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Abstract
Purpose  To determine: (1) the smallest change in function patients would need to see following a self-management interven-
tion for low back pain (LBP) to consider it worthwhile; (2) the association between patient-related factors and the magnitude 
of the smallest worthwhile change.
Methods  A cross-sectional analysis of 212 participants of the TEXT4myBACK randomised trial was conducted. At baseline, 
participants nominated the smallest change in function (0–30 scale) following a self-management program they would need 
to reach to consider it worthwhile. A multivariate regression model estimated the effects of demographic, comorbidities, 
lifestyle and LBP-related factors on the smallest worthwhile change estimates.
Results  On average, people with LBP need to experience an improvement of at least 9.4 points (SD: 5.7) in function to 
consider a self-management intervention worthwhile. Only baseline function severity was significantly associated with the 
smallest worthwhile estimate (−0.60; 95%CI  − 0.76,  − 0.44).
Conclusion  On average, an improvement of 9.4 points (or 31%) in function is considered by people with LBP as the small-
est change that makes self-management worthwhile. Those with lower levels of function needed to experience greater 
improvements.

Keywords  Sufficiently important difference · Low back pain · Self-management · Function

Introduction

Randomised controlled trials are conducted to establish the 
effectiveness of different interventions on various health 
outcomes [1]. Analysis of the effects of interventions may 
include null hypothesis testing and estimation of the size 
of the effect [1]. However, the effect of an intervention on 
an outcome of interest may be statistically significant when 
compared to a control intervention, but fail to reach clinical 
relevance or significance [1].

Arguably, the definition of clinical significance should be 
based on judgements of healthcare consumers and should be 
specific to the intervention of interest [2]. It should also be 
elicited in a way that allows its users to appraise treatment 
effects, i.e. the differences in outcomes between the inter-
vention of interest and the control intervention [3]. Since the 
smallest worthwhile effect is specific to a population and an 
intervention, it would be arguably randomised controlled 
trial-specific too. Randomised controlled trials investigate 
the effects of one intervention (with varied characteris-
tics) compared to a control intervention on a population 
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of specific clinical and demographic characteristics, and 
therefore require a specific smallest worthwhile effect. In 
the absence of trial-specific estimates, most researchers will 
refer to existing estimates, a commonly used one being the 
minimal clinically important difference or minimal clini-
cally important improvement. These estimates are elicited 
by anchor-based approaches by associating a change in the 
outcome with some other subjective assessment of improve-
ment, such as the global rating scale [2, 4]. The threshold for 
eliciting the minimal clinically important change, however, 
is chosen by researchers and not patients [2, 5]. Therefore, 
these methods have been criticised for omitting the perspec-
tive of patients or consumers and failing to account for the 
specific risks, costs and inconveniences of an intervention 
in the estimating process [2].

Other methods have been used in an attempt to estimate 
thresholds of clinical significance for the effects of interven-
tions, such as the benefit-harm trade-off approach [5] and 
discrete choice experiments [6]. These methods have been 
recommended as gold-standard methodologies to estimate 
the threshold of clinical significance of treatment effects as 
they allow researchers to elicit—based on consumers' per-
spectives—the smallest difference in an outcome between an 
intervention and a control, that would make that intervention 
worth its risks, costs and inconveniences [3]. However, there 
are some barriers to using these approaches, including time 
and resource commitments.

In the attempt of overcoming past limitations, we have 
employed a modified benefit-harm trade-off approach that 
is simpler and less burdensome to the participant (than the 
methodology used to elicit the smallest worthwhile effect) 
and could be incorporated into the data collection process 
of randomised trials. A short question added to the baseline 
survey of a randomised clinical trial can be used to elicit the 
smallest worthwhile change from the participants’ perspec-
tive. This question would explain the possible risks, harms 
and inconveniences expected from the intervention and ask 
participants which would be the smallest change or improve-
ment in a health outcome they would need to reach at the end 
of the intervention to consider it worthwhile. It would allow 
a fast way to elicit the smallest worthwhile change that could 
be used in a responder analysis.

Thus, this study aimed to: (1) estimate the smallest worth-
while change needed for a self-management intervention 
consisting of text messages for non-persistent, non-specific 
low back pain to be considered worthwhile; (2) investigate if 
demographic characteristics, comorbidities, lifestyle factors 
and low back pain clinical characteristics were associated 
with the magnitude of the smallest worthwhile change. We 
have used data from the TEXT4myBACK trial [7]. TEXT-
4myBACK is a randomised controlled trial investigating 
the effects of a self-management text message intervention 
compared to control on function of people with non-specific, 

non-persistent low back pain [7]. The TEXT4myBACK clin-
ical trial was approved by the Northern Sydney Local Health 
District Ethics Committee in Australia (ETH 13895) [7].

Material and methods

This study is a cross-sectional analysis of baseline data from 
212 participants of the TEXT4myBACK randomised con-
trolled trial [7]. Community-dwelling adults with low back 
pain living in Australia were invited to participate in the 
TEXT4myBACK clinical trial [7]. People aged 18 years or 
older who had an episode of non-specific low back pain for 
less than 12 weeks, with or without the presence of leg pain, 
had pain classified at least as ‘moderate’ on the SF-12 pain 
scale [8] and had familiarity with the use and access to, a tel-
ephone that can receive text messages were included. Preg-
nant women, people who had spinal surgery within the pre-
ceding year or symptoms that could indicate radiculopathy 
or a serious spinal pathology, co-morbid health conditions 
that prevented active participation in physical activity pro-
grams, inadequate English to understand the text messages 
or complete the study surveys or any disorder that reduced 
their ability to understand and give informed consent were 
excluded.

People who met the criteria and signed the online con-
sent form were included in the TEXT4myBACK trial. Par-
ticipants completed an online questionnaire in the REDCap 
software [9], which included questions on demographic 
characteristics, comorbidities, low back pain clinical pro-
file, pain intensity, function, physical activity participation, 
sedentary behaviour, and eHealth literacy.

Physical function was assessed with the Patient-Specific 
Functional Scale [10]. Each participant was asked to name 
three important activities they were unable to do or had 
difficulties in performing due to their low back pain. They 
scored each activity using a numerical rating scale from 0 to 
10, where 0 meant unable to perform activity and 10 meant 
able to perform activity at the pre-injury level. The scores 
were summed, and their individual total function score was 
presented (ranging from 0 to 30 points).

Following this question in the baseline survey, each 
participant was asked to nominate the smallest score on 
this function scale they would need to achieve to con-
sider a self-management intervention worthwhile. A 
short description of self-management along with costs 
and inconveniences was provided (Box  1). However, 
some intervention attributes (such as the number of text 
messages being sent, their frequency and time) were kept 
from participants to ensure blinding once randomised.



3274	 European Spine Journal (2023) 32:3272–3279

1 3

Predictors

Demographic characteristics (i.e., age, gender and edu-
cational level), comorbidities, lifestyle factors (i.e., self-
reported sleep issues and sedentary behaviour) and low 
back pain clinical profile (i.e., pain intensity, function, 
presence of leg pain, pain duration and quality of life) 
were prospectively chosen as predictors. Comorbidities 
were assessed with the Self-Administered Comorbidity 
Questionnaire [11]. Sleep issues were self-reported dif-
ficulty in falling asleep or waking up at night. Sedentary 
behaviour was assessed with the Sedentary Behaviour 
Questionnaire [12]. Pain intensity was assessed as the 
average pain intensity in the previous week on a 0–100 
visual analogue scale, where 0 was no pain and 100 was 
the worst pain ever [13]. Quality of life was evaluated 
with the ED-5Q-5L questionnaire [14].

Statistical analysis

Power analysis

Sample size calculations were conducted with G*Power 
software (version 3.1.9.2) to ascertain study power. Based on 
a priori sample size calculation, a minimum sample of 178 
participants would be required to assess the association of 
eleven predictors with the estimates of smallest worthwhile 
change, with power of 0.95 at an alpha error level of 0.05.

Data analysis

Baseline demographic data and the distribution of the small-
est worthwhile change of participants of both groups will be 
presented by central tendency (mean and median) and vari-
ability (standard deviation—SD, 25th and 75th percentile or 
range). Missing data or drop-outs were not included in the 
analyses, as they would not represent individualised values.

A multiple linear regression model was used to quantify 
the effect of the predictors on the magnitude of the small-
est worthwhile change scores, and 95% confidence inter-
vals were calculated. The assumptions of the linear model 
were assessed by performing residual analysis. The modi-
fied Breusch–Pagan (BP) test for heteroscedasticity was 
used to assess the assumption of constant error variance. 
If the results of the BP test indicated non-constant error 
variance, robust heteroscedastic consistent standard errors 
were used. The normality of the error was assessed with 
Q–Q plots and Kolmogorov–Smirnov test based on model 
residuals. Standardised residuals greater than the absolute 
value of 2.0 were considered outliers for secondary anal-
ysis. If outliers were detected, a secondary multivariate 
linear model was conducted without the outliers. Partial 
eta squared (η2) measures the proportion of the total vari-
ance in the outcome explained by an independent variable 
and after accounting for the variance explained by other 
variables in the model. Partial eta squared was considered 
to interpret the magnitude of the effect of each predictor, 

Box 1   Smallest worthwhile 
change question
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where η2 = 0.02 was considered small, η2 = 0.13 as mod-
erate and η2 = 0.26 as large effect [15]. All the statistical 
analyses were performed at a 0.05 level of significance 
(p < 0.05) using the SPSS software (version 28).

Results

The demographic characteristics, general health and low 
back pain clinical profile of the 212 participants included in 
the current study are presented in Table 1. Data from further 
five participants were available but could not be included 
in the analysis since they misunderstood either the func-
tion (n = 2) or the smallest worthwhile change questions 

(n = 3) and could not be contacted to correct them. Figure 1 
presents the frequencies of the smallest worthwhile change 
scores. On average, the improvement that participants would 
need to achieve to consider a self-management text mes-
sage intervention worthwhile was 9.4 points (SD: 5.7; range 
0–30), representing 31% of the total function score and 82% 
of participants’ mean function score at baseline. 25%, 50% 
and 75% of the sample (25th percentile, median and 75th 
percentile) would need to achieve an improvement of at least 
5.3, 9.0 and 12.0 points on the 0–30 scale, respectively, to 
consider the intervention to be worthwhile. These changes 
represent improvements of 18%, 30% and 40% of the total 
function score, respectively.

Table 1   Demographic and 
clinical characteristics of 
participants

SD Standard deviation, IQR Interquartile range, PA Physical activity, mod-vig Moderate or vigorous
*Self-reported difficulties to fall asleep or waking up at night

Participants’ characteristics, No. (%) All participants (n = 212)

Sociodemographic characteristics
 Age, mean (SD) [IQR], y 59.8 (13.2) [51.0–59.0]
 BMI, mean (SD) [IQR] kg/m2 27.6 (5.9) [17.9–27.7]
 Female sex 120 (56.6%)
 Educational level
  Senior high school or below 30 (14.1%)
  Certificate III/IV, diploma/advance diploma 55 (26.0%)
  Bachelor’s degree 50 (23.6%)
  Post-graduate diploma/graduate certificate 31 (14.6%)
  Masters, PhD or other 46 (21.7%)

 Employment status
  Unemployed 15 (7.0%)
  Part-time 43 (20.3%)
  Full-time 58 (27.3%)
  Volunteer 19 (9.0%)
  Studying 4 (1.9%)
  Full-time carer 8 (3.8%)
  Retired 57 (26.9%)
  Other 8 (3.8%)

General health
 Number of comorbidities, median [IQR] 1.0 [1.0–3.0]
 Number of participants reporting sleep issues* 111 (52.3%)
 Number of participants meeting PA guidelines (≥ 250 min mod-vig PA/week) 92 (43.4%)
 Sedentary behaviour (hrs/week), mean (SD) [range] 8.4 (3.3) [6.0–10.1]
 Quality of life (EQ-5L-5D) index, mean (SD) [range] 0.7 (0.1) [0.7–0.8]
 Quality of life (EQ-5L-5D) VAS (0–100), mean (SD) [range] 64.0 (18.1) [50.0–80.0]

Low back pain clinical profile
 Duration of current episode, mean (SD) [IQR], weeks 7.4 (3.4) [4.0–11.0]
 First episode of low back pain 34 (14.9%)
 Presence of leg pain 98 (46.2%)
 Care seeking in the past month 102 (48.1%)
 Function (PSFS; 0–30), mean (SD) [IQR] 11.8 (5.4) [8.0–16.0]
 Pain intensity (VAS; 0–100), mean (SD) [IQR] 51.5 (19.5) [35.2–67.5]
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The results of the multivariate regression model are 
presented in Table 2. Only baseline function was signifi-
cantly associated with the elicited magnitude of the small-
est worthwhile change. For each point decrease in function, 
there was an increase of 0.6 point in the smallest worthwhile 
change estimate (b = −0.60, 95% confidence interval [95% 
CI] −0.76, −0.44, p < 0.001). This effect size was medium 
(η2 = 0.219). The results of the modified BP test indicated 
non-constant error variance (χ2 (1) = 32.01, p < 0.001) and 
robust standard errors were used. The normal Q–Q plot of 
standardised residuals and the Kolmogorov–Smirnov test 
indicated non-normal residuals (KS statistic (212) = 0.064, 
p = 0.036). Furthermore, outliers were detected, and a sec-
ondary analysis was conducted excluding the outlier obser-
vations. Results of the model effects and the associated 95% 
CI estimates based on robust standard errors are presented in 

Table 3. The normal Q–Q plot and results of the Kolmogo-
rov–Smirnov test indicated normality of residuals [KS sta-
tistic (201) = 0.058, p = 0.094]. Baseline function continued 
to be the only predictor associated with the smallest worth-
while change estimate. For each point decrease in function, 
there was an increase of 0.5 point in the smallest worth-
while change estimate (b = −0.50, 95% CI −0.61, −0.38, 
p =  < 0.001). The size of the effect of the baseline function 
score was large (η2 = 0.283).

Fig. 1   Distribution of the 
participant’s reported smallest 
worthwhile change

Table 2   Regression coefficients (95%CI; p value) of predictors of the 
multiple linear model for the smallest worthwhile change estimate

Predictors Regression coeffi-
cient (95%CI)

p value

Age 0.01 (−0.03, 0.06) 0.571
Gender 0.30 (−1.01, 1.68) 0.630
Education −0.20 (−1.48, 1.45) 0.982
Comorbidities 0.16 (−0.03, 0.06) 0.547
Sleep issues −0.33 (−1.80, 1.14) 0.658
Sedentary behaviour −0.05 (−0.22, 0.12) 0.544
Pain intensity 0.03 (−0.02, 0.07) 0.216
Function −0.60 (−0.76, −0.44)  < 0.001
Leg pain 0.41 (−0.91, 1.14) 0.539
Pain duration −0.08 (−0.29, 0.13) 0.448
Quality of life EQ-5D index 3.77 (−1.36, 8.90) 0.149

Table 3   Regression coefficients (95%CI; p value) of predictors of the 
multiple linear model for the smallest worthwhile change estimate 
without outliers

Predictors Regression coefficient 
(95%CI)

p value

Age 0.00 (−0.05, 0.04) 0.980
Gender 0.76 (−1.05, 1.21) 0.894
Education 0.92 (−0.36, 2.20) 0.157
Comorbidities 0.23 (−0.17, 0.63) 0.255
Sleep issues −0.36 (−1.59, 0.86) 0.561
Sedentary behaviour −0.02 (−0.18, 0.14) 0.800
Pain intensity 0.03 (−0.03, 0.07) 0.068
Function −0.50 (−0.61, −0.38)  < 0.001
Leg pain 0.38 (−0.77, 1.53) 0.513
Pain duration −0.05 (−0.22, 0.12) 0.546
Quality of life EQ-5D index 3.72 (−0.34, 7.77) 0.072
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Discussion and conclusion

Discussion

The present study investigated the smallest change that peo-
ple with non-specific, non-persistent low back pain would 
need to reach to consider a (text message-delivered) self-
management intervention worthwhile given its costs, incon-
veniences and possible harms. For 50% of participants, an 
improvement of at least nine points (on a 0–30 point scale) 
was needed to make the intervention worthwhile, which 
represents an improvement of 30% of the total function 
scale score. Large variability in responses was observed. 
Of all predictors investigated, only function was associ-
ated with the magnitude of the smallest worthwhile change. 
People with worse function scores would need to see larger 
improvements in function to consider a self-management 
intervention worthwhile. Function scores explained 21.9% 
and 28.3% of the variance in the smallest worthwhile 
change estimate after accounting for the variance explained 
by other variables in the primary and secondary analysis, 
respectively.

Although function and disability are slightly different 
outcome measures, the current findings evidence that peo-
ple with low back pain expect an improvement in function 
similar to the 30% improvement in disability expected with 
the natural course of the condition [22] to consider self-
management worthwhile. However, it is important to note 
there is high variability in the estimates, showing that peo-
ple would need to see vastly different changes in function 
to consider self-management worthwhile, from no change 
to full recovery. Interestingly, participants' characteristics 
did not explain this variability in the estimates other than 
their baseline function. Large variability was also reported 
by previous studies using the benefit-harm trade-off method 
to investigate the smallest worthwhile effect of interven-
tions for low back pain [16, 17]. Given that the benefit-harm 
trade-off method holds all intervention’s characteristics con-
stant or undefined whilst only the effect of the intervention 
may change, researchers have argued that participants might 
value the undefined attributes differently, leading to the high 
variability in the estimates of the smallest worthwhile effect 
[17]. Since the current study applied a modified benefit-
harm trade-off method, the same hypothesis could justify 
the variability found. Nonetheless, the reason why no asso-
ciation between participants’ characteristics and the smallest 
worthwhile change estimate could be found was beyond the 
scope of the current study and limited comparisons with 
previous studies could be done.

This is the first study to investigate the smallest worth-
while change in function for people with low back pain 
and incorporate it in a clinical trial of low back pain. The 

estimates found may be used in future responder analy-
sis by calculating differences in the proportions of people 
achieving their named threshold for the smallest worthwhile 
change between the intervention and control groups as well 
as the number needed to treat. This is a simple methodology, 
which has been shown to be feasible, not time-consuming for 
participants and could be easily incorporated into future tri-
als, either added to online or printed baseline questionnaires. 
This could represent an interesting strategy to help elicit 
the clinical relevance of findings of primary outcomes of 
randomised controlled trials when used in responder analy-
ses, especially in trials assessing the effectiveness of inter-
ventions on populations for which the smallest worthwhile 
effect is unknown.

Estimating the smallest worthwhile change at baseline 
surveys of randomised controlled trials presents some 
advantages over using anchor-based approaches (e.g. the 
minimal clinically important difference, or minimal impor-
tant difference). The main advantages are (1) the defini-
tion of the smallest worthwhile change based on patients’ 
perspectives and the threshold of what would be a minimal 
clinically relevant difference is not decided by researchers 
or based on clinimetric properties of the outcome measure, 
(2) estimates are intervention-specific and consider possi-
ble harms, inconveniences and costs of the intervention in 
question, and (3) the possibility of using the individualised 
estimates in a responder analysis. Inferences of relevant 
changes through anchor-based approaches might underesti-
mate what is meaningful to patients. Previous studies have 
estimated the minimal important difference in function (also 
assessed through the Patient-Specific Functional Scale) for 
people with low back pain undergoing physiotherapy or 
educational and stretching sessions through anchor-based 
approaches [18–20]. They have shown that the minimal clin-
ically important changes in this population lie between 0.8 
and 1.3 points, representing 8% to 13% change in the total 
function score [18–20]. These findings are smaller than the 
estimates currently found (on average, people would need 
to achieve a 31% improvement in the total function score to 
consider self-management worthwhile). Furthermore, two 
studies have also estimated what would be medium and large 
clinically important differences in function, which would 
correspond to patients reporting being at least ‘moderately 
better’ and ‘quite a bit better’ on the global rating scale, 
respectively [20]. The medium and large changes in func-
tion would correspond to 13% and 43% improvements in the 
total function score [19, 20]. These estimates evidence that 
even when the clinically important differences are defined 
according to moderate improvements in the global rating 
scale (rather than small improvements) they might under-
estimate patients’ perceptions. Thus, using the smallest 
worthwhile change rather than the anchor-based approaches 
estimates (e.g., the minimal clinically important difference) 
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in responder analysis consider patients’ perspectives and can 
potentially lead to values closer to clinical practice.

Nonetheless, the current study has limitations that should 
be acknowledged. Although the sample was diverse and 
recruited from both the community and healthcare practices, 
it might not represent the perspectives of all the clinical pop-
ulation with low back pain. Participants could have been 
more motivated or have more time to engage in a self-man-
agement intervention than people with low back pain inter-
ested in other modalities of care since participants decided to 
enrol in the TEXT4myBACK trial (which is providing a self-
management text message intervention). This might have led 
to smaller worthwhile change estimates limited to people 
with a non-persistent low back pain interested in this modal-
ity of care. Moreover, it is uncertain if people with persistent 
pain or radicular pain, for instance, would present similar 
estimates. It is also important to note that the smallest worth-
while change was estimated based on the Patient-Specific 
Functional Scale [10] and it is also uncertain if a similar 
estimate would be found if other function or disability out-
come measures which assess other activities of daily living 
(such as the Oswestry Disability Index) were used. Addition-
ally, certain attributes of the self-management intervention 
were kept from participants to ensure their blinding once 
randomised to the interventions, as the number of messages 
that would be sent, their frequency and time. It is possible 
that different thresholds would have been elicited if a more 
comprehensive description of the intervention had been 
provided. Given the estimates are intervention-specific, the 
smallest worthwhile change estimates found in the current 
study might not apply to different interventions involving 
other risks, inconveniences and costs. For instance, surgery 
might involve large costs, higher risks (such as infection) 
and inconveniences (such as hospitalisation, adverse events 
related to the procedure and time off work) and therefore, it 
is possible that patients would need to see greater improve-
ments in their symptoms to consider the procedure worth-
while. Furthermore, the study had a cross-sectional design, it 
did not adopt a longitudinal perspective and a re-evaluation 
of participants’ smallest worthwhile change after receiving 
the intervention. Although a previous study has evidenced 
that the estimates of the smallest worthwhile effects of anti-
inflammatory medication and physiotherapy in people with 
persistent low back pain were similar when measured prior 
to treatment commencement and four weeks later, [17] we do 
not know if the smallest worthwhile change estimate found 
in the current study would remain the same if measured dur-
ing or after the self-management intervention. Finally, the 
results of this study represent a worthwhile change in func-
tion over time, rather than an effect on function between 
groups. Thus, the current estimates should not be used to 
aid the interpretation of the clinical significance of effects 

found in randomised controlled trials and systematic reviews 
investigating self-management interventions.

Conclusion

People with non-specific, non-persistent low back pain 
reported that they need to improve nine points, on average, 
on a 0–30 function scale to consider a self-management 
intervention to be worthwhile. High variability was found 
between individual estimates (ranging from 0 to 30 points), 
highlighting the distinctive assessment made by each partici-
pant. However, there were no effects of demographic charac-
teristics, comorbidities, lifestyle and low back pain-related 
factors on the magnitude of the estimate, except for func-
tion score. People with worse function scores require larger 
improvements to consider the intervention worthwhile.

Practice implications

The current estimates might be used in responder analyses 
of future randomised clinical trials investigating self-man-
agement interventions for low back pain. Alternatively, the 
estimates might also be used by clinicians to track patients’ 
improvements when a self-management intervention is rec-
ommended. The methodology might be used by future ran-
domised controlled trials when the intervention’s smallest 
worthwhile effect is unknown. Similarly, this methodology 
might be used in prospective cohort studies to assess the 
clinical relevance of patients’ improvements. Participants 
might be questioned at the start of the prospective study 
and after the intervention is received to assess if the changes 
in their symptoms were worthwhile considering the risks, 
inconveniences and harms associated with the treatment 
received.
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