an intervention depends on the cut-off adopted 

to consider a treatment successful or not. It is important to consider not only the statistical 

significance but also the clinical relevance, defined as a clinically important and meaningful 

change. In fact, an observed statistically significant difference between two interventions does not 

necessarily imply that this difference is clinically important 16 or that changes were clinically 

relevant for patients 17. This assumes a huge importance in rehabilitation, because outcomes are 

measured by self-reported scale or questionnaires rather than being assessed by the researcher. 

Patient reported outcomes (PROs) include pain, disability, health-related quality of life (HRQL), 

presence and intensity of symptoms, and satisfaction ratings. 

Finally, the increase in alternative medical treatment options has led to the need for comparative 

effectiveness research 18. Trials comparing many treatment options are usually not feasible, so 

other methodological approaches are needed. A MA of studies included in a SR is a useful 

statistical tool that provides a summary estimate of treatment effect combining data from many 

studies. However, a key limitation of pairwise (standard) MAs is that they can compare only 2 

interventions at a time. When several treatment options are available, a series of individual MAs 

provides only partial information, because it can tell us only which of two treatment is more 

effective. This does not support optimal clinical decision making 19. The NMA, also called 

multiple treatments meta-analysis or mixed-treatment comparison, has been developed to assess 

the relative effectiveness of several interventions 20. The method is based on the simultaneous 

analysis of direct evidence (which comes from studies directly randomizing treatments of interest) 

and indirect evidence (which comes from studies comparing treatments of interest with a common 

comparator) 21.  
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Organization of the project 
 
The PhD research project and the thesis were organized around the following three main 

objectives: 

In Part 1, the reporting of all essential elements of a RCT evaluating rehabilitation intervention of 

mechanical LBP was investigated, in terms of sample size, information necessary for the 

replication of an intervention and assessment of the outcome.  

In Part 2, the clinical relevance of the effects found in RCTs and MAs evaluating rehabilitation 

intervention for LBP was assessed. 

In Part 3 a NMA of intervention for acute and subacute mechanical LBP was performed. 

A general discussion and conclusion follows in the last section. 
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PART 1. Evaluating study design through reporting 

 

1. Introduction 

Improving quality of research through reporting guidelines 

 
Scientific publications represent the most important output of research and they are the best 

channel of communication among researchers. The quality and relevance of biomedical studies 

can be judged almost only on the basis of what is reported in the publication 14. In fact, we can 

verify how a study was planned only when the protocol is registered before the study begins, and 

it is almost impossible to verify how a study was conducted in practice. However, there is evidence 

that inadequate reporting is associated with poorly conducted research 14. Consequently, 

evaluation of reporting can be considered a proxy for evaluation of research quality. 

Lack of complete and adequate reporting has many drawbacks. First, if authors do not provide 

sufficient details concerning the conduct of their study, readers cannot judge the validity and 

generalizability of the results 13.  As a consequence,  invalid study results may be used by patients 

and health care providers: patients may be harmed and resources shifted to ineffective treatments 

14. Secondly, incomplete reporting of methodology limits the reproducibility of the study in clinical 

practice and prevents effective dissemination of a new efficacious procedure 14.  

There is evidence that several published medical research are poorly reported 22. This is pervasive 

to almost every area of health research 13 and rehabilitation is not an exception 23.  

Initiatives to promote reporting guidelines, such as the Enhancing the QUAlity and Transparency 

Of health Research (EQUATOR), aimed at improving the clarity and transparency of reporting in 

health research. To reach this goal, they developed resources and training for robust reporting 

guidelines 13.   

The first attempt was the CONSORT Statement,  aimed at improving the reporting of RCTs 24. 

Since its development in 1996, several other guidelines have been proposed for other types of 

research studies. Examples include QUOROM (Quality of Reporting of Meta-analyses) for MAs 
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of RCTs 25, recently replaced by PRISMA (Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses) 26, STARD (Standards for Reporting of Diagnostic Accuracy Studies) 27, and  

STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) 28. 

 
The most reliable study design to test the efficacy of an healthcare intervention is a well-designed 

and properly executed RCT. This is true to the point that Rennie affirmed that “The whole of 

medicine depends on the transparent reporting of clinical trials” 29. The RCT is a form of KT used 

to increase awareness of a problem, develop useable/ actionable forms of evidence, inform end 

users about the evidence, and promote change in practice 11. However, trials presenting an 

inadequate reporting of their methodology are associated with biases and overestimation of the 

treatment effect 30. The critical appraisal of the quality of an RCT is possible only if its design, 

conduct, and analysis are thoroughly and accurately described in the report. DerSimonian and 

colleagues suggested that “editors could greatly improve the reporting of clinical trials by 

providing authors with a list of items that they expected to be strictly reported” 31.  

In the 1990s, two groups of journal editors, trialists, and methodologists independently published 

recommendations on the reporting of RCTs 32,33. Subsequently, the two groups developed a 

common set of recommendations 34 resulting in the CONSORT statement, firstly published in 

1996 35. The CONSORT included 21 checklist items pertaining to the rationale, design, analysis, 

and interpretation of a trial, and a flow diagram outlining the progress of participants involved. 

The aim was to standardize the reporting of RCTs, improving completeness and transparency, and 

aiding the critical appraisal and interpretation of trials results. 

In 2001, the CONSORT checklist was updated to 22 items to increase the ability to judge the 

validity or relevance of trial findings 24. The second revision of the CONSORT Statement 

(CONSORT 2010) was published in March 2010 36 with an updated checklist of 25-items 37.  

To date, over 600 journals have endorsed the CONSORT Statement and many of them suggest or 

require the adoption of the CONSORT checklist and flow-chart for the publication of a clinical 

trial 38. 
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Finally, extensions of the CONSORT Statement, have been developed in order to have additional 

guidance when dealing with specific designs (e.g., Non-Inferiority and Equivalence Trials), data 

(i.e., Harms) and interventions (i.e., Non-Pharmacological Therapies [NPT]). In fact, clinical trials 

evaluate the effectiveness of an intervention 12, but this effectiveness depends on the included 

population, the characteristics of the intervention,  the performed comparison, and the chosen 

outcome measure. All these dimensions need to be carefully defined in planning and interpreting 

a clinical trial.  

These are the reasons why the focus of part I of the dissertation was the evaluation of how sample 

size calculation (Chapter 2), interventions (Chapter 3) and outcomes assessment (Chapter 4) are 

reported in RCTs on interventions for LBP.  

The reporting of the sample size calculation 

 
Sample size is related to statistical power, which is the complement to one of type II error 39,40: it 

represents the likelihood of failure to reject the null hypothesis when, in fact, it should be rejected. 

The investigator’s aim is to control for this type of error by defining an adequate sample size. 

Sample size calculation is essential in study design because a low-powered study may fail to yield 

significant results when the treatment as a relevant clinical effect. It needs to be described in any 

published report, so that readers can judge if the assumptions made in the sample size calculation 

were realistic. Although the number of published RCTs in rehabilitation has been increasing 41, 

the majority of those studies have a sample sizes that is too small to reject the null hypothesis when 

it is false with a high enough probability 42. 

In order to ensure quality in trial conduction, the Consolidated Standards of Reporting Trials 

(CONSORT) 2010 statement recommends that authors provide a clear description of sample size 

calculation methods and assumptions. At a minimum they have to report: the expected difference 

in outcomes between groups (minimum important treatment effect or effect size [ES]), the level 

of significance (type I error), the statistical power (1- type II error), and the estimated outcome 
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variability 43-45. In addition, the CONSORT guidelines also recommend reporting the primary 

outcome on which important differences between two groups are determined. Authors should 

therefore decide and state a priori the fixed values for parameter assumptions.  

The reporting of description intervention  

 
In primary care and general medicine, a study including 80 RCTs and SRs selected by the journal 

“Evidence-Based Medicine” for their relevance and newsworthiness, showed that 51% of the 

articles had an incomplete description of the treatment and information was better reported for 

pharmacological treatments than for NPT 46. NPTs include surgery, technical procedures, devices, 

psychotherapy, behavioural interventions, complementary, alternative medicine and rehabilitation. 

For NPTs a detailed description of the intervention is essential, more than for pharmacologic 

therapies, to allow its replication in the practice. Another study based on 51 RCTs found that 57% 

of the interventions published in the British Medical Journal, a general medical journal, could not 

be replicated based on the description of the treatment as published 47. Pharmaceutical studies were 

better described than those on non-drug treatments, with 33% (7/21) of drug trials and 73% (22/30) 

of non-drug trials deemed not replicable. Like others NPTs, rehabilitation interventions are often 

not adequately reported 48.Trials for NPTs usually test complex interventions involving several 

components 49 that are difficult to standardize, reproduce, and administer consistently to all 

patients. All of these variations could impact on the treatment effect. In addition, care providers’ 

expertise, patient confidence with care provider, and volume of the centres can also influence the 

estimate of the treatment effect for NPTs to a greater extent than for drugs  50.  

In order to answer to specific issues in the assessment of NPTs, the extension for the CONSORT 

Statement for “Non-Pharmacological Therapies” was introduced in 2008 48: the CONSORT flow 

diagram was modified to include data on the number of care providers, centers in each group and 

the number of patients treated by each care provider. However, a comprehensive checklist for the 

description of all aspect of the intervention was presented only in 2012 47 and recently more 
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detailed reporting guidelines have been introduced by the TIDieR (Template for Intervention 

Description and Replication) Checklist 51.  

The reporting of the outcome assessment  

 
The chosen type of primary outcome measure influences both the size of the clinically important 

difference attributable to the intervention and the definition of “successful intervention” in a RCT 

52. Success is not only the demonstration of the statistically significant difference in terms of the 

main outcome between treated and not treated but also the evaluation of its clinical importance. 

Furthermore, the chosen outcome will influence the required sample size of the trial 53 and the 

extension of the FU needed to cumulate a sufficient number of events. Finally the choice of the 

outcome has been related to a peculiar type of bias: the selective outcome reporting bias, i.e. the 

outcome measure that results to be statistically significant is the one reported. In other words, in 

the presence of selective outcome reporting bias, published results are prone to the ‘statistically 

significant’ cliché: new statistically significant outcomes not included in the design are introduced 

at the time of publication; statistically significant secondary outcomes are upgraded to primary; 

and non-significant primary outcomes are possibly omitted from reports 54. Consequently, the 

selection of an inappropriate outcome measure can distort the results 52. The best designed and 

most rigorously executed trials cannot make up for a poorly chosen outcome measure 52.  

A variety of outcome measures have been used in studies of rehabilitation interventions for LBP 

management 55. Even when studies are concordant in demonstrating benefit for a given treatment, 

the use of different outcome measures has made challenging to capture the magnitude of the 

treatment effects across various studies 56, preventing patients and clinicians to choose the most 

effective therapeutic option.  

In rehabilitation, as well as for others NPT, outcomes are often measured by self-reported scale or 

questionnaires rather than being observer reported. PROs are mainly continuous variables and 

include pain, disability, HRQL, presence and intensity of symptoms, and satisfaction ratings. 
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PRO data from RCTs are increasingly used to inform patient-centred care, clinical decision 

making, and health policy 57. However, there is lacks of guidance on how to report PROs, which 

are often inadequately described in trials, thus limiting the value of these studies. In order to avoid 

outcome reporting bias, a better reporting of PRO is needed. An evidence-based extension of the 

CONSORT statement for PRO in RCTs was developed, the CONSORT PRO 57. It recommends 

the identification of primary and secondary outcomes in the abstract, and the description of the 

scientific rationale of a specific patient reported outcome and its relevant domains (ie, if a 

multidimensional PRO tool has been used). It also prescribe to validate or to cite a previous work 

demonstrating the validity and reliability of the PRO instrument, to explicit the statistical 

approaches for missing data, and to discuss the specific limitations, generalizability and use in 

clinical practice of the selected PRO. 

Open questions and aims in LBP rehabilitation interventions 

 
Patients and sample size, intervention and comparison, outcomes are important dimensions that 

guarantee the validity and generalizability of an intervention. In fact, incomplete  reporting of 

methodology limits the reproducibility of the study in clinical practice and prevents effective 

dissemination of a new efficacious procedure 14.  For our knowledge nobody has investigate yet 

the reporting of sample size, interventions, outcome in the rehabilitation field. 
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2.  Improving Power and Sample Size calculation in Rehabilitation Trial 
Reports 

 
Published as: Improving Power and Sample Size Calculation in Rehabilitation Trial Reports: A 

Methodological Assessment. Castellini G, Gianola S, Bonovas S, Moja L. 

Arch Phys Med Rehabil. 2016 Jul;97(7):1195-201. 

 
 
 
The purpose was to systematically assess the quality of reporting of power and sample size 

calculation in RCTs comparing mechanical LBP rehabilitation interventions and included in 

Cochrane SRs. 

 

Methods  

 

Search strategy, eligibility criteria and study selection  

We searched all Cochrane SRs published up to December 2013 in the Cochrane database, using 

the terms ‘back pain’ and ‘rehabilitation’ in adult treatments. We focused on Cochrane SRs 

because they represent a gold standard for identifying all relevant RCTs in a field 57,58 through 

highly sensitive search strategies.  

A Cochrane SR was included if mechanical LBP was the target disease and rehabilitation was the 

intervention. Rehabilitation included all forms of therapeutic interventions defined by the National 

Library of Medicine as the “restoration of human functions to the maximum degree possible in a 

person or persons suffering from disease or injury” 59 delivered by health professionals of 

rehabilitation. SRs focusing on interventions other than therapeutic rehabilitation (e.g., prevention) 

or based on population subgroups (e.g., pregnancy) were excluded.  

From eligible SRs, we extracted all RCTs published in English, Italian, Spanish, or French. Three 

authors independently screened the SRs (title and abstract) for eligibility and subsequently 

reviewed all identified RCTs. Disagreements were resolved by negotiation among the authors. 
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Data Extraction  

The following general characteristics were collected from the included RCTs: year of publication, 

number of authors, first author’s geographic region (Europe, North and South America, Asia and 

Australia) and journal that published the study, and funding source. A detailed extraction form 

derived from the CONSORT checklist was developed to extract data on sample size calculation. 

The checklist was upload on Distiller SR 60, a web-based database for data management.  

It was assessed whether the RCT report included a power analysis in the Methods section and, if 

so, whether the description of the sample size calculation was CONSORT-compliant. Following 

the CONSORT checklist 44, the description for reporting of six sample size calculation components 

was assessed: (1) type I error (alpha), (2) type II error (beta) or power (1- beta), (3) assumption of 

expected treatment effect of the intervention (i.e., the difference between group means as ES or 

MID and relative risk), (4) the assumed variability expressed as a standard deviation (SD) or a 

variance or an interclass correlation coefficient., (5) the outcome on which sample size calculation 

was based, and (6) whether there was a correction to allow for losses to FU. In addition, the sample 

size planned and the actual sample size randomized (N) according to the CONSORT flow diagram 

were extracted. If there was no statement or CONSORT flow diagram reporting the number of 

patients randomized, the data was extracted from implicit information (i.e., “enrolled” or 

“included”). When articles reported the sample size calculation, a discrepancy between the planned 

sample size and the number of participants randomized was examined. Moreover, funding status 

of each RCT was extracted in order to study the influence of this on sample size reporting. Data 

extraction was independently performed by two reviewers.  

 

Statistical Methods  

Descriptive statistics are presented as medians and I and III quartiles of IQR (Inter Quartile Range), 

or percentages as appropriate. The non-parametric matched-pairs Wilcoxon signed-rank test was 

used to compare the planned versus the actual sample sizes; univariable logistic regression was 
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employed to examine the association of sample size calculation reporting with funding status, and 

the trend for improvement in reporting over time. For hypothesis testing, a probability level lower 

than 0.05 was considered to be statistically significant. All statistical tests were two-sided. Stata 

software was used for all statistical analyses Stata-IC 61. 

Results and limitations 

 

Study selection 

Fourteen relevant Cochrane SRs in the Cochrane Library were identified 62-75. Sixty out of 301 

RCTs included in these 14 SRs were excluded because they were duplicates or multiple 

publications of the same RCT, 7 were excluded as their full text could not be retrieved, and 12 

were excluded because they did not satisfy the language criterion. A final total of 222 RCTs was 

included in our review, Appendix 1. 

 

General characteristics  

The 222 eligible RCT reports were published in 78 journals. Most were published in Spine (22.5%, 

n=50), followed by Journal of Manipulative and Physiological Therapeutics (4.5%, n=10) Pain, 

British Medical Journal, and Archives of Physical Medicine and Rehabilitation (4.1%, n=9), and 

Clinical Journal of Pain (3.6%, n=8).  

Some 32 countries were indicated as the country of publication, with the three top countries being 

the United States (18.9%, n=42), the United Kingdom (13.1%, n=29) and the Netherlands (9.9%, 

n=22); most studies were published (60%, n=132) by European researchers. The period of RCTs 

publication was from 1968 to 2013. The characteristics of the RCTs are reported in Table 1.   
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Table 1. General characteristics of RCTs for the reporting of sample size calculation in 

rehabilitation interventions for mechanical LBP. 

 Frequency (No.) (%) 

No. of countries  32   

USA 42 18.9 

UK 29 13.1 

The Netherlands  22 9.9 

Norway 15 6.8 

Sweden 14 6.3 

Finland 12 5.4 

Australia 10 4.5 

Canada  10 4.5 

Turkey 10 4.5 

No. of journals  78   

Most frequent journals     

Spine 50 22.5 

Journal of Manipulative and Physiological 

Therapeutics 

10 4.5 

Pain; British Medical Journal; Archives of 

Physical Medicine and Rehabilitation 

9 4.1 

Clinical Journal of Pain 8 3.6 

No funding reported, no. (%) 97 43.7 

 median IQR 

No. of authors, median (IQR)  5 1-12 

Year of publication of trial report, median 

(IQR) 

2000 1968-2013 

 

 

Sample size calculation 

Reporting  

Only 80 (36%) of the 222 RCTs reported a sample size calculation. We found a significant positive 

trend for improvement over time (p<0.001). Beginning in 2005, the majority of trials reported a 

sample size estimation, figure 1. Furthermore, we found that trials that reported a funding source 

were four times more likely to report sample size calculation than trials that reported not having 

received support (odds ratio [OR] 3.91, 95%CI 2.12–7.22; p<0.001).  
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Figure 1. Reporting of sample size over time in rehabilitation interventions of LBP. 

 

Complete description of sample size calculation 

Thirteen (16%) of the 80 RCTs reporting sample size calculation gave an adequate description of 

the a priori sample size calculation, with all six elements provided in compliance with CONSORT 

guidelines. Half of the RCTs reported at least four out of six elements as reported in figure 2.  

 

 

Figure 2. Completeness of reporting items for sample size calculation in rehabilitation 

interventions for mechanical LBP. 
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Of the six CONSORT components required for sample size calculation, the three most frequently 

reported were the power (91.25%, n=73), followed by the assumption concerning the expected 

treatment effect of the intervention (86.25%, n=69), and the alpha error or type I error (85%, n=68). 

Correction for losses to FU was the least frequently reported element (32.5%, n=26), see figure 3. 

  

 

Figure 3. Number of trials reporting of required elements for sample size calculation in 

rehabilitation interventions for mechanical LBP. 

 

 

Characteristics of each element reported 

Each element could be expressed in a different way; common expressions for elements are 

presented in Table 2. Power was usually defined as 1 – β (82.5%, n=66). The MID was the assumed 

value for the detection of treatment effect most often reported in the 80 trials (46.25%, n=37). 

Concerning the outcome on which the calculation was based, all RCTs evaluated continuous 

outcomes: disability was the one most often reported (42.5%, n=34), followed by pain (22.5%, 

n=18).  
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Table 2. Commonly reported elements of the sample size calculation in rehabilitation 

interventions for mechanical LBP. 

Sample size calculation elements No. (%) 

Level of significance  

Alpha (type I error) 68 (85) 

Power  

Beta (type II error) 10 (12.5) 

Power (1 – Beta)  66 (82.5) 

Total 73 (91.25) 

Assumption for treatment effect   

MID 37 (46.25) 

ES 9 (11.25) 

Other (i.e., reduction in %) 24 (30) 

Total 69 (86.25) 

Assumption for variability  

SD 28 (35) 

Other (i.e., variance) 7 (8.75) 

Total 35 (43.75) 

Correction for losses to FU 26 (32.5) 

Outcome considered for sample calculation   

Disability 34 (42.5) 

Pain 18 (22.5) 

Other (i.e., recovery rate, work days) 19 (23.75 

Total  63 (78.75) 

 
 

Discrepancy between planned and randomized sample size 

Planned sample size was reported in 74 RCTs (33.3%); in the remaining six RCTs the sample size 

calculation was reported but not the size of the sample. The median number of participants needed 

to prove sufficient power was 120 (range: 17–2000), whereas the median of the actual number of 

participants randomized among these 74 RCTs was 133 (IQR 15–741).  The actual number of 

participants was lower than the number of those planned in 19 RCTs (25.67%), equal in 13 

(17.56%), and higher in 49 (66.21%).  
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Limitations 

This study focused only on the reporting of sample size calculation and its components as 

described in the Methods section of RCTs. It would have been interesting to compare the final 

publication with the published protocol in order to explore whether the absence of some elements 

was limited to the research article or were included in the research protocol. This was not possible 

because our sample comprised a wide range of RCTs published from 1968 to 2013.   
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3. Completeness of outcomes description in low-back pain rehabilitation 
interventions 
 

Published as: Completeness of Outcomes Description Reported in Low Back Pain Rehabilitation 

Interventions: A Survey of 185 Randomized Trials. 

Gianola S, Frigerio P, Agostini M, Bolotta R, Castellini G, Corbetta D, Gasparini M, Gozzer P, Guariento 

E, Li LC, Pecoraro V, Sirtori V, Turolla A, Andreano A, Moja L. 

Physiother Can. 2016; 68 (3):267-274. 

  
 

The aim was to evaluate the completeness of reporting of outcomes that are most commonly used 

in RCTs examining interventions for LBP. To pursue this goal, we first determined the type and 

frequency of outcomes used. The completeness of the reporting of the four most commonly used 

outcomes was then determined and examined for a relationship with the year of publication of the 

trial: we hypothesized that outcomes would be reported more thoroughly in recently published 

trials supported by various initiatives promoting reporting, such as the CONSORT PRO and 

SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) 76,57,48. Finally, we 

examined the completeness of description of the blinding of the outcome assessment. 

 

Methods 

 
Registered protocol 

The study protocol was registered in the COMET database 77 in agreement with the COMET (Core 

Outcome Measures in Effectiveness Trials) Initiative 78. 

 

Search strategy, eligibility criteria and study selection 

Search strategy and study selection process are identical to those previously described in chapter 

2 (page 26). However, this search strategy was run up to May 2013.  
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Data collection and Definitions 

An outcome extraction form was designed, which was refined after the first 60 trials based on the 

problems identified. DistillerSR, a web-based password-protected database for data extraction 60 

was used. Six pairs of independent researchers trained in SR methodology extracted study 

characteristics such as: information concerning the study population, intervention, control, sample 

size, number of reported outcomes and their assessment, and funding from the included RCT full-

texts. Whether or not each RCT distinguished between primary and secondary outcomes was also 

recorded.   

The primary outcome was defined as adequately reported when only one outcome, even if 

composite, was indicated as primary in the methods section or had been used in the sample size 

calculation. If the primary outcome was not clearly indicated (i.e. more than one outcome defined 

as primary, no indication that the outcome was used to calculate sample size in the presence of 

multiple outcomes), it was considered as not adequately planned. 

After determining the four most frequently reported outcomes, the completeness of their reporting 

was assessed with an 8-item-checklist developed for this project; the items are represented in figure 

4. The items were selected from established opinion of what aspects of the methodology should 

be reported 57,79,52,80-82. The methods and results section of each trial were reviewed for judge if 

each of the eight items was reported or not reported. An outcome was considered to be fully 

reported if all of the items were presented. Changes in the completeness of reporting for each 

outcome over time were analysed. Finally, since blinding is one of the most important procedures 

to protect against bias in an RCT 83, its reporting was investigated. The frequency of blinding used 

across all included RCTs was determined. A trial was considered as blinded, unblinded, or unclear 

based on the information provided in the article 83.  When blinding was reported, the level was 

extracted: participants, trials investigators, assessors and data analysis. 
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Figure 4. Eight aspects of outcome assessment necessary for its replication have been selected 

and used to evaluate the level of completeness of its reporting.  

Items to be reported can be permutated from one level to the other. 

Legend: 

1- What: e.g., pain; 

2- With what: e.g., VAS (Visual Analogue Scale) and 5 points scale are measurement instruments of the 

same outcome, the pain; 

3- How: e.g., VAS was considered from 0 to 100; 

4- Evidence of instrument: e.g., VAS (Boonstra AM et al., Int J Rehabil Res. 2008);  

5- When: e.g., VAS was administrated before intervention and at 10 week of training exercise; 

6- Who: e.g., Physical therapist conducted the outcomes assessment; 

7-Which methods: e.g., paper, telephone, electronic, other; 

8- Who How (bias): e.g., blinding of outcome assessment.  
 

 

Statistical Analysis 

Completeness of reporting for the four most frequent outcomes was described, for every item in 

the checklist, by the proportion of RCTs adequately reporting the item. For every outcome, 

univariate logistic regression models were used to investigate the impact on each item (dependent 

binary variable) of publication year (continuous independent variable). The proper functional form 

of year was modelled using polynomial terms. For items with a significant quadratic term – 

representing a decreasing and then increasing proportion of adequately reported RCTs with 
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publication year –the linear effect of publication year for the most recent time period was 

estimated,  fitting a new model, including just the linear term, only on the studies published after 

the curvature point. Results of the logistic regressions are presented graphically and as 10-year OR 

(i.e. relative increase or decrease of the probability that a study will report the item for any 10-year 

increment of publication year), and their corresponding 95%CIs. All tests were performed 2-sided 

with a significance level of 0.05. All analyses were performed with R software 84.  

 

Results and limitations 

 

 

Studies selection 

 

After screening, from 11 Cochrane SRs 85,86,64,87-92,62,93 220 RCTs were included. Excluding 

duplicates, not retrieved and non-English or French or Spanish articles, 185 RCTs constituted the 

study sample. The flow chart of study selection is present in Appendix 1.  

 
How many outcomes and measurements are present in the published RCTs? 

Overall thirty-six outcomes were reported more than one time but more than other 100 outcomes 

were reported only once time by the trialists. The outcomes most commonly reported were pain 

(89.2%), disability (63.8%), range of motion (38.9%), and quality of life (24.3%)  (Table 3) 

measured respectively by 70, 43, 41 and 19 different measurement instruments.  Disability and 

quality of life were assessed through self -reported measures, range of motion always by clinical 

assessment and pain with both type of measurements (e.g., the pressure pain thresholds were 

measured with a commercial device and the pain index was measured by a self-reported scale). 

 

Did the authors specify primary and secondary outcomes? 

Forty out of 185 RCTs (21.6%) distinguished between the primary and secondary outcomes in the 

methods section. Thirty-one (77%) of these 40 trials adequately identified the primary outcome. 

Table 3 provides additional information on the characteristics of each outcome. The adequate 
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reporting of the primary outcome appeared to have improved over time: from 0% (before 1994 no 

study reported the primary outcome) to 9% (3/35) between 1995-1999, 27% (11/41) between 

2000-2004, and 45% (17/38) between 2005-2010. 

 

Table 3. Characteristics of the most reported outcomes in rehabilitation interventions for 

mechanical LBP. 

 

 Most reported outcomes 

 Pain Disability Range of motion Quality of life 

Number of studies  

(%) 

164  

(88.6) 

119  

(61.6) 

70 

 (37.8) 

45  

(24.3) 

 

Number of studies 

citing it as primary 

outcome * 

13 19 0 1 

 

 

 

Number of instruments 70 43 41 19 

 

Number of self-

reported instruments   

62 43 0 19 

*among 40 studies that identified the primary outcome, we considered only the 31 trials reporting 

only one outcome as the “primary outcome” in the methods and/or using it for sample size 

calculation, including the 9 trials using combined outcomes and 7 trials were the primary outcome 

was not within the four most reported outcomes.  

 

Completeness of outcome reporting 

Which aspects of outcome description were most reported?  

The completeness of reporting was evaluated for the 4 most frequently used outcomes: pain, 

disability, range of motion and quality of life. The most often adequately described item for “pain”, 

“disability” and “quality of life” outcomes was the instrument to measure the outcome; for the 

“range of motion” it was the reporting of the timeline and FU measurement. The most often poorly 

described item for “pain”, “disability” and “range of motion” was the absence of reporting related 

to the methods used for the data collection; for the “quality of life” it was the reporting on the 

methods used during the process to protect against bias (who how-bias). For the most 4 frequent 

outcomes, Figure 5 presents for each item included in the checklist the proportion of RCTs 

satisfactory reporting it.  
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Figure 5. Outcome reporting of all items for the four most reported outcomes in rehabilitation 

interventions for mechanical LBP. 

 

How many trials have a complete reporting of outcome assessment?  

For the 4 most frequent outcomes, only few trials satisfactory reported all items: 10.3% for pain 

(17/165), 10.2% for disability (12/118), 5.5% for range of motion (4/72), and 3.7% for quality of 

life (3/45). The large majority of the RCTs insufficiently described the four most frequent 

outcomes to allow their assessment under the same conditions in future trials. 

 

Did outcomes reporting improve over time? 

For the “pain” outcome, only four items -instrument, proprieties, reliability and data collection- 

had an improvement in outcome reporting that was statistically significant over time, 

approximately doubling from one decade to the following. Figure 6 presents the relationship 

between item reporting and calendar year, and the OR of each item being reported vs. not reported 

for a 10 unit increase of calendar year.  

Similarly, for the “disability” outcome, only four items -instrument, reliability, data collection 

and method - had a statistically significant improvement in outcome reporting over time. For the 

“range of motion” outcome, only the instrument item was statistically significant, and for “quality 
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of life” no item improved over the time. Graphs illustrating trends over time for disability, range 

of motion and quality of life are available in Figures 7-8-9. 

 

Figure 6. For each of the eight items of the outcome assessment checklist, the graph shows the 

proportion of RCTs adequately reporting it over the time for the outcome “pain”.  

The 10-years OR from the univariate model is also reported. 

 

Note 

* The coefficient of the quadratic term for year was statistically significant. Regression has been 

then split into before and after 1980. The reported OR refers to the period ≥ 1980. 
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Figure 7. For each of the eight items of the outcome assessment checklist, the graph shows the 

proportion of RCTs adequately reporting it over time for the outcome “disability”.  

The 10-years OR from the univariate model is also reported. 
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Figure 8. For each of the eight items of the outcome assessment checklist, the graph shows the 

proportion of RCTs adequately reporting it over time for the outcome “range of motion”.  

The 10-years OR from the univariate model is also reported. 

 

Note 

* The coefficient of the quadratic term for year was statistically significant. Regression has been 

then split into before and after 1980. The reported OR refers to the period ≥ 1980. 
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Figure 9. For each of the eight items of the outcome assessment checklist, the graph shows the 

proportion of RCTs adequately reporting it over time for the outcome “quality of life”.  
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How many trials reported the use of blinding for outcome assessment?  

Table 4 details the reporting of the use and level of blinding for outcome assessment. For the 

four outcomes (pain, disability, range of motion, and quality of life) the use of blinded 

assessment was: adequately reported in more or less an half of RCTs and unclearly reported in 

a percentage ranging from 33% (range of motion) to 44% (disability) of trials. The percentage 

of trials explicitly reporting no blinding varied between 7% for the “range of motion” outcome 

and 16% for the “quality of life” outcome. For the four outcomes (pain, disability, range of 

motion, quality of life) the blinding was more frequently employed for the outcome assessor 

(84.1%, 75.5%, 86.0%,72.7%), followed by participants ( 29.3%, 28.3%, 25.6%, 27.3%), trial 

investigator (24.4%, 26.4%,25.6%,18.2%) and data analyst (11.0%,13.2%,9.3%,18.2%).  

 

Table 4. Reporting of the use and level of blinding for the most reported outcomes. 
 

 Most reported outcomes  
Pain 

n° of RCTs 

(% ) 

Disability 

n° of 

RCTs (%) 

Range of 

motion 

n° of 

RCTs (%) 

Quality of 

life 

n° of  

RCTs (%) 

n° of RCTs assessing outcome*         165 

(89.2) 

      118 

(63.8) 

72 (38.9) 45 (24.3) 

Unclear Blinding  69 (41.8) 52 (44.1) 24 (33.3) 16 (35.6) 

No Blinding  14 (  8.5) 13 (11.0)   5 (  6.9)   7 (15.6) 

Blinding 82 (49.7) 53 (44.9) 43 (59.7) 22 (48.9) 

Type of blinding n° of RCTs (%)**  

Participants 24 (29.3) 15 (28.3) 11 (25.6)   6 (27.3) 

Trials investigators 20 (24.4) 14 (26.4) 11 (25.6)   4 (18.2) 

Outcome assessors 69 (84.1) 40 (75.5) 37 (86.0) 16 (72.7) 

Data analyst   9 (11.0)   7 (13.2)   4  ( 9.3)   4 (18.2) 

 

*the percentage refers to the total number of RCTs investigating the single outcome (n=185)  

** the percentage refers to the total number of RCTs reporting a blinded assessment (above 

line). A trial could adopt one or more type of blinding (e.g., both trials investigators and 

assessors were blinded). 
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Limitations 

To determine whether the overall reporting was satisfactory, the highest possible threshold for 

adequate reporting was selected (i.e., all items of the checklists). Lower thresholds would have 

increased the number of compliant records; however, we judged that the fulfillment of all items 

was necessary for the true replication of a study. It may be possible that completeness of 

reporting was influenced not only by the dimension of the outcome (e.g. disability) or the 

measure used (e.g. Roland and Morris Questionnaire [RMQ]) but also by other merits and 

limitations (e.g. binary versus continuous, interpretability, relevance, statistical significance). 

Moreover, the implications of poor reporting in the dissemination of results of RCTs to patients 

were not explored. To capture the selective outcome reporting bias, it would have been 

necessary to study discrepancies between the registered protocol and its corresponding full text. 

Since the sample starts from 1970, it is difficult to detect potential bias as the widespread 

registration of protocols only began within the last ten years. Finally, when an outcome was 

assessed through a multidimensional scale (e.g. Oswestry Disability Index [ODI] which 

encompasses pain and disability), only the most inclusive dimension construct (e.g., disability) 

was arbitrarily retained. 
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4. Quality of reporting of rehabilitation interventions in low back pain 
rehabilitation interventions 
 
Published as: Reporting of Rehabilitation Intervention for Low Back Pain in Randomized Controlled 

Trials: Is the Treatment Fully Replicable? 

Gianola S, Castellini G, Agostini M, Bolotta R, Corbetta D, Frigerio P, Gasparini M, Gozzer P, 

Guariento E, Li LC, Pecoraro V, Sirtori V, Turolla A, Andreano A, Moja L. 

Spine (Phila Pa 1976). 2016 Mar;41(5):412-8 

 

 

 

The aim was to assess the quality of the reporting of rehabilitation interventions for LBP in 

RCTs included in Cochrane SRs. Furthermore, the relationship between the quality of reporting 

of rehabilitation interventions for LBP and the year of publication, presence of funding, and 

the continent in which the study was conducted were evaluated. 

Methods  

 

Strategy search, eligibility criteria and study selection 

Search strategy and study selection process are identical to those previously described in 

chapter 2 (page 20). However, this search strategy was run up to May 2013.  

 

Data Extraction and Analysis 

The following general characteristics from each included RCT were extracted: name of journal, 

year of publication, country of affiliation of the corresponding author, total number of authors, 

and reporting of funding. To rate the completeness of intervention reporting, the checklist 

proposed by Schroter et al. was adopted 47. This checklist outlines the items that should always 

be reported in an RCT investigating a rehabilitation intervention and largely overlaps with the 

recently developed TIDieR checklist, a template for intervention description and replication 

across all medical fields 51. 
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The checklist by Schroter et al. includes the following seven items: 1) setting: where the 

treatment was delivered; 2) provider: who delivered the treatment; 3) recipient: who received 

the treatment; 4) procedure: details about how to perform the treatment, including the 

sequencing of the technique; 5) materials: a description of the physical or informational 

materials used; 6) intensity: the dose/duration of individual treatment sessions; and 7) schedule: 

the interval, frequency, duration, or timing of the treatment. 

The number of intervention items that were reported in an RCT was assessed ('intervention 

completeness'). The reporting was considered incomplete if one or more elements were not 

reported. DistillerSR, a web-based database, was used for data extraction and management 60.  

Five pairs of reviewers, all actively practicing physiotherapists trained in the methodology of 

clinical trials, pilot tested the screening and data extraction process; they then independently 

extracted the general characteristics of included studies as well as the description of the 

interventions used. Disagreements or uncertainties were resolved by discussion among the 

reviewers. 

 

Statistical analysis 

Percentages were used to describe the ‘intervention completeness’ (i.e., proportion of items in 

the checklist that were reported). Median and IQR were used to describe the number of 

adequately reported item per RCT. A multivariable logistic regression model, adjusting for 

funding and continent, to investigate the impact of calendar year on each of the seven items 

was performed. The proper functional form for calendar year was explored. Results of the 

models were expressed as OR, and the corresponding 95%CIs, of the item being reported vs. 

not reported for a 10 unit increase of calendar year. All tests were two-sided with a significance 

level of 0.05. All analyses were performed with the Distiller SR 60 and R software 84.   
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Results and limitations 

 
Studies selection 

Eleven Cochrane SRs from the Cochrane Library were identified 63,62,64-72, comprising a total 

of 220 RCTs. Of these, 24 articles were excluded because they were duplicates of the same 

article or multiple publications of the same RCTs, 7 because they did not fulfill language 

inclusion criteria, and 4 because unable to retrieve the full text of the studies. The remaining 

185 RCTs were included (Appendix 2).  

 

General characteristics 

Table 5 reports the descriptive characteristics of included RCTs. The 185 identified RCTs were 

published across 74 journals. The top journals for the number of published articles were: Spine 

(23.2%, n=43), Journal of Manipulative and Physiological Therapeutics (4.8%, n=9), Pain and 

Archives of Physical Medicine and Rehabilitation (each 4.3%, n=8), the British Medical 

Journal (3.7%, n=7), and Physical Therapy (3.2%, n=6). Over half of the RCTs reported 

information about funding sources (56.2 %, n=104). The median number of authors included 

in the studies was 4 (IQR, 3-6). The median year of publication was 1998 (IQR, 1990-2004); 

only 8 studies were published from 1968 to 1979 (4.3%). The majority of corresponding 

authors came from Europe (55.6%, n=103), followed by the North and South America (27.6%, 

n=51).  
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Table 5. Descriptive characteristics of the included RCTs in rehabilitation interventions for 

mechanical LBP. 
 

 Number of 

RCTs 

 

Percentage 

of RCTs 

Median N° of 

adequately 

reported item 

(IQR) 

RCTs involved per Continent  

Europe  104  56.2 5.0 (3.0-6.0) 

North and South America 51 27.6 5.0 (3.0-6.0) 

Asia 19 10.3 5.0 (3.0-6.0) 

Oceania 11 5.9 6.0 (4.0-6.5) 

Africa 0 - - 

RCTs published into the first 5 most frequent journals 

Total number of involved journal n=74  

Spine  43 23.2 6.0 (5.0-7.0) 

Journal of Manipulative and 

Physiological Therapeutics  

9 4.8 4.0 (3.0-5.0) 

Pain  8 

 

4.3 5.0 (3.8-4.5) 

Archives of Physical Medicine and 

Rehabilitation  

8 4.3 5.5 (4.3-7.0) 

British Medical Journal  7 3.7 3.0 (1.0-3.0) 

Physical Therapy 6 3.2 3.5 (3.0-5.5) 

Other Journals 104 56.2 5.0 (3.0-6.0) 

Funding    

RCTs  reporting funding 104 56.2 5.0 (3.0-6.0) 

RCTs not reporting funding 81 43.8 5.0  (3.0-6.0) 

 
 

 

  



47 
 

Completeness of intervention description 

How many items were satisfactorily reported?  

Figure 10 shows the distribution of the total number of items that were satisfactorily reported 

in each RCT. Across all RCTs, the median number of satisfactorily reported items was 5 (IQR, 

3-6). The full replication of the intervention evaluated as possible in 33 RCTs (17.8%) that 

fulfilled all seven items in the checklist. Three RCTs did not satisfy the reporting of any item 

(1.6%). Only five RCTs reported online additional materials. 

 

Figure 10. Overall completeness of rehabilitation interventions reporting in mechanical LBP.  

Relative frequency distribution of the number of items (out of seven total in the checklist) 

that were satisfactorily reported in each RCT. 
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Which items were most satisfied? 

Figure 11 reports the percentage of RCTs satisfactorily reporting each of the seven items in the 

checklist. The most frequently completed items were: recipient (91.3%), provider, (81.1%), 

and intervention schedule (69.7%). The least frequently completed items were: procedure, 

(43%), the physical or informational materials used (48.1%), and the setting where the 

intervention was delivered (53%).  

 

 

Figure 11. Percentage of studies providing reported information or not reported information in 

each intervention description item. 

Legend: 

Orange bar= reported information 

Blu bar= not reported information 

 

 

 

Did RCTs and items improved over time? 

The percentage of trials that completely satisfied the reporting of the intervention (i.e., all seven 

items in the checklist) improved over time, from 14% (7 studies) in the decade 1971-1980 to 
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20% (75 studies) in the last decade 2001-2010. Figure 12 shows, for each item, the proportion 

of RCTs that satisfied the reporting over time. 

For two items, recipient and intensity, the improvement in reporting was statistically 

significant: the reporting of recipient doubled from one decade to the following (OR for 10 

years 2.06; 95%CI 1.11-3.83), while for intensity the improvement was less extensive (OR for 

10 years 1.60; 95%CI 1.10-2.32).  

A considerable reduction in the percentage of studies adequately describing intensity, schedule, 

and materials was found in the last five years examined, interrupting the positive trend over 

time. 

 
 

Figure 12. Proportion of RCTs adequately describing each of the seven items of rehabilitation 

interventions over the years. 

The odd ratio for the item being adequately reported vs. not for a 10-year increment, and its 

95% confidence interval, are reported.  
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Is a satisfactory reporting associated with country and funding? 

Table 6 shows detailed results for continent and funding. Approximately 25% of the studies 

from Asia and Oceania and one-sixth of the studies from America and Europe met all reporting 

criteria. For each continent, setting and materials were completely reported in about half of the 

RCTs (min-max, 47.4%-58.3% and 45.6%-50.0%, respectively), and schedule was reported in 

slightly more than two-thirds of the RCTs (min-max, 67.0%-78.9%). Intensity was less 

frequently reported in European trials (55.3%) compared to the other continents (min-max, 

74.0%-79.0%). Overall, recipient was the most reported item (min-max, 82.0%-100%) 

whereas procedure was the least reported (min-max, 37.3%-63.2%). Provider was most 

frequently reported in Oceania (100% of RCTs). The reporting of the person providing care 

(provider) and the person receiving care (recipient) were significantly influenced by the 

continent in the logistic regression model (p=0.01, p=0.04, respectively). 

More than half of the 185 RCTs (56.2%) reported sufficient information about funding. Of 

these trials (n=104), only 20.2% reported all seven items of the intervention reporting. Among 

the RCTs providing funding information, the most reported item was provider (90.4%). We 

did not find any significant association between a checklist item and the reported funding in 

the regression models. 
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Table 6. Number of RCTs per continent with a complete reporting of rehabilitation 

interventions in mechanical LBP. 

 
 North &Sud 

America  

51(27.6%) 

Europe 

103(55.7%) 

Asia 

19(10.3%) 

Oceania 

12(6.5%) 

Provider 39(76.5%) 87(84.5%) 12(63.2%) 12(100%) 

Recipient 42 (82.4%) 97(94.2%) 18 (94.7%) 12(100%) 

Schedule  36(70.6%) 69(67%) 15(78.9%) 9(75%) 

Intensity 38(74.5%) 57(55.3%) 15(78.9%) 9(75%) 

Materials 25(49%) 47(45.6%) 11(57.9%) 6(50%) 

Procedure 19(37.3%) 43(41.7%) 12(63.2%) 5(41.7%) 

Setting 39(76.5%) 87 (84.5%) 12(63.2%) 12(100%) 

All 7 items 

completed 

9(17.6%) 16(15.5%) 5(26.3%) 3(25%) 

 

 

 

 

Limitations 

 

First, only rehabilitative interventions for non-specific LBP were explored, excluding 

conditions such as pregnancy as well as treatments that were non-therapeutic (e.g., orthosis). 

Second, the studies spans across several decades and the appropriateness of examining old 

RCTs may be questioned.  

 
  



52 
 

5. Discussion of methodological assessment of reporting in LPB 
interventions 
 
We have investigated the reporting of sample size calculations, interventions and outcome 

assessment in LBP rehabilitation, along the line suggested by the CONSORT Statement.  

Reporting of sample size calculation is often incomplete, only a minority gave a complete 

description of the elements used. Then we found that numerous trials published between the 

1960s and the present failed to report a priori sample size calculation, barring readers from 

understanding whether calculation was done and whether done correctly.  

Also the reporting of interventions and outcomes were largely incomplete were scarce. We 

found that only a minority of RCTs adequately described all elements of the intervention (18%) 

and all elements of the outcome assessment (3.67%- 10.3%). The low frequency of description 

of materials and procedure for interventions is highly consistent with previous studies 94,95. 

Omitting from a trial the description of the procedure, if previously unpublished, could yield 

decision-makers to adopt uncorrected practices that may ultimately cause harm, increase 

adverse events, or prevent treatment of life-threatening disorders.  

Moreover, a large number of outcome measures with a myriad of measurement instruments 

was used across all RCTs. Difficulties caused by heterogeneity in outcome measurement could 

be addressed through the development and use of an agreed standardized collection of 

outcomes, known as the core outcome set (COS), which should be measured and reported 96,97 

in all rehabilitation RCTs for a specific condition. A COS is a scientifically agreed set of 

outcomes that have to be reported as a minimum in all studies conducted within a specific area 

of clinical practice, audit or research 82. Standardisation of the used clinical outcome measures 

is necessary for comparison across studies 56 and registries 98. Inconsistent choice of outcome 

measures in clinical trials means that many MAs are unable to include data from all the relevant 

studies 97. 
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Improving the reporting of outcome assessment must be pursue in order to avoid bias such as 

selection outcome or detection bias, and to increase applicability of research results into 

practice. 

Therefore the question is: are rehabilitation researchers generally poor investigators or are 

rehabilitation journal editors /reviewers not allowing good reporting?  There are several 

possible explanations. On one hand even if most journals’ Instructions to Authors recommend 

the use of the specific standards for reporting, only a minority of these require them as 

mandatory 99. Additionally, some journals do not encourage authors to provide supplemental 

materials to enhance reporting. On the other hand, guidelines for transparent reporting have 

been introduced only in recent years by the EQUATOR initiative and the CONSORT Statement 

but some time is required to actually see their effect in practice. Also, it could be claimed that 

sometimes problems of description are not identified by peer reviewers and editors, and that 

even when problems are detected only about two-thirds are fixed before publication (32.6%) 

47. Furthermore, it is not guarantee that the researchers actually performing the intervention for 

the clinical trial will be the same that wrote the publication. Maybe trials are well conducted 

but worse reported.   

What could be done to improve the reporting in rehabilitation? Journals can help to improve 

the problem of incomplete reporting by providing specific instructions to authors, requiring 

editors and peer reviewers to verify the compliance with the instructions, detecting missing 

details before publication. Ideally, the full intervention description should be published with 

the primary article, but this often is not feasible, for example, with manual procedures or 

extensive training materials. Since describing such study materials could add significantly to 

the length of papers, we suggest that editors encourage the use of web extras and/or links to 

study materials on authors’ or funders’ institutional websites.  
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Authors are invited to be compliant with the guidelines for reporting. For example, an higher 

adherence to protocol stage, as recommended by SPIRIT initiative 76,  and to the CONSORT 

statement 36. In particular we call for adopting the new TidieR checklist for intervention 

reporting 51, the more explicit set of elements for adequate reporting of sample size recently 

published 100 and a core outcome set for LBP 101,102.  

Therefore, if all rehabilitation journals endorsed the use of standardised checklists for 

reporting, the rehabilitation community could reach the goal to give a universal definition and 

exact replication of rehabilitation intervention. It would also promote the dissemination and 

replication of the most effective intervention in the way proposed in the original RCTs, 

allowing the same level of efficacy. 

This might also be an opportunity to reduce costs for clinicians and patients, giving to non-

drug therapies an alternative treatment over more expensive pharmacological therapies 

whenever possible. 

Funders, authors, journals and research users should all be concerned with this issue and work 

together to promote the improving of intervention, outcome assessment and sample size 

calculation. Transparent and accurate reporting is a crucial step to facilitate the transferring 

into practice of research findings for community rehabilitation readers that have to use the 

information.  
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PART 2.  Assessing clinical relevance in rehabilitation 
interventions for LBP 

 

1. Introduction 

Clinical relevance versus statistical significance 

 
Clinical studies aim to show differences between two or more groups of patients undergoing 

different interventions in terms of an outcome, usually over time.  

In common parlance a difference is called significant if the change is important or meaningful. 

In the world of statistics, a significant difference is simply a difference that is unlikely to have 

been caused by chance 103.  However, an observed statistically significant difference in terms 

of outcome between two interventions does not necessarily imply that this difference is 

clinically important 16 or that changes were clinically relevant for patients 17. For example, a 

study demonstrated a statistically significant difference for acupuncture in reducing spasticity 

after stroke, however these improvements are not clinically relevant changes for the patients 

104. Often, also in the rehabilitation field, statistical significance is obtained even for a small 

clinical effects, because of a small variability in the sample or a huge sample size. However 

statistical significance by itself provides little information about the clinical meaningfulness of 

a treatment 105. The concept of ‘‘clinically important difference’’ evolved to overcome the 

shortcomings of the ‘‘statistically significant difference’’ that considered outside the clinical 

contest 103. 

Interpretation of patient-reported outcomes measure for clinical relevance 

 
The concept of MID is particularly helpful in the evaluation of PROs because it could be 

offered as the new standard for determining effectiveness and describing patient satisfaction 

with a given treatment 103.  
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Clinical trials evaluating medical treatments and health interventions increasingly incorporate 

patients’ self-reported measures.  

As discussed in part I, PROs are very common in the rehabilitation field. For example, the 

effectiveness of LBP rehabilitation treatment in terms of pain relief is currently measured by 

the visual analogue scale (VAS), a patient-reported outcome. As described by Ostelo in 2008, 

there are many other self-reported measures used for the evaluation of LBP interventions 106. 

In order to compare results between studies using different PROs and to enable data pooling in 

SRs, an international group of researchers recommended the use of a standardized COS of 

measures in 1998 56, which was revised in 2000 107. Since then no update was performed. As 

previously shown in chapter 2, pain, disability and quality of life are the most used PROs in 

LBP population. 

  

PROs require the patient to assign a response to questions about their perceptions or activities 

(e.g., symptoms). These responses are typically combined in some way to create summary 

scores that can be used to measure an outcome. Demonstrating the ability to detect 

responsiveness to meaningful change is necessary but not sufficient for estimating the smallest 

change in score that can be regarded as important 108. Responsiveness has been defined as the 

ability of a questionnaire to detect clinically important changes over time 109, whereas the MID 

denotes the smallest score or change in score that would likely be important from the patient’s 

or clinician’s perspective. Because responsiveness and MID depend on population and 

contextual characteristics, there is not necessarily a single MID value for a PRO instrument 

across all applications and patient samples. There is often a range in MID estimates that varies 

across patient population and clinical study context 108. 
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The MID  was defined in 1989 as ‘‘the smallest difference in score in the domain of interest 

which patients perceive as beneficial and which would mandate, in the absence of troublesome 

side effects and excessive cost, a change in the patient’s management’’110. A treatment effect 

reaching the MID would convey clinical relevance to study results and might justify clinicians’ 

decision to treat 111. Actually, research in the field of MID has mainly focused on the side of 

patient’s benefit and most commonly considers the MID to be ‘‘the smallest change that is 

important to patients’’112. The MID is a threshold value for such a change and any amount of 

change greater than the MID threshold is considered to be clinically meaningful or important.  

Several measures, other than the MID, have been defined to capture the concept of a difference 

in outcome that is relevant for the health professional and/or the patient, most notably the MCD 

(minimal clinical difference), MCID (minimal clinical important difference) and the MCSD 

(minimal clinically significant difference)113 .  

 
 

Methods to estimate the MID 

 
Several studies have presented a clear overview of the different methods to assess a MID and 

provided some priorities for future research 103,114,115. However, there is no consensus in the 

literature on the most appropriate technique for determining the MID and different methods 

may result in different values 116,17 This has led to some confusion about what is the minimum 

change that is clinically important for commonly used back pain outcome measures 106. 

Nevertheless, four general approaches have been used to determine a MID: anchor-based 

methods (e.g., comparing VAS pain scores to a non-subjective measurement such as abilities 

or drug’s reduction), distribution-based methods (e.g., built on the variability of the pain 

scores), panel of experts and previous clinical trial experience 108. All approaches measure a 
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quantifiable change in outcomes, but they can produce different values for the change 

considered as clinical meaningful 103. 

 

Anchor- based approaches  

The anchor-based approach is the method most frequently used in PRO measures. It is based 

on an external criterion, either a different clinical variable for which a recognized clinical 

difference already exist (i.e., physiological measures) or patient-based indicator (i.e., actual 

changes in PRO measures such as mean changes in the actual population).  The external 

indicator is needed to assign subjects into several groups reflecting the amount of clinical or 

health status change in the target patient population 108. The determination of a specific MID 

value will depend on the selected anchor being proven to be a valid indicator of small but 

important changes 111. It is strongly recommended to use multiple independent anchors and to 

examine and confirm responsiveness across multiple samples 117,118. Although the use of an 

external criterion is the common characteristic of all anchor-based approaches, many 

differences remain between approaches 103. 

Typically, methods used to assess the MID from patients, are based on a retrospective judgment 

about whether they have improved, stayed the same, or worsened over some period of time. 

The method then establish a threshold based on the change in health related quality of life in 

patients who report minimal change, either for better or for worse. Another class of anchor-

based methods involves longitudinal FU to determine whether it is possible to identify 

subgroups that have clinically different outcomes, such as re-hospitalization, relapse of cancer, 

Medical Research Council grading, or different interventions. Although these approaches 

clearly yield differences that are clinically important, it is not at all clear that they are, in any 

sense, minimal. The last approach identifies subpopulations with different levels of health (for 

example, patients on hypertensive therapy vs. blood pressure therapy) and then looks at the 



59 
 

differences in scores on a generic HRQL measure. Although these differences have external 

significance in terms of population differences, the link to clinical relevance, or to any estimate 

of minimal relevant difference at the individual level, is unclear 119.    

A limitation of anchor based MIDs is that not all instruments of an outcome have an available 

anchor-based MID. In addition, an anchor-based method depends on the characteristic of the 

population on which it was constructed. For example, in a surgical ward the MID for LBP relief 

should be at least 4-5 points of VAS, whereas in chronic LBP a 1.5 points of MID is acceptable. 

 

Distribution based approaches  

Most of the traditional approaches to determine the MID fall under the distributional approach 

115. Distribution-based methods define the MID based on the distribution of observed scores in 

the population, estimated in a relevant sample 108. Several distributional methods have been 

developed, some specific for PROs, and many of them by Guyatt 117: 

1. Minimum detectable change  

Minimum detectable change was defined as 1,96√2  𝑥 𝑆𝐸, for a 95% confidence interval 

114,120. A related concept, the reliable index change is obtained by dividing the individual 

patient change score by the square root of the standard error of measurement (SEM). If the 

RCI is greater than 1.96, the change in the patient is considered to be a true change with 

95% confidence 121,105.  

2. Effect size (ES) 

It is a standardize measure of change obtained by dividing the difference in score from the 

baseline to post-treatment by the SD of the baseline score. It represents the number of SDs 

by which the score has changed from baseline to post-treatment. Cohen defined 0.2, 0.5, 

0.8 as a small, moderate and large ESs, respectively 122. 

3. Half a standard deviation, and standard error of measurement  
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‘Half a standard deviation’ (0.5 SD) was defined as half of the SD of the baseline 

scores119,123. SEM was defined as 𝑆𝐷 √ 1 − 𝑟 where SD is the standard deviation of the 

baseline scores and r is the test-retest reliability coefficient 110. A change score below the 

value of the SEM may reflect the imprecision of the measurement rather than a true change.  

The main critique to distribution-based methods consists on considering them as a ‘‘purely’’ 

statistical argument to support the choice of a MID 124.  

Also, each method produces a different MID values. Finally, MID definitions do not take into 

account the cost of treatment to the patient, and the change in PRO scores depends on the 

patient initial baseline status 103. 
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Panel/opinion based approaches (Delphi method) 

These are heuristic approaches, based on adequate surveys of experts’ opinion, formally 

pointed out using a clinician’s global assessment. Their authority is predicated on the 

foundations of experience, knowledge, data, and anecdote. In the end, this model is based on 

the belief system of the clinician (and importantly for some measures — the belief system and 

preferences of patients). This form of evidence is intuitive and often is the only evidence that 

is readily available 125. 

This approach establishes the MID on the opinion of expert pairs, connoted by a subjective 

nature inclination.   

 

Previous clinical trial experience 

Since the literature on PROs applied in clinical trials increases, it is increasingly possible to 

understand responsiveness and MID for different PRO instruments based on demonstrated 

differences between two or more active treatments in clinical trials. Their results in PROs 

measures can provide insight into observed effects based on treatment comparisons and should 

be used to help determine MID 108. 

 

Open questions and aims in LBP rehabilitation interventions 

 
Since not always statistically significant difference means clinical relevance, we firstly would 

interpret the results of mechanical LBP rehabilitation interventions in published RCTs in terms 

of both statistical significance and clinical relevance. Secondarily, the goal is to synthetize the 

evidence according to the concept of clinical relevance in MA. Therefore, we would interpret 

MAs in MIDs and not only in a classical way of statistical significance. We will propose an 

application of the concept of MID to MAs to ameliorate the clinical interpretation of the results.  
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2. Low back pain Rehabilitation interventions: are they statistical 
significant and clinically relevant? 
 
 
The aim was to interpret the results of published trials in mechanical LBP rehabilitation 

interventions in terms of clinical relevance and statistical significance.  

We re-analyzed results from RCTs applying a priori planned MID, the one used in the sample 

size calculation, in order to verify if findings were achieved in terms of clinical relevance. The 

primary outcome was to identify the number of RCTs classified as statistically significant and 

clinically relevant, statistically significant but not clinically relevant, clinically relevant but not 

statistically significant, and both not statistically and clinically significant.  The secondary 

outcome was the same categorization for all compared interventions. 

  

Methods 

Search strategy 

Cochrane Database for SRs published from 1995 to April 2017 was searched using the terms 

"back pain" and "rehabilitation" in title, abstract and keywords. Only Cochrane SRs were 

selected because they represented a gold standard for identifying all relevant RCTs in a field 

57,58 through highly sensitive search strategies.  

 

Eligibility criteria and selection of studies 

Inclusion of SRs 

A SR was included if nonspecific LBP and rehabilitation interventions were involved. 

Following the definition given by the National Library of Medicine, rehabilitation was defined 

as the 'return to the highest possible degree of human function in people suffering from a 

disease or have damage done by rehabilitation professionals' 59. SRs focused on interventions 
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other than rehabilitation (eg, prevention) or subgroups the population (eg, pregnant women) 

have been excluded. 

 

Inclusion of RCTs 

Studies were included from all eligible SRs whenever they met the following criteria: (i) the 

study design was an RCT, (ii) the language of publication was English or Italian, (iii) the 

publication reported the sample size calculation for the primary outcome and the a priori 

planned MID. 

Two authors independently searched and evaluated the Cochrane SRs and then examined the 

records of all potentially eligible RCTs of SRs, eliminating duplicates. Each disagreement was 

solved by consensus; if it was not possible to find an agreement, a third author was consulted. 

 

Data extraction 

An ad hoc data collection form in Excel was developed. Data extraction was performed by an 

author and verified by a second author, in case of disagreement a third author was consulted 

for a final decision. 

General characteristics were extracted from each RCT (e.g., year of publication). After that, 

the following methodological features were collected: planned sample size, primary outcome 

and referred measurement instrument, details on measurement scoring, a priori planned MID, 

bibliographic reference and explanation of the nature of the MID (eg., anchor/distribution 

method or other methods), scheduled FU, number of randomized patients, number of patients 

evaluated at the time of FU, and dropouts. If the FU time was not specified by the authors, the 

first post-treatment FU was selected. To estimate the clinical relevance of the results, the 

following data were extracted: mean difference (MD) of the primary outcome measure between 

treatment and comparator with its 95%CI or SD, and statistical significance of the difference 
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reported as achieved or not achieved statistical significance at the declared alpha level. The 

clinical relevance of the intervention effect was then determined from the obtained data 

considering if it was achieved, i.e. the MD was equal or greater than the declared MID, or not 

achieved.  

 

Data analysis 

Data were described by medians and IQR for continuous variables, number and percentages 

for categorical variables. The number of RCTs falling in each of the following four categories 

was calculated: statistically significant and clinically relevant, statistically significant but not 

clinically relevant, clinically relevant but not statistically significant, and both not statistically 

and clinically significant. If a trial presented multiple arm comparisons, at least the statistically 

significant one was selected in order to be more conservative. The absolute frequency of results 

was reported from all multiple arm comparisons of interventions into the same four categories. 

Results 

 
Study selection 

Sixty-one Cochrane SRs were identified in the Cochrane library. After removing duplicates, a 

total of 20 SRs were included in this study. One hundred-one RCTs were considered eligible, 

but only 42 of these met the inclusion criteria. The study selection process is shown in the flow 

chart of Appendix 3. 

 
General characteristics 

The 42 included RCTs were published in 18 journals. Most of these were published in Spine 

(31%, n = 13), in the British Medical Journal (12%, n = 5), and in the Clinical Journal of Pain 

(12%, n = 5). Fourteen countries have been designated as publishing countries, of which the 

most frequent are the United States (26.2%, n = 11) followed by the United Kingdom (19%, 
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n= 8), Norway and the Netherlands (9.5%, n = 4). The publication period of the 38 trials runs 

from 1996 to 2014 (median = 2006; IQR = 2003 - 2008). General characteristics are reported 

in table 7. 

 

Table 7. General characteristics of the RCTs. 

Characteristics n° of RCT % 

N° of countries (n=14)   

 United states 11 26.2 

 United Kingdom 9 21.4 

 Norway 4 9.5 

 Spain 1 2.4 

 Finland 2 4.8 

 Sweden 1 2.4 

 Netherland 4 9.5 

 Switzerland 1 2.4 

 Italy 1 2.4 

 Brazil 3 7.1 

 Australia 3 7.1 

 Thailand 1 2.4 

 Taiwan 1 2.4 

N° of journals (n=19)   

Most frequent journals   

 Spine 13 31.0 

 Clinical Journal of Pain 5 11.9 

 British Medical Journal 5 11.9 

 Journal of Manipulative and Physiological Therapeutics 3 7.1 

N° of reported funding  34 81.0 

 

 

Sample size characteristics 

To evaluate the interpretation of statistical significance and clinical relevance in the 42 trials, 

the sample size calculations of 60 outcomes were evaluated, accounting for a total of 81 

comparisons of interventions. 

The most frequently observed outcome used in sample size calculation was disability 67% 

(28/42), measured through the RMQ 61% (17/28) and the ODI 36% (10/28). The second most 
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used outcome was pain 32% (19/60) mainly described through the Visual Analogue Scale 63% 

(12/19) and followed by the Pain NRS (Numerical Rating Scale) 16% (3/19). Four studies did 

not report the number of patients obtained in the sample size calculation. For the other 38 

studies, the median of the sample sizes planned a priori was n=125, while the median of the 

enrolled sample sizes was n=133. 

 

Clinical relevance characteristics 

Most trials (n=37, 88.1%) reported MID as an absolute value, while 5 trials (11.9%) reported 

it as a percentage of improvement over the baseline. 

Half of the studies (n = 20, 47.6%) presented the bibliographic reference of the source used to 

calculated the MID. Eliminating duplicates 16 different sources were found and examined. Of 

those, 6 (37.5%) used an anchor based method to estimate the MID, 1 (6.3%) a distribution 

based one, 1 (6.3%) an Expert panel, 3 (18.8%) cited other articles, 3 (18.8%) were not clear 

in methodology, while 2 (12.5%) were not found. 

 

Is the effect always clinically relevant? 

Table 8 shown the main findings for statically and clinically results. Overall, we found that 

more than one-third of RCTs (37.5%, n=15) were both statistically and clinically significant 

whereas few (23.8 %, n=10) were statistically significant but not clinically relevant. Taking 

into account all comparisons of multiple arm trials (n=81) the scenario was slightly different: 

less than one-fifth of the compared interventions were neither statistically nor clinically 

significant (24.7%, n=20/81). Among these, 70% (n=14/20) considered placebo or usual care 

as comparator while only 30% (n=6/20) explored head to head comparisons. 
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Table 8. Statistically significance and clinically relevance on continuous outcomes of LBP. 

Δ is the MID. Negative values means greater pain reduction in the treatment vs. control group. 

 
Scenario N° of trials 

(total=42), 

Frequency (%) 

N° of comparisons 

(total=81),  

frequency (%) 

 

a) statistically significant and clinically relevant 

15 (37.5%) 20 (24.7%) 

 

b) statistically significant but not clinically relevant 

10 (23.8%) 22 (27.2%) 

 

c) probably clinically relevant but not statistically 

significant 

1 (2.4%) 2 (2.5%) 

 

d) not statistically or clinically significant 

15 (35.7%) 34 (42%) 

0Δ
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3. Re-analysis of a meta-analysis in minimal important difference units 
in low back pain interventions: are the effects still significant? 
 
Published as Multidisciplinary biopsychosocial rehabilitation for chronic low back pain: the need to 

present minimal important differences units in meta-analyses. 

Gianola S, Andreano A, Castellini G, Moja L, Valsecchi MG. 

Health Qual Life Outcomes. 2018 May 15;16(1):91.  

 

 
The aim is to explore how performing the MA in MID unit, instead of MD, changes the 

interpretation of the summary estimate and the conclusion of a SR focused on rehabilitation 

intervention for LBP; we will then discuss the practical problems encountered applying thus 

methodology. Data from a published Cochrane review of “Multidisciplinary biopsychosocial 

rehabilitation for chronic LBP” 74 were used.  

 

Methods 

 

Standard methods for meta-analyses of a continuous patient-reported outcome 

Pain is a PRO score typically treated as continuous variable. In MA of continuous data, the 

MD is the measure of the absolute difference between the mean outcome values measured in 

each arm of a parallel group clinical trial. When outcome measurements in all trials are made 

on the same scale, a well-established inverse variance MA method can be used to combine 

results across i trials and obtain a pooled MD estimate 126 from the MD of the individual study 

(𝑀𝐷𝑖) and their variance 𝑉𝑎𝑟(𝑀𝐷𝑖). 

𝑀𝐷𝑖 =   𝑚1𝑖 − 𝑚2𝑖        𝑉𝑎𝑟(𝑀𝐷𝑖) =
𝑠𝑑1𝑖

2

𝑛1𝑖
+

𝑠𝑑2𝑖
2

𝑛2𝑖
      

A pooled estimate can be obtained by either a fixed or random-effect model. Under the fixed-

effect model we assume that all studies in the MA share a common (true) ES. In our case the 

true MD in the population of patients with LBP. The weight (𝑊𝑖 ) assigned to each study in the 
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fixed-effect MA is the inverse of variance of the within study variance assessed to be normally 

distributed for a continuous outcomes: 

𝑊𝑖 =
1

𝑉𝑎𝑟(𝑀𝐷𝑖)
            

The weighed mean (𝑀𝐷) is then computed as: 

𝑀𝐷 =
(∑ 𝑊𝑖𝑀𝐷𝑖

𝑘
𝑖=1 )

∑ 𝑊𝑖
𝑘
𝑖=1

           

The variance of the summary effect is estimated as the reciprocal of the sum of the 𝑊𝑖  weight, 

or: 

𝑉𝑀𝐷 =
1

∑ 𝑊𝑘
𝑖=1 𝑖

          

However, in many SRs the fixed-effect assumption is implausible. Studies will differ in the 

clinical and demographical characteristics of participants and in the implementations of 

interventions, consequently the true ESs can be different in different studies. A solution is to 

use a random effect model, which assume a normal distribution of the true effect across studies 

with a variance τ2. To compute a study’s variance under the random-effects model, we need to 

know both within-study variance 𝑉𝑎𝑟(𝑀𝐷𝑖) and τ2 . The classic method for estimating τ2 is 

the following 126: 

τ2=
𝑄−𝑑𝑓

𝐶
      with 𝑄 estimated as:   

𝑄 =   ∑ 𝑊𝑖𝑀𝐷𝑖
2𝑘

𝑖=1 −
(∑ 𝑊𝑖 𝑀𝐷𝑖

𝑘
𝑖=1 )

2

∑ 𝑊𝑖
𝑘
𝑖=1

               

where k is the number of studies, df the degree of freedom (df=k-1) and 𝐶 the denominator of 

τ2, estimated as: 

𝐶 = ∑ 𝑊𝑖 −
∑ 𝑊𝑖

2

∑ 𝑊𝑖
           

However, when different scales are used to measure the same conceptual outcome (e.g. pain, 

disability), SMD is adopted as the summary measure instead of MD. This because is necessary 
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to standardize the different outcome measures before they can be compared and combined in a 

MA to obtain a pooled SMD, using the inverse variance method either by fixed-effect or 

random-effects models 126.  In this case the study outcome measure 𝑆𝑀𝐷𝑖   and its variance 

𝑉𝑎𝑟(𝑆𝑀𝐷𝑖) are calculated as: 

𝑆𝑀𝐷𝑖=   
𝑚1𝑖−𝑚2𝑖

𝑠𝑖
 (1 −

3

4𝑁𝑖 −9
)    , 𝑤𝑖𝑡ℎ                         𝑠𝑖 = √

(𝑛1𝑖−1)𝑆𝐷1𝑖
2 +(𝑛2𝑖−1)𝑆𝐷2𝑖

2

𝑁𝑖−2
    

𝑉𝑎𝑟(𝑆𝑀𝐷𝑖) =
𝑁𝑖

𝑛1𝑖𝑛2𝑖
+

𝑆𝑀𝐷𝑖
2

2(𝑁𝑖−3.94)
       

The SMD expresses the intervention effect in SD units rather than the original scales, with its 

value depending on both the size of the effect (the difference between means) and its variability. 

This approach has two important limitations. First, the same effect will appear different if 

population heterogeneity across eligible trials differs; second, health professionals and decision 

makers will not have an intuitive sense of the clinical importance of the effect reported in SD 

units. 

 

MID units method for meta-analysis of different pain instruments  

A potential solution to the limitations of SMDs pooling is to substitute it with a MA in MID 

units. MID units, (𝑀𝑈𝑖𝑗) are define as MD divided by the MID that was established for the j 

instruments used in the trial. If available from the literature, the MID should be anchor based 

127. 

𝑀𝑈𝑖𝑗 =
𝑀𝐷𝑖

𝑀𝐼𝐷j
        𝑓𝑜𝑟 𝑗 𝑓𝑟𝑜𝑚 1 to J            (1) 

The variance of 𝑀𝑈𝑖𝑗 is 127:  

𝑉𝑎𝑟(𝑀𝑈𝑖𝑗) =
𝑉𝑎𝑟 (𝑀𝐷)𝑖

𝑀𝐼𝐷𝑖𝑗
2           

Defining the trial weights as wij=1/Var(𝑀𝑈𝑖𝑗), we can use the inverse variance method to pool 

MID units using the following formula:  
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𝑀𝑈 =
(∑ 𝑤𝑖𝑀𝑈𝑖

𝑘
𝑖=1 )

∑ 𝑤𝑖
𝑘
𝑖=1

           

In the fixed effect model, the variance of 𝑀𝑈 can be calculated using the following formula: 

𝑉𝑎𝑟(𝑀𝑈) =
1

∑ 𝑤𝑖
𝑘
𝑖=1

   

and confidence intervals can be subsequently derived. Pooling of MID units is naturally 

extended to the random-effects model using weights equal to 𝑤𝑖 = 1/(𝑉𝑎𝑟𝑀𝑈 + τ2). 

 

The imputation of MID for instruments without an established MID  

When an anchor-based MID for an instrument is not present in the literature, one option is to 

choose a distribution-based approach to calculate it. We used the method proposed by Johnston 

et al. 128 to derive a MID for these instruments.  

The following measures were calculated: the “standard deviation ratio” (𝑆𝐷𝑅𝑖 ), the anchor-

based MID divided by the baseline standard deviation (𝑆𝐷𝑖), for the control group or, if not 

reported, the SD at the end-of-treatment for the same group.  

𝑆𝐷𝑅𝑖𝑘 =  𝑀𝐼𝐷𝑘/𝑆𝐷𝑖𝑘              (2) 

where  k = 1, … K instruments with an anchor based MID 

When several 𝑆𝐷𝑅𝑠 are available from trials using instruments with an established anchor 

based MID, we can calculate their median. To estimate the MID for instruments without an 

anchor-based one, we multiplied the 𝑚𝑒𝑑𝑖𝑎𝑛 𝑆𝐷𝑅 of the studies with an anchor based MID 

for their SDs (baseline or endpoint).  

𝑀𝐼𝐷𝑖𝑔 = 𝑆𝐷𝑖𝑔 ∗ 𝑚𝑒𝑑𝑖𝑎𝑛 𝑆𝐷𝑅𝑖𝑘                      (3) 

where  g = 1, … G instruments without an anchor based MID 

The calculated distribution-based MID was used for the instruments without an anchor based 

one to compute MID units for that trial (eq.1). 
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Case-study: application of the method 

Investigated comparisons  

The MA was firstly performed in SMD and subsequently in MID units, interpreting the 

obtained summary “pain relief” effects for the following comparison: “MBR versus usual care 

in chronic populations” in short, medium and long terms of FU studies.   

The three MA included 13 trials of which 10 employed two widely used disease-specific pain 

instruments: the pain NRS and the VAS. Both instruments have demonstrated a validity and 

responsiveness in various setting 129. Another valid pain instrument 130 reported in two trials 

131,132 was the SF-36 bodily pain (Medical Outcomes Study 36-Item Short Form Health 

Survey). One primary study did not report the employed instrument 133. 

 

Definition of the anchor based MID for instrument measuring pain relief in low back pain  

An extensive literature search was performed in order to define an established MID for all 

instruments usually used to measure perceived back pain in studies for people with nonspecific 

LBP excluding specific causes for back pain (e.g., such as cauda equina syndrome).  The search 

strategy adopted from Ferreira 2012 134 was updated to May 2015, which was conducted on 

MEDLINE up to May 2011 and of CINAHL, LILACS, and EMBASE up to August 2010 

without restriction for language.   

Fourteen studies were reported having an anchor based MID for NRS, 5 for VAS and only 1 

for three other different instruments (pain self-efficacy questionnaire, patient-specific 

functional scale and 11-Face Faces Pain Scale). The MIDs established by Ostelo et al.  106 for 

the VAS 0-100 mm and for the NRS were adopted in our MAs, since this study is a consensus 

expert panel that revised anchor based MIDs and its results are consistent with all other 

retrieved studies. The proposed MID values are 15 for VAS and 2 for NRS.  
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For the other instruments presented in our MA (SF-36 body pain), a widely accepted anchor-

based MID was not find and the distribution-based method, above described (page 74), to 

calculate their MID (eq.1-3) was adopted. The same approach was used for the study not 

reporting the employed instrument. 

 

Results 

 
Descriptive characteristics  

Short term MBR versus usual care for reduction of back pain includes 9 studies; the medium 

term comparison counts 6 studies and the last-term one counts 7 studies. Table 9 summarizes 

the number of studies reporting the different instruments for the three analysed comparisons. 

 

Table 9. Number of studies using each instrument for the considered comparisons. 

 Instruments 

Comparison:  

MBR vs Usual Care 

NRS  

a.b.  MID=2 

VAS  

a.b. MID=15 

SF36-body pain 

d.b. MID 

Not reported  

d.b. MID 

Short term(n=9) 2 4 2* 1** 

Medium term (n=6) 2 3 1*** 0 

Long term (n=7) 3 4 0 0 

Legend:   

a.b.=Anchor based, d.b.= Distribution based  

*  Tavafian 2008, MID= 24,8; Tavafian 2011, MID=19,5    

**  Moix 2003, MID= 2.6 

***  Tavafian 2011, MID=20,4
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Results of the meta-analyses in SMD 

Data from the Cochrane SR 74 were used to calculate the SMDs and their 95% Confidence 

Intervals (Table 10). The MD was calculated as control minus treatment in all MAs, i.e., a 

positive SMD favors MBR over usual care. 

 

Table 10. Reported outcomes of the studies included in the MAs. 

 Intervention control 

Study Mean 

MBR 

SD 

MBR 

n 

MBR 

Mean 

Usual care 

SD n 

Usual care 
Short term 

Abbassi 2012 2.6 2.0 12 3.2 1.6 11 

Basler 1997 4.1 2.1 36 4.2 1.4 40 

Lambeek 2010 3.9 2.5 60 5.5 2.3 62 

Moix 2003 14.5 3.2 13 14.9 3.2 15 

Morone 2011 4.5 2.3 41 7.6 2.1 29 

Morone 2012 5.0 2.2 25 8.0 2.2 25 

Tavafian 2008 -71.5 16.2 44 -56.6 30.0 47 

Tavafian 2011 -65.8 22.6 92 -56.3 23.6 97 

Von Korff 2005 4.9 2.0 110 5.3 1.9 120 

Medium term       

Bendix 1996/98 5.7 2.1 45 6.9 2.1 49 

Lambeek 2010 3.6 2.6 58 4.8 2.4 60 

Morone 2011 4.4 2.5 41 6.5 1.9 29 

Morone 2012 4.0 2.2 25 7.0 2.2 25 

Tavafian 2011 -72.3 22.8 92 -60.3 25.8 96 

Von Korff 2005 4.2 2.0 110 4.7 2.2 110 

Long term       

Abbassi 2012 3.7 2.5 12 4.3 1.4 11 

Bendix 1996/98 6.0 2.2 50 6.5 2.2 49 

Lambeek 2010 4.2 2.7 59 4.5 2.7 60 

Linton 2005 2.9 2.0 61 4.1 2.6 47 

Lukinmaa 1989 47.3 20.5 86 44.6 20.5 72 

Strand 2001 37.2 20.5 81 42.5 20.5 36 

Von Korff 2005 4 2.3 99 4.7 2.1 98 
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Short term multidisciplinary biopsychosocial rehabilitation versus usual care for back 

pain relief  

 
Nine studies, involving 879 patients, investigated the effect of a MBR intervention versus usual 

care for pain relief.  The point estimate for the pooled differences is 0.56 SMD (95%CI, 0.29, 

0.85) in the short term (Figure 13). The 95%CI did not include the zero, indicating a statistically 

significant effect in favor of MBR over usual care in terms of pain relief for LBP patients.  

 

Figure 13. MA of SMD for “Multidisciplinary biopsychosocial rehabilitation versus usual 

care for back pain in short term”. 
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Medium term multidisciplinary biopsychosocial rehabilitation versus usual care for back 

pain relief 

 
Six studies, involving 740 patients, investigated the effect of a MBR intervention versus usual 

care for pain relief.  The point estimate for the pooled between group difference is 0.60 SMD 

(95%CI 0.34, 0.87) in the medium term (Figure 14). The 95%CI did not include the zero, 

indicating a statistically significant effect in favor of MBR over usual care in terms of pain 

relief for LBP patients.  

 
Figure 14. MA of SMD for “Multidisciplinary biopsychosocial rehabilitation versus usual 

care for back pain in medium term”. 
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Long term multidisciplinary biopsychosocial rehabilitation versus usual care for back 

pain relief 

 
Seven studies, involving 821 patients, investigated the effect of a MBR intervention versus 

usual care for pain relief.  The point estimate for the pooled between group differences is 0.21 

SMD (95%CI 0.04, 0.37) in the long term (Figure 15). The 95%CI did not include the zero, 

indicating a statistically significant effect in favor of MBR over usual care for pain relief in 

LBP patients.  

 
Figure 15. MA of SMD for “Multidisciplinary biopsychosocial rehabilitation versus usual 

care for back pain in long term”. 
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Results of meta-analyses in MID units 

We firstly used the described standard deviation ratio method (SDR) (eq 2) to calculate the 

MIDs (eq 3) for instruments without an anchor based one.  The distribution of the SDR for 

each instrument is described in table 11.  

 

Table 11. Distribution of SDR for each instrument having an anchor based MID in the three 

comparisons. 

 

Comparison:  

MBR vs Usual Care 

 

Median SDR Minimum of SDR Maximum of 

SDR Short term (studies with established MID, n=6/9) 

NRS (n=2) 1.256 1.053 1.460 

VAS 0-10 cm (n=4) 0.698 0.638 0.938 

Overall (n=6) 0.826 0.638 1.460 

Medium term (studies with established MID, n=5/6) 

NRS (n=2) 0.931 0.909 0.952 

VAS 0-10 cm (n=3) 0.682 0.622 0.789 

Overall (n=5) 0.789 0.622 0.952 

Long term(studies with established MID, n=7/7) 

NRS (n=3) 0.909 0.769 0.952 

VAS 0-10 cm (n=4) 0.732 0.560 1.071 

Overall(n=7) 0.769 0.560 1.071 
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Short term multidisciplinary biopsychosocial rehabilitation versus usual care for back 

pain relief 

 
The median SDR for VAS was 0.69 (range 0.64-0.94), whereas the median SDR for NRS was 

1.25 (range 1.05-1.46). Combining both the overall median SDR was 0.82 (Table 3) and it was 

used to calculate the distribution based MIDs for the three studies using an instrument without 

an established MID. The pooled estimate of the effect was 0.75 MID units (95%CI; 0.27, 1.24; 

Figure 16). For clinicians this result become easy to translate into clinical practice. For 

example, since the MID for NRS is 2 points, the summary measure of 0.75 MID units means 

1.5 scores of improvement in NRS scale.  

  

 
Figure 16. MAs in MID units for “Multidisciplinary biopsychosocial rehabilitation versus 

usual care for back pain in short term”. 
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Medium term multidisciplinary biopsychosocial rehabilitation versus usual care for back 

pain relief 

 
The median SDR for VAS was 0.68 (range 0.62-0.79), whereas the median SDR for NRS was 

0.93 (range 0.91-0.95). Combining both, the overall median SDR was 0.79 (Table 3) and it was 

used to calculate the distribution based MIDs for one study using an instrument without an 

established MID. The pooled estimate of the effect was 0.86 MID units (95%CI; 0.39, 1.33; 

Figure 17). For clinicians this result become easy to translate into clinical practice. For 

example, since the MID for NRS is 2 points, the summary measure of 0.86 MID units means 

1.7 scores of improvement in NRS scale.    

 

 
Figure 17. MA of MID units for “Multidisciplinary biopsychosocial rehabilitation versus usual 

care for back pain in medium term”. 
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Long term multidisciplinary biopsychosocial rehabilitation versus usual care for back 

pain relief 

 
The median SDR for VAS was 0.73 (range 0.56-1.07), whereas the median SDR for NRS was 

0.91 (range 0.77-0.95). Combining both, the overall median SDR was 0.77 (Table 11). The 

pooled estimate of the effect was 0.27 MID units (95%CI; 0.07, 0.48; Figure 18). For clinicians 

this result become easy to translate into clinical practice. For example, since the MID for NRS 

is 2 points, the summary measure of 0.27 MID units means 0.5 scores of improvement in NRS 

scale.    

 

 
Figure 18. MA of MID units for “Multidisciplinary biopsychosocial rehabilitation versus 

usual care for back pain in long term”. 
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Comparisons of results in SMD and MID units and clinical interpretation of results in 

MID units 

 

To better compare results of the MAs coming from the two different units of measure, the 

summary estimates in SMD and MID units are reported in Table 12.  

  

 

Table 12. Contrast of the results from the MAs in SMD and MID units for each considered 

comparison. 
 

Comparisons SMD (95% IC) MID units (95% IC) 

Short term MBR vs Usual Care 0.56 (0.28-0.83) 0.75 (0.27-1.24) 

Medium term MBR vs Usual Care 0.60 (0.34-0.87) 0.86 (0.39-1.33) 

Long term MBR vs Usual Care 0.21 (0.04-0.27) 0.27 (0.07-0.48) 

 

 

The three overall estimates are statistically significant both in SMD and MID units MA. As 

expected, the results are consistent across units of measurement. Therefore, in conclusion there 

is a statistically significant difference between the effects of MBR vs. usual care at all FU 

times.  

However, the overall estimates in SMD do not allow to immediately appreciate the clinical 

impact of an intervention, whereas those in MID units reflect also the clinical relevance. 

Concerning the interpretation of the results in MID units, Jonhstone et al. proposed the 

following guide: “if the pooled estimate is greater than 1 MID unit, and one accepts that the 

estimate of effect is accurate, many patients will gain clinically important benefits from 

treatment. If the estimate of effect lies between 0.5 and 1.0, the treatment may still benefit an 

appreciable number of patients. As the pooled estimate falls below 0.5 MID units it becomes 
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progressively less likely that an appreciable number of patients will achieve important benefits 

from treatment” 127. 

In our MAs, all summary estimates in MID units are below 1, i.e. the average change from 

baseline to end of FU is smaller than the MID. However, two comparisons (short and medium 

term) are clinically relevant for a sub-group of the subjects, because the upper limit of the 

95%CI is greater than one MID unit. On the contrary, the 95%CI of the third comparison never 

gets above one MID unit. We can conclude that the long-term effect is not clinically relevant 

(Figure 19). 

 
 

 
Figure 19. Clinical interpretation of the results of the MAs in MID units. 
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4. Discussion of clinical relevance in LPB interventions 
 
 
Clinical relevance is not yet seriously contemplated in the efficacy consideration. In fact, only 

an half of the trials reported the source reference for the adopted planned MID. Despite the 

amount of efforts in conducting RCTs in LBP rehabilitation, just few of them reached both 

statistically and clinically significant results and the majority of their multi arm comparisons 

were compared against open-and-shut interventions. This finding assume a great importance 

because the efficacy of results in the RCTs usually is represented by the statistical significance. 

If authors of trials reported results in term of clinical relevance the threshold for efficacy will 

change and a considerable part of the interventions statistically significant become not 

efficacious. This concept was better investigated and developed by the analysis reported in the 

case study review of MBR for chronic pain.  

 

Results of MAs in SMD and MID units change. Comparing MBR versus usual care for short 

and medium term pain relief suggest a statistically significant but clinically modest effect for 

patients, as the pooled estimate is slightly lower than 1 MID, which is by definition the minimal 

important clinical difference. In the long term comparison, the pooled estimated is only one 

third of the MID, suggesting that on average the benefit, although statistically significant, is 

not clinically relevant.  

 

The MID unit approach maintains the advantage of SMD, i.e standardizing the outcome 

measures allowing comparisons across different scales, but it increases the interpretability of 

the results for clinicians and patients, because the improvement is measured in a clinically 

meaningful way. The use of MID units avoids the problems associated with heterogeneity of 

between study variances as a result of using the SD to calculate the SMD. The approach 
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described by 128 also suggests how to include studies without an established MID. This protect 

against the bias due to selection of the studies. 

However, even when anchor based MIDs are available, application of the method in particular 

instances presents some limitations. The use of MID units requires previous studies having 

reported an estimate of the MID (possibly an anchor based MID) for several trials. Not all 

instruments used to asses an outcome have an established MID, in fact this is possible for only 

a little number of outcome measures. Specifically, in a large cohort of trials (n=185) focused 

on LBP rehabilitation we previously found 70 different instruments to measure pain 135 but 

only 5 of these have an anchor based MID.  

Secondly, in the concept of MID is intrinsic that the clinical effect is related only to one 

intervention. The MID is informative only about the comparisons investigating the treatment 

versus control treatment (i.e., usual care, placebo etc.); if we compare two different treatments 

the MID value should be changed to account for the effect already provided by the control 

treatment. For example, in the comparison of MBR versus pharmacological treatment, we can’t 

apply the same MID that we used against usual care (that we assumed having no effect) because 

pharmacological treatment will already have an effect on pain releif and the MID for the 

difference between experimental and control treatments should be adjusted to be a clinically 

meaningful increase beyond the effect of the control.  

Finally, MAs in MID units are vulnerable to naïve, oversimplified interpretation as we estimate 

an average effect while the actual effect is different from patient to patient.  However, this is 

not unique to the MID approach, but it is a common problem when we deal with means and 

consequently in all MAs, where the interpretation of the results is based on the average effect 

in the population. Also we have to consider that, when we define a MID, we choose a single 

value while in reality the MID is subjective, i.e. the clinical relevance of a change in the 

outcome may differ from patient to patient. 
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Despite its limitations, the approach to perform MA in MID units shows various advantages in 

terms of clinical interpretability and in avoiding selection bias. These characteristics suggest 

its use in MAs of continuous outcomes measured with different instruments, such as pain, to 

express results in readily interpretable way for rehabilitation stakeholders. 
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PART 3. Identifying the best available treatment for low back 
pain: a network meta-analysis  

 

1. Introduction 

Systematic reviews and meta-analysis in rehabilitation 

 
The Cochrane Collaboration define a SR as “a review of a clearly formulated question that uses 

systematic and explicit methods to identify, select, and critically appraise relevant research, 

and to collect and analyse data from the studies that are included in the review. Statistical 

methods (meta-analysis) may or may not be used to analyse and summarise the results of the 

included studies. MA refers to the use of statistical techniques in a SR to integrate the results 

of included studies’’ 136.  

Also in the professionals allied to medicine MA rise as an efficient tool of keeping up-to-date 

with the accumulation of evidence in clinical content areas and as a background document for 

clinical practice guidelines is now gaining momentum 137. The rehabilitation field is not an 

exception. The first SRs relevant to the rehabilitation field were published in the early 1980s 

138. Since then, the number of SRs relevant to rehabilitation field has substantially increased 

138. A recent survey confirms this secular trend. In the 1999, 59 SRs of physiotherapy were 

published 138 whereas in only nine months of 2011 the new publications targeted as ‘systematic 

reviews’ in Medline were 263 23. Two third of these publications were not clinical evidence 

synthesis but qualitative evaluations of key methodological dimensions, aiming at limiting the 

bias and improving the reliability and accuracy of results. Around one third of reviews included 

at least a MA and considered the consistency (heterogeneity) of results across studies. Only 

one quarter described the flow of information throughout the review process, reasons for 

exclusion of studies and discussed potential publication bias, as methodologically required 23.  
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In the rehabilitation field often many different treatments and interventions have been proposed 

and evaluated with RCTs for a single condition. In this setting, classical pairwise MA permit 

to synthesize evidence of the relative effect of two treatment at a time and not all treatments 

have been directly compared. To allow for an overall evaluation of many different treatment 

MA methodology has been extended to perform NMA. 

 

Network meta-analysis: multiple comparisons 

 
Network meta-analysis is an extension of standard pairwise MA by including multiple 

comparisons across a range of interventions, addressing the comparative effectiveness of 

multiple treatment alternatives 139. 

Clinicians, patients, and health-policy makers often need to decide which treatment is “best” 

based on all relevant evidence. Unfortunately, robustly designed RCTs that simultaneously 

compare all interventions of interest are almost never available. As an alternative, indirect 

treatment comparisons can provide useful evidence 140.  

In NMA, evidence on the relative treatment effect of two treatments is generated by considering 

the entire evidence in the network, coming from both direct and indirect treatment comparisons. 

This provides an advantage over the more traditional pairwise analyses. Indirect comparisons 

can be performed if studies in a SR provide information on three or more competing 

interventions. For example, suppose there are studies directly comparing ‘chiropractic’ (A) 

with ‘manual therapist’ (B) in providing therapy for restoration of human functions, and studies 

comparing ‘chiropractic’ with ‘physiotherapist’ (C). Suppose further that these have been 

combined in standard, pairwise MAs to separately derive direct estimates of AB and AC 

intervention effects, measured as MD in restoration of human function. If there are no head-to-

head trials directly comparing interventions ‘manual therapist’ (B) and ‘physiotherapist’ (C) it 
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can derive an indirect estimate of the relative effect of BC by combining the two summary 

estimates AB and AC (Figure 20).  

 

 

Figure 20. Example of a SR with studies comparing the effectiveness of ‘chiropractic’ (A), 

‘manual therapist’ (B) and ‘physiotherapist’ (C) in providing therapy for restoration of human 

functions.  

 

 

Anyway, indirect estimates can be derived via many other routes. The only requirement is that 

two interventions are ‘connected’ and not necessarily via a common comparator. An example 

of this situation is provided in Figure 21, where ‘manual therapist’ (B) and ‘physician’ (D) do 

not have a common comparator, but we can compare them indirectly via the route ‘manual 

therapist’ (B) – ‘chiropractic’ (A) – ‘physiotherapist’ (C) – ‘physician (D). 



90 
 

 

Figure 21. Example of a SR with studies comparing the effectiveness of ‘chiropractic’ (A), 

‘manual therapist’ (B), ‘physiotherapist’ (C) and ‘physician’ (D) in providing therapy for 

restoration of human functions. 

 

 

Assumptions of network meta-analysis 

NMA requires some assumptions to estimate indirect effects: similarity or transitivity, 

consistency and heterogeneity. First, similarity or transitivity means that studies should be 

combined only if they are clinically and methodologically similar 141. Of course, studies 

comparing different interventions are likely to differ in a wide range of characteristics. 

Sometimes these characteristics are associated with the outcome of interest in the sense that 

different levels of a particular characteristic may influence the effect of an intervention. If the 

AB and AC trials differ with respect to such characteristics, also called ‘effect modifiers’, they 

are not appropriate for an indirect comparison 142. The underlying assumption of indirect 

comparisons is that the common comparator intervention A allows a transitive relationship 
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between the AB and AC effects. In words, this means that we can compare interventions B and 

C via A.  

Transitivity requires that intervention A is similar when it appears in studies AB and studies 

AC with respect to clinical characteristics that may affect the two relative effects 143. Anyway, 

similarity is not required for all characteristics of trials and patients because, even if studies are 

dissimilar, not all characteristics are effect modifiers 144.  

The secondarily assumption is consistency, that is the statistical expression of transitivity, that 

implies that different sources of evidence (direct and indirect) should be in agreement and 

underlies any mixed estimate 145,146. A mixed estimate is an inverse variance weighted average 

of the direct and indirect summary estimates. The consistency assumption is expressed 

mathematically by the consistency equations, which suggest that the true direct and indirect 

intervention effects for a specific comparison are similar:  

′𝑡𝑟𝑢𝑒′ 𝑖𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝑀𝐷(𝐵𝑣𝑠𝐶)=′𝑡𝑟𝑢𝑒′ 𝑑𝑖𝑟𝑒𝑐𝑡 𝑀𝐷(𝐴𝑣𝑠𝐶)−′𝑡𝑟𝑢𝑒′ 𝑑𝑖𝑟𝑒𝑐𝑡 𝑀𝐷(𝐴𝑣𝑠𝐵)  

It can be evaluated only when a loop in the evidence network exists, that is, when there is a 

direct and indirect evidence for a particular comparison of interventions. In addition of 

consistency, which is specific of NMA, we have to consider the heterogeneity of the treatment 

effect as we do in pairwise MA. In NMA we usually assume that each study estimates a study-

specific treatment effect, or that there is heterogeneity in each pairwise comparison, and that 

the effects have a normal distribution around a common mean with variance τ2. Consequently 

we perform a  random-effects analysis 147. The third assumption which is often made in NMA, 

and that it will be used in our analysis, is that all pairwise-comparison treatment effects share 

the same heterogeneity τ2. 

  

In practice, one must check these assumptions, to the extent possible. Particularly, similarity 

or transitivity can be investigated exploring covariates distribution between studies, and 
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different tests are available for consistency 141. Clinical and methodological diversity, as well 

as variation in ES, will be verified in order to decide the inclusion of studies and their relative 

interventions for the contribution of network 141. Agreement is seldom perfect, and both 

statistical and clinical judgment may be required (e.g., re-examining information in the reports 

on some trials, calculating direct and indirect estimates separately before proceeding to a 

NMA). Anyway, some differences on study-level characteristics can be controlled by 

adjustments via meta-regression, but these are unlikely to overcome substantial disparities 

among the studies. Interpretations of results should acknowledge this limitation 141.  

 

Open questions and aims in LBP rehabilitation interventions 

 
There are many different therapeutic interventions for acute non-specific LBP, including 

pharmacological and physiotherapy treatments, but none of them is universally accepted 6. 

According to a recent SR published by the Ontario Protocol for Traffic Injury Management 

Collaboration 148, investigating high quality guidelines, patients with acute LBP should be 

encouraged to return to activity and may benefit from paracetamol, non-steroid anti-

inflammatory drugs (NSAIDs), or spinal manipulation. However, the uncertainty about the 

most effective treatment may be due to the absence of multiple direct comparison of the 

different treatments available. In fact, the majority of the available studies contrasts only two 

interventions at a time. It would be helpful for clinicians, patients and all stakeholders to know 

the relative efficacy of all available treatments for acute LBP in terms, to better choose among 

the different options on the basis of evidence and not only according to expert’s opinion. 
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2. Case example of NMA: Effectiveness of treatments for acute and sub-
acute mechanical non-specific low back pain 
 
 

 

Aim 

To assess the effectiveness of currently available interventions used to treat acute non-specific 

LBP.  Particularly, to compare different treatment options for relieving pain.  

 

Methods 

 
The PRISMA-NMA extension statement was used to structure the contents of the actual SR 

and NMA 149. Additional sections were considered according to Chaimani et al.150. 

 

Eligibility criteria  

Types of studies  

RCTs were included only if authors had explicitly stated that it was randomised 151.  Quasi-

randomised trials and cross-over trials were be excluded.  

 

Participants 

Trials that involved participants aged older than 18 years, both male and female, experiencing 

pain until 12 weeks of non-specific LBP were included. The LBP population was classified 

based on timing onset of pain: acute (less than six weeks) or subacute (six to 12 weeks) 4. 

Accordingly, trials for pain duration were selected regardless of the definition of population 

declared for a study (e.g., chronic patients having pain less than 12 weeks). When the 

recruitment criteria for duration of pain exceeded few weeks the standard definition of subacute 

pain (i.e., recruitment from 8 to 16 weeks), we contacted the authors to obtain the data for our 
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population of interest only, otherwise in the absence of clarification, the study was excluded. 

According to the definition of aspecific LBP, studies focusing on specific pathological entities 

(e.g., spondylolisthesis) and subgroups of patients (e.g., pregnant women) were excluded. 

There was no restriction on the severity or stage of the symptoms. Studies focusing on both 

neck and back pain in which the two subgroups of patients cannot be identified, or patients 

present with both conditions, were excluded. 

 

Interventions 

All conservative rehabilitation or pharmacological treatments provided by health professionals, 

such as general medical practitioners or physiotherapists, aiming at relieving pain and reducing 

physical disability were considered. Any modality (e.g. physical, pharmacological), treatment 

extent, frequency or intensity was took into consideration. RCTs or arms of RCTs including 

non-conservative treatments (e.g., surgical approaches) or alternative-medicine treatments as 

herbal medicine and homeopathy were excluded. Acupuncture and dry needling were 

comprised because they are largely used and scientifically studied in the Western countries 152. 

 

Comparators 

All comparators which have been used in the included trials were encompassed. However, for 

the purpose of the NMA, a common comparator defined as “placebo” was defined, including 

no treatment, sham intervention and placebo therapies. 
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Outcomes and study time-points  

Primary outcomes were pain intensity (e.g., measured by NRS, visual analogue scale, McGill 

Pain Questionnaire or, box scale, other validated quantitative measures). The effects were 

evaluated at short-term (within 1 month from the end of treatment), medium-term (around 6 

months) and long-term (around 12 months) of FU assessment. 

 

Information sources 

The following electronic databases since the inception date up to 29 November 2017 were 

investigated: MEDLINE (PubMed), CENTRAL, EMBASE (Elsevier, EMBASE.com). 

Appropriate thesaurus and free-text terms were applied to perform the search strategy. 

Investigators and relevant trial authors seeking information about unpublished data were 

contacted. The reference lists of all studies and any interesting SR or MA identified during the 

search process were examined. 

No restriction on language or publication period was applied. Non-English studies for which a 

translation could not be obtained were classed as potentially eligible awaiting classification but 

not considered into full review.  

 

Study selection 

Two independent authors screened the abstracts of all publications that are obtained by the 

search strategy. Then, they independently assessed the full text of potentially relevant studies 

for inclusion. All studies that did not fulfil the above inclusion criteria were discarded. Then 

the full text of the remaining articles was obtained. Disagreements were resolved through 

discussion. Anyway, a third author was consulted if disagreement persisted. Coevidence 

software 153 was employed to manage the study selection phase. 
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Data extraction 

A data extraction form was specifically designed and piloted for 20 random trials using an 

Excel spreadsheet (Microsoft Inc.). Two researchers independently extracted characteristics 

and outcome data of the included studies. Disagreements were resolved through discussion or 

with assistance from a third author if necessary. 

From each included study the following general characteristics were extracted: name of the 

first author, year of publication, setting, number of centers, number of randomized participants, 

the interventions compared for pain outcome. All relevant arm level outcome data were 

extracted (e.g. mean and SD of pain and number of reported patients at each FU).  

The following characteristics were extracted as potential effect modifiers: age, gender, stage of 

disease duration (acute, subacute or both LBP), year of publication, duration of the treatment, 

duration of FU assessment and risk of bias (RoB) assessment.  

It was assumed per transitivity that any patient that meets the inclusion criteria is, in principle, 

equally likely to be randomized to any of the eligible LBP intervention.  

 

Risk of bias within individual studies 

Two pairs of review authors independently assessed the RoB of the included studies. 

Disagreements were resolved through discussion or arbitration of a third review author when 

consensus could not be reached. The RoB was assessed for each included study using the 

Cochrane Collaboration criteria 151: random sequence generation, allocation concealment, 

blinding of participants, providers and outcome assessment, incomplete outcome data, and 

selective outcome reporting. Each item was scored as ‘high’, ‘low’, or ‘unclear’ RoB if any 

information was reported. To summarize the RoB overall for a study, allocation concealment, 

blinding of outcome assessment, and incomplete outcome data were carefully considered in 

order to classify each study as: 'low risk of bias' when all three criteria were met; 'high risk of 
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bias' when at least one criterion was unmet; and 'moderate risk of bias' in the remaining cases. 

Allocation concealment, blinding of outcome assessment, and incomplete outcome data were 

not expected to vary in importance across the pain intensity outcome, and therefore we 

summarized the RoB of each study. 

 

Measurement of treatment effects and missing data 

 

The ES of continuous pain data was based on SMD. Whenever possible, the final treatment 

mean score was used for calculation of the ES. Pain was analyzed with the total number of 

randomly assigned participants as denominators for final values.  

If a small number of studies provided insufficient information SD final values, these may be 

substituted with the mean values of SD obtained from all other reported studies investigating 

the same outcome measurement 154. Anyway, if all the required data cannot be extrapolated 

from the published article, attempts were made to contact the authors for additional 

information. Where this was not possible, studies were only described and NMA performed 

only for available data. 

 

Assessment of transitivity and geometry of the network 

The assumption of transitivity was assessed comparing the distribution of the above potential 

effect modifiers across the various pairwise comparisons. Then, the network of treatments 

based on the characteristics of the available studies was presented and evaluated graphically. 

In particular, the following aspects were evaluated: if there is a sufficient number of 

comparisons in the network with available direct data; if there is a high number of comparisons 

based on a single study; if there is any “closed loop” which allows testing agreement between 

direct and indirect estimates for comparison in the network; if any key treatment is missing; 
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and if the possible lumping of treatments is minimizing the clinical relevance of the review. 

Those information/consideration were used to assess the feasibility of a NMA.  

Multi-arm trials comparing three or more interventions were included. All the comparisons in 

which an intervention presented multiple co-interventions for the experimental group (e.g., 

mixed treatment: manipulation plus exercise versus waiting list controls) or for the control 

group (e.g., physiotherapy defined as, laser therapy, some physical exercise plus drugs taken 

as needed) were not considered to avoid inconsistency across trials. For these reasons the node 

usual care was admitted only if it was defined as usual management of the general medical 

practitioners (minimal intervention such as advice and/or drugs taken as needed).   

 

Data synthesis 

Direct estimates 

For every pairwise comparison between interventions, the SMD was calculated as the ES for 

pain scale measurements with its 95%CI.  

To evaluate the direct comparisons, we firstly performed conventional pairwise MAs for pain 

reduction using a random-effects model to incorporate the assumption that the different studies 

were estimating different, yet related, treatment effects 126. 

Statistical heterogeneity was investigated for each pairwise comparison by visual inspection of 

the relative forest plot as well as the I2 statistic, which provides an estimate of the percentage 

of variability due to the heterogeneity rather than a sampling error (Higgins 2009 handbook). 

For comparison with more than one study, we rated the presence of statistical heterogeneity as 

follows: an I² value of 25% to 49% indicates a low degree of heterogeneity, 50% to 75% a 

moderate degree of heterogeneity and more than 75% indicates a high degree of heterogeneity 

155. 
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Indirect and mixed estimates 

To estimate indirect and mixed comparisons, a NMA was performed using a random-effects 

model within a frequentist setting fitting a multivariate normal model 156 and summarizing the 

results using ESs and their credible intervals (CrI). This model was initially developed to 

synthesize jointly multiple outcomes and in NMA was adopted handling different comparisons 

as different outcomes. 

Assuming a common estimate for the heterogeneity variance across the different comparisons, 

correlations induced by multi-arm studies were accounted 157,158.   

Anyway, these models were enable us to estimate the probability that each intervention will be 

at each possible rank for each outcome, given the relative ESs as estimated in the NMA. The 

ranking probabilities for all treatments at each possible rank for each intervention for pain 

outcome, given the relative ESs estimated in the NMA, were estimated using the mvmeta 

command setting up to 8780 draws. Hierarchy using the Surface Under the Cumulative 

Ranking Curve (SUCRA) and mean ranks were obtained. SUCRA can also be expressed as a 

percentage of a treatment that can be ranked first without uncertainty 159.  

 

Assumptions when heterogeneity is estimated 

Since a few studies were expected to be included in each direct comparison (maximum four), 

a common heterogeneity variance for all direct comparisons was assumed in standard pairwise 

MAs. Then, a common estimate for the heterogeneity variance across different comparisons 

was also assumed in NMA. 

The presence of heterogeneity was statistically assessed for all direct pairwise comparisons 

using common τ2 and I2 statistics. 

Assessment of statistical heterogeneity in the entire network was based on the magnitude of 

the heterogeneity variance parameter (τ2) estimated by using NMA models 160. 
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Inconsistency assessment 

Any patient who met the inclusion criteria, in principle, was equally randomized to any of the 

eligible interventions. The model with and without the consistency assumptions were fitted 161. 

Inference about the presence of inconsistency from any source in the entire network was based 

on the design-by-treatment model proposed by Higgins 162. This method accounts for different 

sources of inconsistency that can occur when studies with different designs (two-arm trials 

versus three-arm trials) give different results and when there is disagreement between direct 

and indirect evidence. Using this approach we first tested inconsistency globally, testing all the 

inconsistency parameters using a global Wald test statistic, which under consistency follows a 

χ2 distribution 156.  Inconsistency and heterogeneity are interwoven; to distinguish between 

these two sources of variability, I2 for inconsistency was employed to measure the percentage 

of variability that cannot be attributed to random error or heterogeneity (Jackson 2014). 

To evaluate the presence of local inconsistency, we then used a loop-specific approach. This 

method evaluates the consistency assumption in each closed loop of the network separately, as 

the difference between direct and indirect estimates for a specific comparison (inconsistency 

factor) 163. Then, the magnitude of the inconsistency factors and their 95%CI were used to 

make inference about the presence of inconsistency in each loop. Assuming a common 

heterogeneity estimate within each loop, results were presented graphically in a forest plot 

using the ifplot command. 

However, to separates direct’ and ‘indirect’ trial-level evidence for a particular comparison (or 

node), a node-splitting method was applied and the results were compared 161. To estimate the 

inconsistency, the difference between indirect and direct estimates were calculated whenever 

indirect estimates could be constructed with a single common comparator 143. Inconsistency 

was defined as disagreement between direct and indirect evidence with a 95%CI of the 

difference excluding 0. 
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In case of significant inconsistency, the distribution of clinical and methodological variables 

that were suspected might be potential sources of either heterogeneity or inconsistency in every 

comparison-specific group of trials was investigated. 

Finally, the comparative efficacies between all treatments versus “placebo” as reference were 

estimated. All analysis were performed in Stata-IC 164 using the network and intervalplot 

commands 165-167,156. The graphic method proposed by Salanti et al. was adopted for the 

interpretation of the results from the NMA 159.  

 

Preliminary results 

 

Study selection 

 

After removing duplicates, the whole search strategy retrieved 6964 records. Reviewing the 

titles and abstracts, we discarded 6419 irrelevant citations. We examined the full text of the 

remaining 545 records of which 512 did not meet the inclusion criteria. Within this group, 252 

records included a different population (e.g, chronic pain), 138 different interventions (e.g., 

mixed treatments) or comparisons (e..g, exercise versus exercise), 21 different outcomes (e.g., 

cost-effectiveness), 40 non-RCT studies, 14 were further duplicates and 25 studies are still 

awaiting assessment (not able to retrieve full-text or awaiting translation). Finally 36 studies 

were included. For a further description of screening process and reasons for exclusion of trials, 

see the study flow diagram in Appendix 4. 

 

General characteristics  

A total of 36 trials were included accounting for 7111 participants. The sample size varied 

between 87 and 219 participants (median 117). The majority of studies involved acute (n=19 

trials) whereas a minority only subacute (n=9) or both acute and subacute patients (n=8). 

Twenty trials were multi-centric trials and 16 were single-center trials. Twenty-one of the trials 
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recruited participants from a Hospital or Clinic, 5 from an academic hospital, 4 from private 

practice, 1 in mixed setting and in 5 it was not stated. The median year of publication of the 

trials was 2003 (IQR 2000-2010). Table 13 summarized the characteristics of included studies.  

Because of the paucity of trials reporting findings in medium and long-terms, we analyzed only 

the network related to the short- term FU of treatments effect. 
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Table 13. General characteristics of included trials. 

StudyID Author Year Setting  Type of trial Population- stage of disease 

1 Casale168  1988 Hospital or Clinic Monocenter Acute LBP (less than 6 weeks) 

2 Eken169 2014 
Accademic 

hospiatal 
Monocenter Acute LBP (less than 6 weeks) 

3 Ketenci170 2005 
Accademic 

hospiatal 
Monocenter Acute LBP (less than 6 weeks) 

4 Hagen171 2010 Hospital or Clinic Monocenter Subacute LBP (6-12 weeks) 

5 Hindle172 1972 Not stated Monocenter Acute LBP (less than 6 weeks) 

6 Hsieh173 2002 Hospital or Clinic Monocenter Mixed (acute and subacute) 

7 Berry174 1988 Not stated Monocenter Acute LBP (less than 6 weeks) 

8 Jallema175 2005 Hospital or Clinic Multicenter Mixed (acute and subacute) 

9 Li176 2008 Hospital or Clinic Multicenter Subacute LBP (6-12 weeks) 

10 Linton177 2000 Hospital or Clinic Monocenter Subacute LBP (6-12 weeks) 

11 Little178 2001 Hospital or Clinic Multicenter Subacute LBP (6-12 weeks) 

12 Machado179  2010 Hospital or Clinic Multicenter Acute LBP (less than 6 weeks) 

13 Malmivaara180 1995 Mixed Multicenter Acute LBP (less than 6 weeks) 

14 Mayer181  2005 Hospital or Clinic Multicenter Mixed (acute and subacute) 

15 Moffett182 1999 Hospital or Clinic Multicenter Subacute LBP (6-12 weeks) 

16 Nadler183  2002 Hospital or Clinic Multicenter Subacute LBP (6-12 weeks) 

17 Nadler184 2003 Hospital or Clinic Multicenter Subacute LBP (6-12 weeks) 

18 Postacchini185 1988 Hospital or Clinic Multicenter Acute LBP (less than 6 weeks) 

19 Pozo-Cruz186 2012 University Multicenter Subacute LBP (6-12 weeks) 

20 Rabin187 2014 Private practice Multicenter Mixed (acute and subacute) 

21 Ralph188 2008 Hospital or Clinic Multicenter Acute LBP (less than 6 weeks) 

22 Roberts189 2002 Private practice Multicenter Acute LBP (less than 6 weeks) 

23 Schneider190 2015 
Accademic 

hospiatal 
Monocenter Mixed (acute and subacute) 

24 Seferlis191 1998 Hospital or Clinic Multicenter Acute LBP (less than 6 weeks) 

25 Shin192 2013 Hospital or Clinic Multicenter Acute LBP (less than 6 weeks) 

26 Staal193 2004 Private practice Monocenter Mixed (acute and subacute) 

27 Storheim194 2003 Not stated Monocenter Subacute LBP (6-12 weeks) 

28 Szpalski195 1994 Not stated Monocenter Acute LBP (less than 6 weeks) 

29 Takamoto196 2015 Hospital or Clinic Multicenter Acute LBP (less than 6 weeks) 

30 Wand197 2004 Hospital or Clinic Monocenter Acute LBP (less than 6 weeks) 

31 Whitfill198 2010 Not stated Monocenter Mixed (acute and subacute) 

32 Lindstrom199 1995 Private practice Monocenter Mixed (acute and subacute) 

33 Dreiser200 2003 Hospital or Clinic Multicenter Acute LBP (less than 6 weeks) 

34 Hasegawa201 2014 
Accademic 

hospiatal 
Monocenter Acute LBP (less than 6 weeks) 

35 Williams202 2014 Hospital or Clinic Multicenter Acute LBP (less than 6 weeks) 

36 Tuzun203 2003 Hospital or Clinic Multicenter Acute LBP (less than 6 weeks) 
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Risk of bias in included studies 

Figure 22 and Figure 23 summarized the RoB assessments. Regarding the overall RoB across 

studies (n=36), only 7 trials were at low RoB (19.5%). We categorized 55.5% of the studies as 

at unclear RoB (n=20) and 25% at high RoB (n=9). 

 

 

Figure 22. Percentage of studies for the overall RoB.  
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Figure 23. RoB assessment for each study included in the NMA. 
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Effect of interventions on pain intensity at short term FU 

Twenty-one RCTs reported the outcome at short term FU and included all necessary data. The 

majority of patients were defined as acute LBP except for 4 studies having mixed population 

(acute and subacute) and 4 exclusively in subacute phase. Median mean age was 38 years (min-

max: 34-41) and the average median proportion of men was 40%. Those figures were very 

similar across all interventions.  

Many different treatments were evaluated in the included studies. We included in a single node 

cognitive exercise and exercise, educational interventions (such as provided booklets) were 

included in the usual care node. We defined placebo, including both pharmacological placebo 

as well as sham therapies, as the common comparator against all active treatments. 

The duration of treatment ranged from 1 day to 7 weeks. The considered FU assessment was 

always the first after the end of treatment. However, because of the different duration of 

therapies, it encompassed different time-points. Six out of 21 studies (29%) were at low RoB, 

4 (19%) at high risk and 11 (52%) at unclear RoB.  

Among information collected from the trials, the variables considered as potential effect 

modifiers are summarized in table 14 (Year, Stage of LBP, Length of treatment, Week of FU, 

Pain instrument, ROB). In general, similarity of trials characteristics was guaranteed in terms 

of clinical and methodological features. Influence of the week of FU assessment was then 

investigated in the sensitivity analysis.  
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Table 14. Variables investigated as effect modifiers for transitivity assessment for included 

arms. 

ID Author Year 

 

Stage of 

LBP 
Treatments 

length of 

treatment   

Week 

of FU  

Pain 

instrument 
N 

 

RoB 

1 Eken169 2014 

Acute LBP 

(less than 6 

weeks) 

1.oppioid 

2.paracetamol 

3.fans 

 1 day 1 day VAS 0-100  137 

 

Unclear 

2* Hsieh173 2002 

Mixed 

(acute and 

subacute) 

1.manual 

therapy 

2.manual 

therapy 

3.exercise 

3  weeks 
3 

weeks 
VAS 0-10  148 

 

Unclear 

3 Li176 2008 

Subacute 

LBP (6-12 

weeks) 

1.myorelaxant 

drug 

2.oppioid 

1 week 
1 

week 
NRS-10 220 

 

Unclear 

4 Machado179 2010 

Acute LBP 

(less than 6 

weeks) 

1.usual care 

2.exercise 
3 weeks 

3 

weeks 
VAS 0-10 146 

 

Low 

5 Malmivaara180 1995 

Acute LBP 

(less than 6 

weeks) 

1.exercise 

2.usual care 

Not 

stated  

3 

weeks 
VAS 0-10 119 

 

Low 

6 Mayer181 2005 

Mixed 

(acute and 

subacute) 

1.heat wrap 

2.exercise 

3.education 

5 days  
1 

week 

6 points 

scale 
76 

 

Unclear 

7 Moffett182 1999 

Subacute 

LBP (6-12 

weeks) 

1.exercise 

2.usual care 
4 weeks 

6 

weeks 

Aberdeen 

back pain 

scale 0-100 

187 

 

Unclear 

8 Nadler183 2002 

Subacute 

LBP (6-12 

weeks) 

1.paracetamol 

2.NSAIDs 
 2 days 4 days 

6 points 

scale 
371  

 

Unclear 

9 Nadler184 2003 

Subacute 

LBP (6-12 

weeks) 

1.heat wrap 

2.placebo  
3 days  5 days 

6 points 

scale 
191 

 

High 

10 Rabin187 2014 

Mixed 

(acute and 

subacute) 

1.exercise 

2.manual 

therapy 

7weeks 
8 

weeks 
NRS 0-10 105 

 

High 

11* Schneider190 2015 

Mixed 

(acute and 

subacute) 

1.manual 

therapy 

2.manual 

therapy 

3.usual care 

4 weeks 
4 

weeks 
VAS 0-10 114 

 

Low 

12 Szpalski195 1994 

Acute LBP 

(less than 6 

weeks) 

1.NSAIDs 

2.placebo 
2 weeks 

2 

weeks 
VAS 0-10 73 

 

Unclear 

13* Takamoto196 2015 

Acute LBP 

(less than 6 

weeks) 

1.manual 

therapy 

2.placebo  

3.massage 

2 weeks 
1 

month 
VAS 0-100 63  

 

High  

14 Wand197 2004 

Acute LBP 

(less than 6 

weeks) 

1.exercise 

2.usual care 
6 weeks 

6 

weeks 
VAS 0-10 102 

 

High 
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15* Williams202 2014 

Acute LBP 

(less than 6 

weeks) 

1.paracetamol 

2.paracetamol 

3.placebo 

 4 weeks  
4 

weeks 
VAS 0-10  

1641

  

 

Low 

16 Tuzun203 2005 

Acute LBP 

(less than 6 

weeks) 

1.myorelaxant 

2.placebo 
 5 days 5 days VAS 0-100 143 

 

Low 

17* Dreiser200 2003 

Acute LBP 

(less than 6 

weeks) 

1. NSAIDs 

2. NSAIDs 

3. placebo 

1 week 
1 

week  
VAS 0-100 369 

 

Unclear 

18* Ketenci170 2005 

Acute LBP 

(less than 6 

weeks) 

1.myorelaxant 

2.myorelaxant 

3.placebo  

1 week  
1 

week  
VAS 0-100 97 

 

Unclear 

19 Berry174 1988 

Acute LBP 

(less than 6 

weeks) 

1.myorelaxant 

2.placebo  
1 week 

1 

week 
VAS 0-100  113 

 

Unclear  

20 Hasegawa201 2014 

Acute LBP 

(less than 6 

weeks) 

1.acupuncture 

2.placebo 
1 week 

1 

week 
VAS 0-10 80 

 

Unclear  

21 Shin192 2013 

Acute LBP 

(less than 6 

weeks) 

1.acupuncture 

2.NSAIDs 
1 week 

2 

weeks 
NRS 0-10 58 

 

Low 

*Studies including at least 2 out of 3 arms with the same intervention have been managed 

following the Cochrane Handbook 154. They contributed to the network accounting for a total 

number of 27 studies.  Full data are available in Appendix 5. 

 

 

Network plot 

Figure 24 shows a graphical representation of the network. Nodes and edges were weighted 

according to the number of studies including the respective treatments and comparisons. Pain 

intensity data were available at 1 month of FU for an overall of 10 interventions.  

The following treatments were identified: usual care, non-steroids anti-inflammatory drugs, 

acupuncture, exercise, heat wrap, manual therapy, muscle relaxant, opioid, paracetamol, 

placebo. The most studied comparison was the placebo (n=13), followed by exercise (n=8), 

manual therapy (n=7), usual care (n=7), NSAIDs (n=6), muscle relaxant drug (n=5), 

paracetamol (n=4), heat wrap (n=3), acupuncture and opioid (n=2 each one). Figure 25 shows 

the network according to the RoB assessment. There are two comparisons at low RoB 

(paracetamol vs placebo and manual therapy vs usual care) and two at high risk (manual 

therapy vs placebo and heat wrap vs placebo). All the remaining are unclear. 
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Figure 24. Network plot.  

The size of the nodes is proportional to the number of studies evaluating each intervention, and 

the thickness of the edges is proportional to the precision (the inverse of the variance) of each 

direct comparison.  
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Figure 25. Network plot for RoB assessment. 

Colored edges presented the RoB for each direct comparison in the network. Green, yellow 

and red colors are being used to denote pairwise MAs of low, unclear and high RoB.  

 

Pairwise comparisons 

The most studied comparison was the exercise versus usual care followed by muscle relaxant 

drug versus placebo. The only statistically significant pairwise comparisons were: manual 

therapy versus exercise (0.32; 95%CI 0.06, 0.58, I2 =0), NSAIDs versus placebo (-0.46; 95%CI 

-0.66, -0.27, I2=0), muscle relaxant drugs versus placebo (-1.06; 95%CI -1.88, -0.23, I2=91) 

and manual therapy versus placebo (-1.29; 95%CI -1.85, -0.72, I2=0). Figure 29 shows the 

available pairwise comparisons (Figure 26).  

For most comparisons 95% confidence intervals for statistical heterogeneity were wide and 

point estimates included values suggesting either no or large heterogeneity, which reflects the 

small number of studies available for most pairwise comparisons.  
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Figure 26. Pairwise comparisons in acute LBP trials. 
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Inconsistency assessment 

We tested inconsistency using the design-by-treatment interaction model (White 2011) 

approach. We first tested it globally and we found no evidence of inconsistency (p=0.4181, 

χ
2
=8.16 on 8 df). We then examined inconsistency for each loop. We found 8 triangular and 4 

quadratic loops. Four out of 12 loops were inconsistent, with an inconsistency factor (IF) 

significantly greater than 0 (Figure 27). However, since any individual comparison may be 

involved in several loops, we examined all of the indirect sources of the evidence at once in 

order to compare direct with the indirect evidence from the whole of the rest of network, 

making use of all (indirect) loops that connect two interventions in the comparison, using the 

network sidesplit STATA command. Direct evidence estimates were consistent with indirect 

evidence in every comparison (Table 15). We could not identify any important variable that 

differed across comparisons in those loops, but the number of included studies was very small 

in the inconsistent loops.  



113 
 

 

Figure 27. Consistency of loops. 

Table 15. Analysis of inconsistency for every comparison. 

 

 

 

τ
2

Coef. Std.Err. Coef. Std.Err. Coef. Std.Err. P

placebo NSAIDs -0.42 0.33 -0.14 0.39 -0.28 0.51 0.58 0.54

placebo acupuncture -0.30 0.57 -1.16 0.65 0.87 0.86 0.32 0.53

placebo heat wrap 0.56 0.56 0.24 0.44 0.33 0.71 0.65 0.54

placebo manual therapy -1.29 0.45 0.11 0.66 -1.40 0.80 0.08 0.50

placebo muscle relaxant -1.02 0.31 -0.73 0.79 -0.29 0.84 0.73 0.54

placebo paracetamol 0.02 0.38 -0.51 0.41 0.53 0.56 0.34 0.53

NSAIDs acupuncture -0.78 0.59 0.08 0.63 -0.87 0.86 0.32 0.53

NSAIDs heat wrap 1.08 0.55 0.33 0.50 0.75 0.74 0.31 0.53

NSAIDs opioid -0.61 0.58 -0.27 0.63 -0.34 0.86 0.69 0.54

NSAIDs paracetamol -0.05 0.40 0.28 0.49 -0.32 0.63 0.61 0.54

exercise heat wrap 0.25 0.55 2.00 0.55 -1.75 0.78 0.02 0.47

exercise manual therapy 0.32 0.31 -0.74 0.41 1.06 0.51 0.04 0.48

exercise usual care 0.10 0.24 1.00 0.52 -0.89 0.57 0.12 0.51

heat wrap paracetamol -0.76 0.56 -0.41 0.54 -0.35 0.78 0.65 0.54

heat wrap usual care -0.69 0.61 -1.06 0.62 0.37 0.87 0.67 0.54

manual therapy usual care 0.61 0.43 0.11 0.38 0.50 0.57 0.38 0.53

muscle relaxant opioid 0.10 0.56 0.39 0.63 -0.29 0.84 0.73 0.54

opioid paracetamol 0.18 0.57 1.00 0.65 -0.83 0.86 0.34 0.53

Direct effect Indirect effect Direct-Indirect effect
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Network meta-analysis  

As there was no evidence of global inconsistency, a consistency model was fitted. The 

statistical significant interventions for acute LBP were the muscle relaxant drugs against the 

placebo (-0.98; 95%CI -1.52, -0.43) followed by manual therapy (-0.84; 95%CI -1.61, -0.08). 

Opioid and acupuncture were borderline significant. Figure 28 summarizes the results of the 

NMA for the outcome measure of pain in the short-term for all trials.  Table 16 presents the 

overall probabilities to be the best treatment. Provided hierarchies of ES on pain intensity. 

Interventions are ordered according to pain intensity ranking. For pain intensity, a SMD below 

0 favor the column defining treatment.  To obtain SMDs for comparisons in the opposite 

direction, negative values should be converted into positive values, and vice versa.  

 

 

Figure 28. NMA for pain intensity at short-term of FU, all interventions against placebo. 
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Table 16. Multiple treatments meta-analysis, overall probabilities.  

Comparisons between treatments should be read from left to right and the estimate is in the cell in common between the column defining 

treatment and the row defining treatment. 

 

 

usualcare 0.51 (-0.34,1.35) 0.29 (-0.67,1.24) -0.25 (-1.39,0.89) -0.47 (-1.47,0.53) -0.34 (-0.89,0.22) 0.87 (0.04,1.71) -0.26 (-0.71,0.18) -0.17 (-1.35,1.00) 0.20 (-0.73,1.14)

-0.51 (-1.35,0.34) placebo -0.22 (-0.76,0.32) -0.76 (-1.55,0.04) -0.98 (-1.52,-0.43) -0.84 (-1.61,-0.08) 0.36 (-0.30,1.03) -0.77 (-1.60,0.06) -0.68 (-1.52,0.16) -0.31 (-0.79,0.18)

-0.29 (-1.24,0.67) 0.22 (-0.32,0.76) paracetamol -0.54 (-1.37,0.30) -0.76 (-1.49,-0.03) -0.62 (-1.52,0.27) 0.59 (-0.16,1.33) -0.55 (-1.50,0.39) -0.46 (-1.41,0.50) -0.09 (-0.68,0.51)

0.25 (-0.89,1.39) 0.76 (-0.04,1.55) 0.54 (-0.30,1.37) oppioid -0.22 (-1.02,0.58) -0.09 (-1.17,1.00) 1.12 (0.14,2.10) -0.02 (-1.14,1.11) 0.08 (-1.04,1.19) 0.45 (-0.37,1.27)

0.47 (-0.53,1.47) 0.98 (0.43,1.52) 0.76 (0.03,1.49) 0.22 (-0.58,1.02) muscle relaxant 0.13 (-0.80,1.07) 1.34 (0.50,2.18) 0.21 (-0.78,1.19) 0.30 (-0.69,1.29) 0.67 (-0.02,1.37)

0.34 (-0.22,0.89) 0.84 (0.08,1.61) 0.62 (-0.27,1.52) 0.09 (-1.00,1.17) -0.13 (-1.07,0.80) manual therapy 1.21 (0.39,2.03) 0.07 (-0.44,0.59) 0.16 (-0.96,1.29) 0.54 (-0.33,1.41)

-0.87 (-1.71,-0.04) -0.36 (-1.03,0.30) -0.59 (-1.33,0.16) -1.12 (-2.10,-0.14) -1.34 (-2.18,-0.50) -1.21 (-2.03,-0.39) heat wrap -1.14 (-1.96,-0.31) -1.04 (-2.08,-0.01) -0.67 (-1.39,0.05)

0.26 (-0.18,0.71) 0.77 (-0.06,1.60) 0.55 (-0.39,1.50) 0.02 (-1.11,1.14) -0.21 (-1.19,0.78) -0.07 (-0.59,0.44) 1.14 (0.31,1.96) exercise 0.09 (-1.07,1.26) 0.47 (-0.45,1.38)

0.17 (-1.00,1.35) 0.68 (-0.16,1.52) 0.46 (-0.50,1.41) -0.08 (-1.19,1.04) -0.30 (-1.29,0.69) -0.16 (-1.29,0.96) 1.04 (0.01,2.08) -0.09 (-1.26,1.07) acupuncture 0.37 (-0.47,1.22)

-0.20 (-1.14,0.73) 0.31 (-0.18,0.79) 0.09 (-0.51,0.68) -0.45 (-1.27,0.37) -0.67 (-1.37,0.02) -0.54 (-1.41,0.33) 0.67 (-0.05,1.39) -0.47 (-1.38,0.45) -0.37 (-1.22,0.47) NSAIDs
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Ranking of treatments 

Rank probability indicating the possibility of each intervention being the best (1) and then the 

worst (0) are presented in table 17.  Figure 29 shows the cumulative probability rank of the 

greatest likelihood of being the efficacious treatment for acute LBP. Muscle relaxant drugs 

(34.5%) ranked the first, the second was manual therapy (18.8%) and the last was the heat wrap 

(0%).  

 

Table 17. Rank probabilities. 

Treatment SUCRA PrBest MeanRank 

    

placebo 16 0 8.6 

NSAIDs 38.2 0.1 6.6 

exercise 70.7 13.5 3.6 

acupuncture 63.2 15.4 4.3 

heat wrap 3.3 0 9.7 

manual therapy 76 18.8 3.2 

muscle relaxant 83 34.5 2.5 

oppioid 68.4 16 3.8 

paracetamol 32.3 0.2 7.1 

usual care 48.8 1.4 5.6 
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Figure 29. SUCRA Cumulative Probabilities. 
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Sensitivity analysis 

The sensitivity analysis was performed by excluding studies with time point assessment < 1 

week. Accordingly, we excluded 4 studies running the analyses only for treatments 

approximately ranging from 1 week to 1 month. Again, we did not found inconsistency. The 

effectiveness of treatments slightly change: the effect of acupuncture become significantly 

greater than placebo (-1.34; 95%CI -2.47, -0.21), together with the confirmed manual therapy 

(-1.28; 95%CI -2.25, -0.31) and muscle relaxant (-1.01; 95%CI -1.75, -0.27). Those 

interventions are the most efficacious interventions for acute and subacute LBP. Sensitivity 

analysis is shown in figure 30.   

 

 

Figure 30. Sensitivity analysis.  

 

  



119 
 

Discussion of multiple interventions for acute LBP 

 
In our NMA we compared all available evidence-based treatments for LBP and found that 

muscle relaxant drugs, followed by manual therapy, are the most efficacious treatments for 

reducing pain intensity at short term of FU. Muscle relaxant results are sustained from a recent 

SR studying their effects on LBP 204. High quality evidence coming from five trials (n = 496 

participants) declared muscle relaxants statistically significant against placebo for pain relief 

in the short-term (MD 21.3, 95%IC 29.0, 13.5) for acute LBP. However, authors called for 

caution with the interpretation of the findings as the evidence comes from specific muscle 

relaxant medicines (i.e., thiocolchicoside) 204. We cannot compare our results for manual 

therapy with the recent published SRs 205 since interventions and comparator were not similar 

to ours. In particular, authors studied only spinal manipulation whereas in our network all 

manual therapy techniques were combined together for clinical as well as methodological 

reasons. In fact, in clinical setting often manipulations are administrated with manual therapy. 

In addition, lumping spinal manipulations and manual therapy techniques we increased the 

statistical power of manual therapy node.  

For all other treatments, the 95% CI crossed the line of non-difference against placebo (or no 

treatment). This results was partially in contrast to the actual guidelines. Till now, eleven 

publish guidelines were found in LBP 206 and many inconsistencies were present between them 

207. For example, O’Connell et al. found that the Canadian guidelines advocate the use of 

tricyclic antidepressants and acetaminophen whereas the NICE guidelines only recommends 

to consider the use of NSAIDs, and if NSAIDs are ineffective, contraindicated or not tolerated, 

consider aweak opioid, with or without paracetamol for acute back pain. Furthermore, the 

actual American College of Physicians guideline published in 2017 208 sustained non-

pharmacologic treatment with superficial heat (moderate-quality evidence), massage, 
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acupuncture, or spinal manipulation (low-quality evidence). If pharmacologic treatment is 

desired, NSAIDs or muscle relaxants (moderate-quality evidence).  

The difference between our investigation and the published guidelines could be found in the 

eligibility criteria of selected trials. We considered only patients with non-specific acute and 

sub-acute LBP (e.g., no sciatica) performing “pure” treatments, excluding all co-interventions 

(e.g., exercise plus NSAIDs), in order to be more conservative about the best available evidence 

preventing clinical and methodological intransitivity. 

Unfortunately, in our study selection process we found that a large part of published trials 

comprised mixed interventions (both in pharmacological and non-pharmacological treatments) 

and they were excluded. For the remaining trials (n=36), the interventions were several and we 

grouped some of them into predefined nodes. However, for many direct and indirect 

comparisons evidence comes from a very limited number of studies (n=21) due to incomplete 

reporting of outcome data. Assessing the presence of clinical and methodological transitivity, 

we studied the pairwise comparisons and we found a certain amount of heterogeneity among 

studies within a direct comparisons. This is acceptable, as long it may be assumed that their 

treatment effects share a common mean, and it may even increase generalizability 141.  Since 

no global evidence of inconsistency between direct and indirect comparisons was found, we 

conclude that the muscle relaxant drugs have the 34.5% of probabilities to be the best treatment 

for acute and sub-acute LBP.   
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GENERAL CONCLUSION 
 
 
Since the widespread use in clinical practice of treatments with no evidence of a beneficial 

effect wastes the limited health care resources and can harm patients, it is imperative that 

healthcare professionals involved in the care of people with non-specific LBP have access to 

up-to-date, evidence based information to assist them. At present, clinical practice treatment 

for back pain does not align with the available research evidence 209. Even if abundant literature 

is produced around LBP interventions, only a small proportion is in line with EBM principles 

and often sound scientific evidences do not translate in clinical decision making. During the 

PhD, I investigated three fundamental aspects for KT.  

First, the reporting of the essential elements was investigated (sample size, intervention and 

outcome assessment) in LBP rehabilitation trials and a poor reporting was found, preventing 

replication of many interventions in clinical practice. A further obstacle for translation research 

into practice is the interpretation of the results only in terms of statistical significance. In this 

thesis it was shown how results could change if they are presented in term of clinical relevance.  

A third issue is represented by a partial vision of the clinical problem when combining primary 

studies in systematic reviews and meta-analyses, which  test only a pair of treatments at a time. 

Their conclusions on relative efficacy are limited to the pair of evaluated treatments whereas 

NMAs provide a more complete scenario of available treatments, allowing to establish the 

efficacy of an intervention relative to all other available treatments. Clinicians, researchers and 

all stakeholder in LBP rehabilitation field needs to be aware that improving reporting of RCTs, 

considering the produced clinical evidence in making clinical decision and valuing results 

coming by multiple comparisons meta-analysis will help to translate the (best) research 

evidence into practice.   
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Appendix 
 

Appendix 1. Study selection of studies reporting sample size calculation in LBP rehabilitation 

interventions. 
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Appendix 2. Study selection of studies reporting intervention and outcome assessment in LBP 

rehabilitation interventions. 
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Appendix 3. Study selection of studies reporting clinical relevance in LBP rehabilitation 

interventions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

SRs screened after 
duplicates removed  

(n = 61) 

SRs assessed for 
eligibility 
(n= 20)  

Records excluded because outside 
topics of the study (n= 43): 
-Education or prevention 
-Pregnancy 
-Diagnosis/prognosis 
-Withdrawn 
-Surgery 

 

RCTs assessed for 
eligibility 
(n=105) 

Cochrane SRs identified through 
Cochrane Database searching  

(n = 61) 

Studies included in 
qualitative synthesis 

(n=42) 

 

Full text excluded (n=63): 
-Language (n=2) 
-Duplicates (n=4) 
-Irretrievable (n=13)  
- MID and SS not reported (n=27) 
-SS not reported (n=1) 
-MID not reported (n=3) 
-SD not MID (n=1) 
-Effect size not MID (n=2) 
-Graphics, impossible to find data 
(n=4) 
- Reported mean and interquartile 
range (n=2) 
- MID calculated after the 
intervention (n=2) 
-MID calculated intra-group (n=1) 
-Regression mode (n=1)  
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Appendix 4. Study selection of NMA in acute and subacute LBP. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Records identified 
through MEDLINE 

(PubMed) searching 
(n = 3401) 

Records after Endnote and coevidence 
duplicates removed 

(n =6964) 

Records screened 
(n =6964) 

Studies irrelevant 
(n =6419) 

Full-text articles assessed 
for eligibility 

(n=545) 

Full-text articles excluded, with 
reasons: 
(n =512) 

249 Wrong patient population 
138  Wrong intervention  
21  Wrong outcomes  
25 Wrong study design  
17 SRs/LG 
9  protocol  
10  poster conference  
4  letter/author reply  
14 duplicate  
25 awaiting assessment  

 

Studies included in 
qualitative synthesis 

(n = 33) 

Studies included in 
quantitative  

synthesis within 1 month 
of follow-up 

(n =21) 
 

Records identified 
through EMBASE 

searching 
(n = 3901) 

Records identified 
through CENTRAL 

searching 
(n = 2114) 

Included studies coming 
from 11 SRs 

(n =3) 

Studies included in 
qualitative synthesis 

(n = 36) 
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Appendix 5. Dataset of the network pain intensity in acute and subacute LBP. 

 
 

study id author year treatment n mean sd 

1 Eken 2014 paracetamol 46 19 22.4 

1 Eken 2014 NSAIDs 46 27.6 20.4 

1 Eken 2014 oppioid 45 15.5 16 

2 Hsieh1 2002 manual therapy 49 2.58 1.93 

26 Hsieh2 2002 manual therapy 51 2.78 1.82 

2 Hsieh1 2002 exercise 24 2.13 1.28 

3 Li 2008 myorelaxant 110 2.8 1.9 

3 Li 2008 oppioid 110 3 2.2 

4 Machado 2010 usual care 73 2.3 0.3 

4 Machado 2010 exercise 73 2 0.2 

5 Malmivaara 1995 exercise 52 3.1 1.7 

5 Malmivaara 1995 usual care 67 1.9 1.7 

6 Mayer 2005 heat wrap 25 2.3 1 

6 Mayer 2005 exercise 25 1.96 1.5 

6 Mayer 2005 usual care 26 1.37 1.44 

7 Moffett 1999 exercise 89 16.35 9.9 

7 Moffett 1999 usual care 98 16.53 9.9 

8 Nadler 2002 heat wrap 113 2.61 0.87 

8 Nadler 2002 paracetamol 113 1.95 0.87 

8 Nadler 2002 NSAIDs 106 1.68 0.84 

9 Nadler 2003 heat wrap 95 2.5 1.55 

9 Nadler 2003 placebo 96 1.56 1.76 

10 Rabin 2014 exercise 48 2.4 1.8 

10 Rabin 2014 manual therapy 57 3.1 2.5 

27 Schneider 2015 manual therapy 37 1.9 1.5 

12 Schneider 2015 manual therapy 37 3.3 2 

27 Schneider 2015 usual care 20 3.8 2.4 

13 Szpalski 1994 NSAIDs 37 0.56 1.14 

13 Szpalski 1994 placebo 36 0.79 1.09 

15 Wand 2004 exercise 50 2.4 2 

15 Wand 2004 usual care 52 3.3 2.5 

16 Williams 2014 paracetamol 550 1.7 2.3 

16 Williams 2014 placebo 272.5 1.7 2.3 

17 Williams 2014 paracetamol 546 1.8 2.4 

17 Williams 2014 placebo 272.5 1.7 2.3 

18 Tuzun 2005 myorelaxant 74 25 21 

18 Tuzun 2005 placebo 69 47 20 

19 Dreiser 2003 NSAIDs 124 23.7 20.21* 

20 Dreiser 2003 NSAIDs 122 22.9 20.21* 

19 Dreiser 2003 placebo 61.5 33.9 20.21* 

20 Dreiser 2003 placebo 61.5 33.9 20.21* 

21 Ketenci 2005 myorelaxant 38 6.3 11.7 

21 Ketenci 2005 placebo 13.5 47.3 27.9 

22 Ketenci2 2005 myorelaxant 32 18.6 16.6 
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22 Ketenci2 2005 placebo 13.5 47.3 27.9 

23 Berry 1988 myorelaxant 59 19 23.2 

23 Berry 1988 placebo 54 19 22.9 

24 Hasegawa 2014 acupuncture 40 2.58 2.3 

24 Hasegawa 2014 placebo 40 3.3 2.47 

25 Shin 2013 acupuncture 29 2.5 1.83* 

25 Shin 2013 NSAIDs 29 3.95 1.83* 

26 Hsieh2 2002 exercise 24 2.13 1.28 

12 Schneider 2015 usual care 20 3.8 2.4 

28 Takamoto 2015 manual therapy 11.5 5 20.21* 

28 Takamoto 2015 placebo 21 31 20.21* 

29 Takamoto2 2015 placebo 19 32.4 20.21* 

29 Takamoto2 2015 manual therapy 11.5 5 20.21* 

*Imputed SD 
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