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ABSTRACT
Background The clinical course of acute low back 
pain (LBP) is generally favourable; however, there is 
significant variability in the prognosis of these patients. A 
clinical prediction model to predict the likelihood of pain 
recovery at three time points for patients with acute LBP 
has recently been developed. The aim of this study is to 
conduct a broad validation test of this clinical prediction 
model, by testing its performance in a new sample of 
patients and a different setting.
Methods The validation study with a prospective cohort 
design will recruit 420 patients with recent onset non- 
specific acute LBP, with moderate pain intensity, seeking 
care in the emergency departments of hospitals in São 
Paulo, Brazil. The primary outcome measure will be days 
to recovery from pain. The predicted probability of pain 
recovery for each individual will be computed based on 
predictions of the development model and this will be used 
to test the performance (calibration and discrimination) in 
the validation dataset.
Discussion The findings of this study will better inform 
about the performance of the clinical prediction model, 
helping both clinicians and patients. If the model’s 
performance is acceptable, then future research should 
evaluate the impact of the prediction model, assessing 
whether it produces a change in clinicians’ behaviour and/
or an improvement in patient outcomes.
Ethics and dissemination Ethics were granted by the 
Research Ethics Committee of the Universidade Cidade de 
São Paulo, #20310419.4.0000.0064. Study findings will be 
disseminated widely through peer- reviewed publications 
and conference presentations.

BACKGROUND
The clinical course of acute low back pain 
(LBP) is generally favourable1 2; however, 
there is significant variability in the prog-
nosis of these patients. Approximately 80% 
of patients with acute LBP recover within 
6–12 weeks.1 However, even during this 
period, individuals may present different 
pain trajectories: some recover within a few 
days, others recover more slowly and a third 

group does not recover.3 The ability to iden-
tify the likelihood of each patient recovering 
at specific time points would be valuable to 
patients and clinicians to help in decisions 
about the amount and type of treatment 
to provide.4 5 For example, a patient with a 
favourable prognosis and high predicted 
probability of recovery may receive simple 
baseline care rather than additional interven-
tions. In contrast, a patient with low proba-
bility of recovery may be more likely to receive 
additional interventions despite the costs and 
time involved.4

Clinical prediction models help to inform 
possible estimates of an outcome at a given 
time point.5 A good prediction model needs 
to be easy to use, discriminate well between 
patients at different risk levels and provide 
accurate predictions of the outcome.6 7 Vali-
dation studies evaluate the performance of 
the original model using data from a different 
sample of patients to ensure that similar 
results are replicated in a different patient 
sample or in a different setting.6 The impact 
study is the final step to identify whether the 
clinical prediction model produces a change 

Strengths and limitations of this study

 ► This study describes the protocol of a broad and de-
tailed validation of a clinical prediction model.

 ► This is the first validation study assessing the per-
formance of the original prediction model designed 
to predict the likelihood of pain recovery.

 ► The sample will come from a different country and a 
different setting, providing a robust test of the broad 
external validity of the prediction model.

 ► The participants of the present study will not come 
from a randomised controlled trial, differing to the 
development study.

 ► Definitions of recovery may vary within literature.
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in the clinician’s behaviour or an improvement in patient 
outcomes.8 After this step, the prediction model can be 
recommended for use in clinical practice.8

There are existing clinical prediction models reported 
in the literature to inform about prognosis of patients with 
LBP.9–13 A recent systematic review14 identified seven clin-
ical prediction models developed to inform about prog-
nosis of patients with LBP, however, they have important 
limitations. Most of them do not achieve acceptable 
performance.14 All models focused on predicting poor 
(eg, persistent or non- recovering pain and disability) and 
long- term outcomes (eg, 6 and 12 months).14 Although 
long- term prognosis is helpful, this information may not 
be the most important information to patients with an 
acute episode of LBP, such as those presenting to emer-
gency or primary settings.14

A new clinical prediction model has been recently devel-
oped to predict the likelihood of pain recovery at three 
time points for patients with acute LBP.4 This prediction 
model was designed to be used in a clinical review, which 
was performed 1 week after the first visit. The prediction 
model indicates the likelihood of pain recovery at 1 week, 
1 month and 3 months after the clinical review visit.4 The 
reason for developing the model was primarily so that 
pain intensity change during the first week could be used 
as a predictive variable. Pain intensity change was previ-
ously described as an important predictor of outcomes 
for patients with LBP.15 16 The second reason for the 
development of this prediction model is that it aligns with 
the recommendations from guidelines for the manage-
ment of acute LBP, which suggest minimal intervention 
followed by review at 1–2 weeks.2 17

A recent study13 performed narrow validation testing 
of an updated version of this clinical prediction model. 
The study used previously collected data from patients 
presenting to primary care practices similar to the devel-
opment study, but from a different country.13 Three of 
these variables were categorised differently in the Danish 
validation dataset (duration of current episode, number 
of previous episodes and depression). It was necessary to 
slightly modify the prediction rule using the new sample 
before testing.13 A new broad validation study with vari-
ables coded exactly as per the original prediction model, 
and including patients from both a different setting and 
a different country, would provide stronger evidence on 
the generalisability of the original prediction model.

Therefore, the aim of this study is to conduct broad vali-
dation test of this clinical prediction model, which aims 
to predict pain recovery in patients with acute LBP, by 
testing its performance in a new sample of patients from 
emergency care departments in Brazil.

METHODS
Development study methods
The data for the development study came from a 
randomised controlled trial of paracetamol compared 
with placebo for the management of acute LBP.18 In the 

development study, participants were recruited by general 
practitioners, physiotherapists and pharmacists in the 
greater metropolitan region of Sydney, Australia, between 
2009 and 2012.18 The development study included 
patients with recent onset non- specific acute LBP, with 
or without leg pain, less than 6 weeks’ duration, and with 
moderate pain intensity (measured by an adaptation of 
item 7 of the SF-36)19 from primary care practices in the 
greater metropolitan region of Sydney, Australia.19 Only 
participants who had a pain score of ≥2/10 at the first 
weekly follow- up after initially seeking care were included 
in the development study (n=1070). Exclusion criteria 
were suspected serious spinal pathology (eg, metastatic, 
infection, fracture), current use of an analgesic, spinal 
surgery in the last 6 months, contraindication to use of 
paracetamol, use of psychotropic drugs, and current or 
planned pregnancy. Five predictor variables (duration of 
current episode, number of previous episodes, depres-
sion, pain intensity and pain intensity change over the 
first week) were included in the final model.

Current validation study methods
Design and ethics
The present validation study will be conducted with 
a prospective longitudinal cohort design. Ethics were 
granted by the Research Ethics Committee of the Univer-
sidade Cidade de São Paulo, #20310419.4.0000.0064. The 
approval of the ethics committee can be found in the 
online supplemental file 1.

Patient and public involvement
There was no patient involved in the development of the 
research question.

Source of data/setting
We will recruit patients with recent onset of non- specific 
acute LBP seeking care in emergency departments from 
private and public hospitals in Sao Paulo, Brazil.

Participants
In the validation study, the inclusion criteria will be: 
patients aged between 18 and 80 years, with recent 
onset non- specific acute LBP with or without leg pain, 
lasting less than 6 weeks duration, with moderate inten-
sity20 (adapted version of item 7 of the SF-36 Question-
naire),19 as per development study,4 who are seeking care 
in emergency departments. Only participants who have 
a pain score of ≥2/10 at the first weekly follow- up after 
initially seeking care will be included, as per development 
study. This decision was made as patients with pain scores 
less than 2/10 were considered unlikely to present for 
review and if they did, they were unlikely to need further 
intervention. A clinical prediction model designed for 
use at 1- week review does not need to include patients 
who have recovered rapidly and as such may be more 
discriminative for those with ongoing pain. Non- specific 
LBP will be defined as pain in the area between the 
12th rib and buttock crease, with or without pain in the 
lower limbs, not attributed to a specific diagnosis (eg, 
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ankylosing spondylitis, vertebral fracture).2 20 21 Individ-
uals will be excluded if they meet any of the following 
criteria: suspected serious spinal pathology (eg, meta-
static, infection, fracture), current or planned pregnancy, 
non- Portuguese speakers and presence of any renal 
impairment that could be mistaken as LBP.

Study procedures
The evaluation of possible participants will be based on 
clinical investigation through a predefined checklist 
with the inclusion and exclusion criteria. The evalua-
tion will be carried out by physiotherapists with experi-
ence in evaluating and researching patients with LBP, in 
the emergency department, personally and individually. 
Patients will be informed about the study and invited to 
participate. The researchers will assess potential partici-
pants’ eligibility and ask them to sign the consent form. 
After the baseline assessment, an assessor will contact the 
participants weekly by email, text message, WhatsApp or 
phone call (based on the participant’s preference) to 
collect data pertaining to the participant’s pain scores 
until the patient’s recovery or up to 12 weeks. Figure 1 
describes the data collection process.

Outcome measure
The outcome of interest will be ‘days to recovery from 
pain’. Recovery will be defined as a score of 0 or 1 on 
a 0–10 Numerical Pain Rating Scale for 7 consecutive 
days, as per development study. Participants will respond 
to weekly follow- ups about their LBP intensity (0–10 
Numerical Pain Rating Scale) over the past week. There-
fore, to be considered recovered for the current study, 
participants will need to report pain no greater than 
1/10 during the past week. In this situation, the patient 
will also be asked about the date of recovery. Then, a 

further follow- up will be performed the following week, 
to confirm the recovery date (recovery for 7 consecutive 
days). The maximum follow- up time for patients who 
have not reached recovery will be 12 weeks.

Predictor variables
Five predictor variables (duration of current episode, 
number of previous episodes, depression, pain inten-
sity and pain intensity change over the first week) will 
be included in the final model according to the devel-
opment study.4 The variables of duration of current 
episode, number of previous episodes and depression will 
be collected at baseline. The variable pain intensity will 
be collected at the first week follow- up. The variable pain 
intensity change over the first week will be calculated by 
subtracting pain intensity at the baseline from pain inten-
sity at first follow- up. Table 1 describes the predictor vari-
ables, how they will be measured and how they will be 
coded in the analysis.

Sample size
Previous studies have suggested that sample size require-
ments for validation prediction models’ studies would 
require at least 250 events.5 22 Considering previous 
studies that have used the same outcome measure of 
the present study,18 23 it is expected that about 80% of 
patients seeking care for acute LBP will recover from 
pain at 3 months. In addition, considering the criteria 
of including only participants who had a pain score of 
≥2/10 at the first weekly follow- up, we expect that around 
20% of the sample will recover during the first week, and 
would be excluded of the analysis based on our inclusion 
criteria. Therefore, from a sample of 420 participants, 336 
would be expected to recover at 3 months. In addition, 84 
participants (20% of the total sample) would be expected 
to recover during the first week and would not be part 
of the analysis. Then, considering the 336 participants 
minus the 84 that would be excluded, approximately 252 
participants would be expected to recover from pain (the 
event of interest) and included in the analysis, fulfilling 
the described recommendations.

Data analysis
The probability of pain recovery is a function of the 
weighted sum of the predictor variables, with each 
variable weighted by its estimated coefficient, and the 
baseline survivor function within each stratum of pain 
intensity. The predicted probability of pain recovery for 
each individual in the validation dataset will be computed 
based on predictions of the development model. The 
resulting predicted probabilities will be used to assess the 
performance (in terms of discrimination and calibration) 
of the prediction model by comparison with the observed 
recovery.

Discrimination indicates how well the model differ-
entiates between those who recover and those who do 
not.5 Discrimination will be assessed using an overall 
C- statistic.24 Calibration indicates whether the observed 

Figure 1 Flow of study procedures. LBP, low back pain.
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frequencies agree with the predicted probabilities.5 
Calibration will be assessed graphically by plotting the 
observed proportion of patients who recovered against 
the mean predicted proportion of recovery within deciles 
of the predicted probabilities. This will be done for the 
development sample and also for the validation study 
sample at three time points (1 week, 1 month and 3 
months). The observed proportion of participants recov-
ered in each decile will be computed using the Kaplan- 
Meier method. All analyses will be performed using IBM 
SPSS software V.20.0.

DISCUSSION
This study protocol provides a detailed description for 
validation of an existing clinical prediction model4 to 
predict pain recovery in patients with acute LBP. This 
study will be conducted in a different sample of patients, 
from emergency departments of public and private hospi-
tals in an emerging country, and the findings of the study 
will better inform about the performance of the existing 
clinical prediction model.

This is the first validation study assessing the perfor-
mance of the original prediction model designed to 
predict the likelihood of pain recovery, at key time points, 
in patients with acute LBP. It is one of few validation 
studies of prediction models designed to inform about 
prognosis of patients with LBP,25 and the only validation 
study of a prediction model designed to predict recovery 
in people with acute LBP.

This prospective study is designed exclusively for the 
purpose of validation of the prediction model, with 

a well- defined and representative sample of patients 
seeking care for their current episode of LBP. The sample 
will come from a different country with a different setting, 
providing a robust test of the broad external validity 
of the prediction model. All measures of outcome and 
predictor variables will be collected exactly the same way 
as per development study.

Our study also has some potential limitations. First, 
the participants on whom the original prediction rule 
was developed came from a randomised controlled trial 
investigating paracetamol compared with placebo. Partic-
ipants enrolled in clinical trials may differ from patients 
not included in trials, and the interventions provided 
to both groups will be different. It is possible the proba-
bility of recovery in this cohort may differ from patients 
not included in a trial. However, the characteristics of 
the 1650 participants in the randomised controlled trial 
which the data of the development study came from and 
an inception cohort of 969 consecutive participants of 
acute LBP in the prognosis study of Henschke et al26 they 
appear similar on most demographic and clinical charac-
teristics. Second, there is no widely accepted definition 
of recovery; however, the definition used in the present 
study has been used in previous studies.10 18 23 27

The validation of this prediction model in a different 
setting and population (emergency department and 
middle- income country) will have clinical and research 
implications. Considering a real clinical scenario at an 
emergency department where patients are not likely to 
follow- up with their emergency department provider, 
there is no need of the patient to come back for a second 

Table 1 Initial measurement of predictor variables

Predictor How will be measured How will be coded

Duration of current episode (days) How many days ago did your back pain 
start?*

7–10; 11–14; 15–23; 24–49

Number of previous episodes How many previous episodes of low back 
pain have you had?27

0; 1–2; 3–8s; >9

Depression How much have you been bothered by 
feeling depressed in the past week? 
Measured on a 0–10 scale where 0=not at 
all and 10=extremely28

0 depression score; 1–3 depression 
score; 4–6 depression score; 7–10 
depression score

Pain intensity Using Numeric Pain Rating
Scale (NPRS)29: I would like you to rate 
your pain on a scale from 0 to 10 where 
0 is no pain and 10 is the worst possible 
pain. Please give a number to describe your 
average pain over the last
24 hours.30

Mild: 2–4; moderate: 5–7; severe: 8–10

Pain intensity change from first visit to 
1- week review as an absolute value

Calculated by subtracting the
NPRS at day 1 from NPRS at ‘1- week 
review’

Worse: ≤−2; not much change: −1,
0, 1; small change: 2, 3; moderate and 
large change: ≥4

All predictor variables will be measured at initial presentation for care except for the pain intensity (collected at the first weekly follow- up) and 
pain intensity change variables.
*Seven days will be added to duration of current episode collected at initial presentation to reflect the duration of episode at 1- week review.
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visit. If the patient has a duration of current episode of 
at least 2 weeks, the clinician can ask the patient about 
the pain intensity at the moment and the pain inten-
sity considering the previous week. Then it is possible 
to calculate the pain intensity change from 1 week ago 
(instead of the first visit) and the time of the visit (instead 
of 1- week review). This would allow the clinician of the 
emergency department to use the clinical prediction 
model in one single visit. While this prognostic informa-
tion could be used to inform patient and clinician shared 
decision- making, it is important to note that the current 
study will not indicate that the use of this model improves 
clinical decision- making or improves health outcomes, 
which can only be tested by a model impact study. Future 
research should test whether the clinical prediction 
model produces a change in clinicians’ behaviour and/
or an improvement in patient outcomes.
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