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ABSTRACT

Objective To develop and internally validate a prognostic
model to predict chronic pain after a new episode of acute
or subacute non-specific idiopathic, non-traumatic neck
pain in patients presenting to physiotherapy primary care,
emphasising modifiable biomedical, psychological and
social factors.

Design A prospective cohort study with a 6-month follow-
up between January 2020 and March 2023.

Setting 30 physiotherapy primary care practices.
Participants Patients with a new presentation of non-
specific idiopathic, non-traumatic neck pain, with a
duration lasting no longer than 12 weeks from onset.
Baseline measures Candidate prognostic variables
collected from participants included age and sex, neck
pain symptoms, work-related factors, general factors,
psychological and behavioural factors and the remaining
factors: therapeutic relation and healthcare provider
attitude.

Outcome measures Pain intensity at 6 weeks, 3 months
and 6 months on a Numeric Pain Rating Scale (NPRS) after
inclusion. An NPRS score of >3 at each time point was
used to define chronic neck pain.

Results 62 (10%) of the 603 participants developed
chronic neck pain. The prognostic factors in the final
model were sex, pain intensity, reported pain in different
body regions, headache since and before the neck pain,
posture during work, employment status, illness beliefs
about pain identity and recovery, treatment beliefs,
distress and self-efficacy. The model demonstrated an
optimism-corrected area under the curve of 0.83 and a
corrected R? of 0.24. Calibration was deemed acceptable
to good, as indicated by the calibration curve. The
Hosmer—Lemeshow test yielded a p-value of 0.7167,
indicating a good model fit.

Conclusion This model has the potential to obtain a
valid prognosis for developing chronic pain after a new
episode of acute and subacute non-specific idiopathic,
non-traumatic neck pain. It includes mostly potentially
modifiable factors for physiotherapy practice. External
validation of this model is recommended.

! Harrigt Wittink,! Francois Maissan,' Marc Teunis,?
2 Rob J E M Smeets*®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Novel approach to determine an accurate sample
size for prognostic model development, mitigating
overfitting.

= Inclusion of biomedical, psychological and social
prognostic factors which are potentially modifiable
by a physiotherapist.

= Utilisation of three follow-up time points for chronic
pain outcome assessment.

INTRODUCTION
Neck pain is a widespread and disabling
health condition significantly impacting

public health." It is ranked third in terms of
years lived with disability in non-fatal diseases,
with high costs due to extended work absence
and healthcare utilisation." Chronic neck
pain is particularly costly,” and the prevalence
has increased by 21% from 2005 to 2015,
affecting approximately 358 million people
worldwide.” The estimated global number of
neck pain cases is projected to be 269 million
(219-322) by 2050, an increase of 32-5%
(23-9-42-3) from 2020 to 2050.”

Physiotherapy is a common first-line treat-
ment; however, its effectiveness in patients
with chronic pain is often only moderate.*""
Consequently, identifying prognostic factors
to predict chronic pain is a top priority for
neck pain research and clinical care."’ By
identifying these prognostic factors, especially
modifiable factors, physiotherapists can make
more informed decisions, potentially target
modifiable factors and prevent the develop-
ment of chronic idiopathic neck pain.

The existing literature on prognostic
models shows a low performance in

BM) Group

Verwoerd MJ, et al. BMJ Open 2024;14:¢086683. doi:10.1136/bmjopen-2024-086683 1

salbojouyoal rejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybiIAdoo Aq paloaloid
"1sanb Aqg Gz0z ‘6 Joquieidas uo /wodfwg usdolway/:diy woly papeojumoqd +z0oz 1shbny Gz uo £89980-202-uadolwa/ogeTT 0T Se paysiignd 1si1) :uado rINg


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-3388-9235
http://orcid.org/0000-0003-2796-729X
https://doi.org/10.1136/bmjopen-2024-086683
https://doi.org/10.1136/bmjopen-2024-086683
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2024-086683&domain=pdf&date_stamp=2024-08-24
http://bmjopen.bmj.com/

predicting chronic neck pain.'” Moreover, the external
validity of current prognostic models in terms of pain and
recovery outcomes has not been proven in patients with
acute and subacute neck pain.'” This may be attributed to
the inclusion of heterogeneous groups of patients for the
development of these prognostic models, characterised
by varying pain duration (acute, subacute <12 weeks and
chronic >3 months), clinical symptoms and prognosis.
Furthermore, the varying definitions of the outcome,
including persistent and/or recurrent pain groups,
contribute to the low performance of these models. Addi-
tionally, much of the prognostic research has predomi-
nantly focused on non-modifiable factors, such as age,
pain duration and sex, neglecting potentially modifiable
factors.'” Incorporating modifiable factors has the poten-
tial to better tailor interventions to individual patients,
which could enhance the model’s applicability and rele-
vance in clinical practice.

Assessed for eligibility

It is known that biomedical, psychological and social
factors provide a comprehensive understanding of the
neurophysiological changes involved in developing
chronic pain." Consequently, there is a compelling need
for a biopsychosocial approach that specifically focuses on
modifiable prognostic factors to predict chronic pain after
a new episode of non-specific idiopathic, non-traumatic
neck pain. This study aimed to (1) identify which modi-
fiable factors are independent prognostic factors of the
development of chronic neck pain in patients with acute
and subacute neck pain and (2) to develop and internally
validate a model to predict chronic pain.

METHODS

The methods of this study have been extensively described
in the study protocol.'” Briefly summarised, the methods
were as follows.

N =2567

Excluded

Invited for
particpation
N =967

Signed informed
consent
N =660

Age <18=N89
> 12 weeks NPRS >3 =N 667
Neck surgery =N 45
Cervical spine radiculopathy = N 236
Widespread pain =N 162
Pain not caused by musculoskeletal origin = N 136
Inability to read or understand Dutch Language = N 134
Traumatic cause =N 120
Red flags =N 11
Total N = 1600

Baseline measurement (TO)

N =603

6 weeks (T1)

Refused to participate
Not interested = N 146
Digital assessments to complex =N 32
Time investment too high = 54
Too busy or stressed at moment inventation = N 75
Total N =307

No response baseline measurement
Total N =57

6 months (T3)

N =449 N =392

Multiple Imputation '—|

Results

Figure 1 Flow-chart study. NPRS, Numeric Pain Rating Scale; N, number; T, time-point.

Chronic neck pain N = 62
No chronic neck pain N = 541
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Table 1 Baseline characteristics of the study population

Number Mean (SD) Missing count
(percent) Median (IQR) (percent)
Patients characteristics
Sex 0 (0)
1=Male 206 (34.2)
2=Female 397 (65.8)
Age 44,5 (15.7) 1(0.2)
44,0 (31-56)
Symptoms
Pain intensity at baseline (0-10) 5,9 (1.9) 0(0)
Higher scores indicate a higher degree of pain. 6 (5-7)
Duration of neck pain 4.5 (2.9) 0(0)
Number of weeks 4 (2-6)
Recurrent pain 1(0.2)
1=No 198 (32.8)
2=Yes 404 (67)
Reported pain in different body regions 4 (0.7)
1=No 210 (34.8)
2=Yes 389 (64.5)
Accompanying headache 5(0.8)
1=No 247 (41)
2=Yes 281 (46.6)
3=lhad headache(s) before the neck pain. 70 (11.6)
Disability (0-7) 2.73 (2.1) 1(0.2)
Higher scores indicate higher interference of pain with daily activity. The sum 2.3(1.0-4.1)
score divided by the entered items.
Work related factors
Work status 10(1.7)
1=Yes 501 (83.1)
2=No 92 (15.3)
Education 16 (2.7)
O=Low level of education 313 (51.9)
1=High level of eduction 274 (45.4)
Happiness at work 23 (3.8)
1=Happy (ref) 376 (62.4)
2=Neutral or not happy 112 (18.6)
3=Not working 92 (19)
Job satisfaction 21 (3.5)
1=Satisfied (ref) 404 (67)
2=Neutral or not satisfied 86 (14.3)
3=Not working 92 (18.7)
Potential to self-modify posture 25(4.2)
1=Possible (ref) 372 (61.7)
2=Neutralor impossible 114 (18.9)
3=Not working 92 (19.4)
General factors
Continued
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Table 1 Continued

w
Number Mean (SD) Missing count =
(percent) Median (IQR) (percent) S
Physical activity 8(1.3) E
0=Achieving the Dutch Healthy Exercise Norm 219 (36.3) -
1=Not achieving the Dutch Healthy Exercise Norm 376 (62.3) Q
Smoking 3(0.5) Tg’r
1=No 528 (87.6) 2
>
2=Yes 72 (11.9) o d
Alcohol 5(0.8) 38
1= 129 (21.4) g5
o
2-Yes 469 (77.8) < B
Body mass index (BMI) 25.31 (4.3) -8 g
24.66 (22.5-27.7) =3
. Qo
Sleep quality 2 (0.3 3o
0=No negative experience with sleeping 130 (21.6) 5 ?N
o
1=Negative experience with sleeping 471 (78.1) g§
Psychological and behaviour factors g g
Catastrophising (0-24) 4.58 (4.6) 3(0.5) = %
Higher scores indicate more catastrophic thoughts 3 (1-7) ; W
o
lliness beliefs about recovery (Duration 0-10) 413 (2.7) 10 (1.7) § =]
0 a very short time—10 forever. Higher scores indicate a maladaptive illness 3 (2-6) =N
perception % )C>
lliness beliefs about recovery (Concerned 0-10) 3.96 (2.6) 8 (1.3) o4Q
0 not at all concerned-10 extremely concerned. Higher scores indicate a 4 (2-6) 3 Q
maladaptive illness perception. (_«—>Er %
Treatment beliefs (0-10) 7.82 (1.9) 12 (2.0) -~ B
0 not at all-10 extremely helpful. A lower score indicates a maladaptive illness 8 (7-9) 5 g
perception. 2 §
Depression (0-21) 2.47 (3.3) 3(0.5) 85
Higher scores indicate a higher degree of depression. 1(0-4) 3 %;_
Kinesiophobia (11-44) 16.5 (5.2) 3(0.5) g 9'..
Higher scores indicate a higher degree of kinesiophobia. 15 (12-20) Qg
Distress (0-21) 4.4 (4.1) 3(0.5) 23
Higher scores indicate a higher degree of stress. 3(1-7) § _g:
i 5=
Coping 5(0.8) =35
0=Passive coping 120 (19.9) Q3
® O
1=Active coping 478 (79.3) 23
lliness beliefs about pain identity (0-10) 6.11 (2.3) 14 (2.3) @ g
0 don’t understand at all— 10 understand very clearly. A lower score indicates a 6 (5-8) ié.
maladaptive illness perception. o '8
Hypervigilance (0-80) 31.0 (11.4) 3 (0.5) § 3
Higher scores indicate a higher degree of vigilance. 31 (23-38) =3 °
Self-efficacy (0-12) 10.31 (2.3) 2(0.9) % %)
Higher scores indicate a higher degree of self-efficacy. 11 (10-12) %.g
Remaining factors v 3
o
Therapeutic relation (0-10) 8.79 (1.4) 10(1.7) o}
0 no trust at all-10 very much confidence. 9(8-10) ©
Healthcare provider attitude 49 (8.1)" %
1=Biomedical 134 (22.2) g
2=Biopsychosocial 420 (69.7) Z
c
*We missed the attitude measurement for 14 of the 94 physiotherapists, including a total of 49 patients. o
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Study design

The present study is a prospective longitudinal cohort
study that focuses on modifiable prognostic factors and
follows the guidelines of the Prognosis Research Strategy
(PROGRESS) framework and the Transparent Reporting
of a multivariable prediction model for Individual Prog-
nosis Or Diagnosis (TRIPOD) statement type 1b." 17 This
study adheres to the specific statistical recommendations
for type 3 prognostic model research.'® The findings are
reported according to the TRIPOD statement to ensure
transparent reporting of the multivariable prediction
model for individual prognosis (see online supplemental
appendix 1.7

Study setting

Participants were recruited from 30 Dutch physiotherapy
primary care practices by 94 physiotherapists between
26 January 2020 and 31 August 2022. The study was
completed in March 2023 (including reminders and time
for response).

Patient and public involvement statement
None.

Participants

Patients were approached if they presented in one of
the participating physiotherapy practices with a new
episode of acute or subacute non-specific idiopathic,
non-traumatic neck pain. Patients were included if they
met the following criteria: age 18 years or older, a new
presentation of neck pain no longer than 12 weeks after
onset and the patient indicated on the body diagram that
he/she experienced regional neck pain. If the patient
had a previous episode of neck pain, the patient had to
be relatively free from symptoms on the Numeric Pain
Rating Scale (NPRS of <3) for at least 3 months prior to
the present episode of neck pain. The exclusion criteria
were: neck pain surgery in the past, cervical spine radicu-
lopathy assessed with the upper limb neurodynamic test
1,8 widespread primary pain (International Classifica-
tion of Diseased 11th Revision (ICD-11)) (diffuse muscu-
loskeletal pain in at least four of five body regions (eg,
shoulder or upper arm, wrist or hand, pelvis or ankle or
food) and in at least three or more body quadrants (as
defined by upper-lower/left-right side of the body) and
axial skeleton (neck, back, chest and abdomen)),'? pain
not caused by musculoskeletal origin (not located in the
muscles, bones, joints or tendons)® and inability to read
or understand the Dutch language.

Baseline and follow-up procedure

During the first consultation, the physiotherapist
informed eligible patients about the study purpose
and expectations. Patients who verbally indicated they
wanted to participate in the study signed an informed
consent before completing the initial digital question-
naire at baseline (T0). Follow-up questionnaires were
sent via email at 6 weeks (T1), 3 months (T2) and
6 months (T3), taking 20-40 minutes to complete.

Participants were reminded to complete the question-
naires via email or telephone contact by their treating
physiotherapist.

Outcome

The NPRS was used to quantify the presence of chronic
pain. If the pain was present, defined as an NPRS >3, at
all measurement moments (ie, 6 weeks, 3 months and 6
months), it was classified as chronic.'”?!

Candidate prognostic factors
We included candidate prognostic factors to predict
chronic pain or non-recovery identified in a previous
systematic review and by neck pain experts in a Delphi
study with >70% consensus in the first round.'” ** Details
on candidate prognostic factors and their measurement
are provided in our study protocol.12

» Patient characteristics: sex and age.

» Symptoms: pain intensity at baseline measured with
the NPRS, duration of the acute or subacute neck
pain in weeks, reported pain in different body regions
(yes/no), accompanying headache (since the onset of
neck pain and headache before the neck pain) and
disability measured with the Pain Disability Index,
where the sum score was divided by the entered
items.”

» Work-related factors: happiness at work, job satisfac-
tion, and the potential to self-modify posture meas-
ured with a self-reported question.

» General factors: the lifestyle factors: smoking, alcohol,
length and weight (body mass index), sleep quality
measured with an adjusted sleep quality question from
the Neck Disability Index,”” ** and physical activity
measured by meeting the activity level according to
the Dutch Healthy Exercise Norm (Yes/No) 2

» Psychological and behavioural factors: illness percep-
tions were assessed using the Dutch version of the
Brief Illness Perception Questionnaire.”® Catastro-
phising was measured with the short version of the
Pain Catastrophizing Scale.”” Depression and distress
were assessed with the 21-item version of the Depres-
sion Anxiety Stress Scale.” Kinesiophobia was meas-
ured using the ll-item version of the Tampa Scale
for Kinesiophobia.” Coping strategies were evaluated
with the Pain Coping Inventory.™ *' Hypervigilance
was assessed using the Pain Vigilance and Awareness
Questionnaire,” and self-efficacy in managing pain
was measured with the 2-item version of the Pain Self-
Efficacy Questionnaire.”

» The remaining factors included, first, the ‘therapeutic
relationship’, assessed through the self-reported ques-
tion: ‘How much trust do you have in your healthcare
provider/physiotherapist?” Second, the ‘therapist’s
orientation’, which could be either biomedical or
biopsychosocial. The authors categorised this orienta-
tion based on open-ended and multiple choice ques-
tions about neck pain cases.'
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Sample size

To ensure a sufficient sample size to reduce the effect of
overfitting, the minimum number of events per candi-
date prognostic factor was calculated as recommended
by Riley et al 2019.”* The expected value of the Cox-Snell
R-squared of the new model was estimated at 0.23,% % %
and the estimated outcome event rate at 45%."* The study
considered 26 candidate prognostic factors, including
four non-modifiable and 22 potentially modifiable
prognostic factors. The a priori sample size calculation
suggested a minimum of 598 participants for the prog-
nostic model.

Statistical analysis methods and missing data

This study followed the PROGRESS framework type 3
research.'® The statistical software IBM SPSS (V.27) and
R (V.4.2.2) were used for the statistical amalysis.37 * For
the analysis, we extensively used the following R pack-
ages: tidyverse, MASS, pROC and Mice.”* The complete
R script used in this study can be found on GitHub at
https://github.com/uashogeschoolutrecht/painr  (see
online supplemental appendix 2 the table of contents).*

We used multiple imputation with fully conditional
specification to impute incomplete records, assuming
data to be at least missing at random.** Predictive mean
matching was used to impute continuous variables
and logistic regression for categorical variables. After
completing the data, the outcome variable (chronic pain)
was determined for each participant. The factor ‘health-
care provider orientation’ exhibited significant missing
data, which could not be imputed based on the patient-
specific information. As a result, we had to proceed with
the available data during the subsequent analysis, even
though a significant portion was missing.

The predictive performance of each candidate prog-
nostic factor of chronic pain was estimated using univari-
able logistic regression analysis. These analyses were
not used to decide which prognostic factors would be
included in the multivariable model.

Before multivariable modelling, we computed the vari-
ance inflation factor to assess multicollinearity. If this
factor exceeded 10, the selection of candidate prognostic
factors for modelling was guided by the clinical expertise
of the authors of this study.

All candidate prognostic factors were entered into the
multivariable model. To make the model more concise
and identify the most significant prognostic factors, we
applied backward elimination.

Model performance was quantified as its discrimina-
tive ability, using the area under the receiver operating
characteristic curve (AUC), model calibration, using cali-
bration plots and computing the Hosmer and Lemeshow
ggodness-of—ﬁt test and as model fit, using Nagelkerke’s
R".

Bootstrap resampling with 1000 bootstrap samples was
used for internal validation to calculate the optimism-
corrected AUC and determine the shrinkage factor,
thereby adjusting for overfitting by shrinking regression

coefficients. After shrinking regression coefficients, we
re-estimated the model intercept.

RESULTS

A total of 2567 patients underwent eligibility assessment
across 30 physiotherapy practices in the Netherlands.
Among these patients, 1600 were excluded, primarily due
to the fact that they already had chronic pain (lasting >12
weeks with an NPRS >3), cervical spine radiculopathy
or widespread pain. Additionally, 307 patients refused
to participate, citing disinterest, scheduling conflicts or
stress at the time of invitation. Ultimately, 660 potential
participants provided informed consent; however, 58 of
them did not respond during the baseline measurement
phase, resulting in the inclusion of 603 individuals in a
period of 2.5 years (figure 1). Among them, 62 partici-
pants (10%) developed chronic pain, while 541 partici-
pants experienced recovery from their pain.

For the description of the participants’ characteristics,
including candidate prognostic factors and the number
of participants with missing data, see table 1. We included
397 women and 206 men. The mean pain intensity at
baseline was 5.9 (SD 1.9), and the mean disability was
relatively low, with a score of 2.7 (SD 2.1) on a 0-7 scale.
Of our 603 participants, 92 (15.3 %) did not work. We
included these participants as not working in all the work-
related factors in our multivariable analyses.

There was some loss to follow-up at various follow-up
moments. However, only 78 participants did not complete
any follow-up measurement. At the 6-week measurement,
154 participants failed to submit the required forms. This
number changed to 224 at the 3-month follow-up and to
211 at the 6-month mark. The Little’s Missing Completly at
Random (MCAR) testyielded a p-value >0.05, supporting
the appropriateness of multiple imputations. 4

The interventions most frequently applied were (1) joint
mobilisation, manipulation, traction and nerve mobilisa-
tion techniques, with an application rate of 85.4%, and
(2) information and advice, with an application rate of
86.7%. Exercise and massage were applied to 58.1% and
54.7% of the study population. For a detailed overview of
the interventions applied across the study population, see
online supplemental appendix 3.

Univariable prognostic factors of development of chronic pain
The univariable analyses (see figure 2) revealed signifi-
cant positive associations between the following candi-
date prognostic factors and chronic pain: being female,
higher pain intensity at baseline, longer duration of neck
pain, experiencing pain in different body regions, the
onset of headache since the neck pain began, higher
disability scores, unemployment, higher scores on cata-
strophising, illness beliefs about recovery (concerned
and duration), depression, distress and lower treatment
beliefs. Some of these factors were identified with broad
CIs. For most factors not showing significant associations,

6
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the ORs were close to 1, indicating a lack of a clinically
meaningful association.

Multivariable modelling

The inclusion of ‘work status’ as a category among the
work-related prognostic factors resulted in multicol-
linearity within the following factors: happiness and satis-
faction at work and the ability to change posture during
work. To mitigate this issue, we decided to include only

the factor ‘ability to change posture at work’ in our final
model. This decision was based on the distinct conceptual
domain of this factor, which differs from the psychological
construct already well represented by the other included
factors. The candidate prognostic factor ‘work status’ is
thus also referred to as the ability to change posture at
work in the analysis. Following this adjustment, multicol-
linearity was no longer observed.

Pain intensity (0-10) A
Duration beliefs (0-10) o
Concerns (0-10) 4
Disability (0-10) 4
Distress (0-21)
Depression (0-21) -

Duration (in weeks) 4

° :
1.36{1.15-1 61) #**
—n
1.33{1.21-1.47)***
—_—
1.23{1.11-1.37)%**
—_——————

1.17 (1.04-1.32)***
—

1.22 {1.06-1.19)***
1.12(1.05-1.19)***

|
I
I
I
I
|
1
I
I
I
I
1
1
|
1
| 1.11(1.02-1.21)*

Catastrophizing (0-24) 4 ——
1 1.06 (1.00-1.11)*
Kinesiophobia (11-44) | e
I 1.04 (0.99-1.09)
Hypervigilance (0-80) A s
[ 1.01(0.88-1.04)
Age A kS
| 1.01(1.00-1.03)
BMI=W /H? {
! 1.01(0.85-1.07)
Self-efficacy (0-12) - :
0.92 (0.84-1.02) |
Identity beliefs (0-10) - —
0.91 (0.82-1.02) |
Therapeutic relation (0-10) 4
0.87 (0.75-1.03) |
Treatment beliefs (0-10) el
0.84 (074-0.95)**
0.75 1.00 1.25 1.50 OR
1
Headache(s) since the neck pain 4 1 g
1 3.00 (1.64-5.81)***
Not working - 1 o
! 2.96 (1.62-5.26)*""
Pain in different body regions - ! °
| 2.72 (1.44-5.61)**
. 1
Smoking - : @
i 1.92 (0.93-3.71)

Sex (female) -

Neutral or impossible to self-modify posture work 4
Disturbed sleep quality

Headache(s) before the neck pain -

Decreased physical activity -

Active coping -

Low education -

Recurrence -

Neutral or not satisfied at work -

Alcohol consumption 4

Neutral or not happy at work 4

! 1.89 (1.04-3.63)*

: 1.33 (0.63-2.62)
—.7
! 1.31(0.69-2.72)

]
i 1.30(0.41-3.52)
: 1.23 (0.71-2.20)
i 1.20 {0.63-2.49)
1 1.56 (0.68-1.99)
1 1.12 (0.64-2.02)
0.75 {0.28-1.71)

0.70 (0.39-1.28)

H 0.66 (0.26-1.43)

T T

1 2 3 4 5 OR

Figure 2 Univariable logistic regression analysis: unadjusted association between each candidate prognostic factor and the
outcome of chronic pain. The first figure displays the continuous variables, while the second illustrates the categorical and
dichotomous variables, and OR and corresponding Cls are presented. BMI denotes body mass index, W represents weight (kg)
and H stands for height (m). P-values are indicated as follows: *for 0.01<p<0.05, **for 0.001<p<0.01 and ***for p<0.001.
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Regression Odds Ratio P-value
coefficient after (95% Confidence
shrinkage Interval)
Intercept -5.782
Sex (female) 0.468 1.76 (0.90 - 3.61) 0.107
Pain intensity at baseline (0-10) 0.227 1.32(1.08 - 1.62) 0.008 **
Reported pain in different body regions 0.734 2.43 (1.19-5.35) 0.020 *
(HO/YES) Work status o (¢ ¥
No headache(s) (reference) it 1 i
i . . y regions - 3N S S
Headache(s) since the neck pain 0.726 2.41 (1.21-5.03) 0.015 N il ;
J
Headache(s) before the neck pain -0.070 0.92 (0.27 - 2.77) 0.885 SRR e e p:” i .
Potential to self-modify posture I EZ
-modifyworkposture { L @—
(reference) 0.384 1.59 (0.71 - 3.43) 0.247 L )
Neutral or impossible 1311 4.87 (2.29 - 10.43) <0.001 *** Fainirtensity 1 e
Not warking Duration beliefs | ‘s
lliness beliefs about recovery Duration | 0.184 1.25(1.11-1.42) <0.001 *** selkeit o) -
(0-10) Concerns | :.
Dist: 4
lliness beliefs about recovery Concerned | 0.108 1.14 (0.99 - 1.32) 0.075 e e
(0-10) Headachels) beore the neckpain | —g—————
Treatment beliefs (0-10) ~0.204 0.78 (0.67 - 0.92) 0.003 ** . '""""'Ee]”ef =
it t i -
Distress (0-21) 0.083 1.11(1.03-1.19) 0.006 ** B ! I ! !
Iliness beliefs about pain identity (0-10) | -0.142 0.84 (0.73 - 0.97) 0.016 * 0.0 25 5.0 75 10.00r
Self-efficacy (0 12) 0.109 1.14 (0.99 - 1.34) 0.086

Figure 3 Adjusted multivariable logistic regression model.

Several prognostic factors were identified from the
multivariable logistic regression analysis. These included
sex (female), higher pain intensity at baseline, reported
pain in different body regions, headache since the onset of
neck pain, headache(s) before the neck pain, an inability
or neutral score on self-modify posture during work, not
working, lower scores pain identity and treatment beliefs,
higher scores in beliefs regarding recovery (duration and
concerns) and higher scores on distress and self-efficacy.
The ORs including 95% ClIs are presented and visualised
in figure 3. Of all prognostic factors, not working showed
the strongest association (OR 4.87). The combined
prognostic model showed an AUC of 0.86 (95% CI 0.82
to 0.90) and a Nagelkerke’s R? of 0.31 (figure 4). The
Hosmer-Lemeshow test yielded a p value of 0.7167, indi-
cating a good model fit. The calibration plot (figure 4)
revealed acceptable to good calibration over the range of

predicted probabilities. The Brier score was 0.077, indi-
cating solid performance.

Internal validation prognostic model

The bootstrap validation yielded a shrinkage factor of
0.83, which was then used to multiply the regression coef-
ficients. The resulting model, including the re-estimated
intercept, is in figure 3. The AUC after correction for
optimism was 0.83. The optimism-corrected Nagelkerke’s
R’ was 0.24.

The intermezzo section highlights a detailed patient
profile to clarify the applicability and interpretation of our
findings in a practical context. The supplemental figure
presents an interactive visualisation depicting the varied
pain trajectories among participants within our cohort,
alongside the linear predictor and the probabilities of
chronic pain derived from our multivariable prognostic

ROC curve Calibration curve
o | T e
o o _|
O L=}
2w £
2 S 5 s
- — [=]
g ﬁ: lE -
8 3 33
™
o_ U g = aal
S e
r o | LTI TITIT T T TTrTor—
o T T T r T e = T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1.0 08 06 04 02 0.0
Specificity

Predicted Probability

Figure 4 Area under the Receiver Operating Characteristic (ROC) and calibration curve. The tick marks at the bottom of the
Calibration curve represent the distribution of predicted probabilities. Each tick mark indicated a predicted probability for an
individual observation. A dense cluster of tick marks indicated more observations with that specific predicted probability. This

distribution occurs within the dataset.
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model. This visualisation illustrates the complexity and
variability of pain progression over time. For a compre-
hensive visualisation of all participants, see the web appli-
cation: https:/ /rstudio-connect.hu.nl/painr-app/.

Intermezzo

The patient (participant 110), a male, describes his neck
pain intensity as 6 on the NPRS and also reports low back
pain. Since the onset of neck pain, he has also developed
headaches, which were not present before the neck pain.
Despite being employed, he finds it impossible to modify
his posture during work. He anticipates the duration of
his symptoms to be quite long, assessing it at 9 out of 10.
Despite this, his concern for his condition is relatively
minimal, with a score of 2 out of 10. His confidence in the
therapy is high, rated at 8 on a 0—10 scale. Stress is absent
in his case, evidenced by a score of 0 out of 21. While
he admits to only a moderate understanding of his pain,
scoring a 6 out of 10, he shows a high level of self-efficacy,
achieving a full score of 12 on a 0-12 scale.

The patient (participant 914), a female, reports expe-
riencing a pain intensity level of 6 on the NPRS. She
notes pain in other regions of her body as well. Since
developing neck pain, she has also begun to experience
headaches, which she did not have prior to the neck pain.
Currently, she is not employed. She anticipates her symp-
toms will persist, rating the anticipated duration as 10 on
a scale from 0 to 10, indicating a long-term expectation
of symptoms. She expresses moderate concern about
her neck pain, with a concern level of 5 on a 0-10 scale.
Her confidence in the effectiveness of her therapy is also
moderate, rated a 5 on a 0-10 scale. She reports experi-
encing a moderate level of stress, scoring 12 on a 0-21
scale. Her self-reported understanding of her pain is 6 on
a 0-10 scale, and scores a moderate self-efficacy, with a
score of 6 on a 0-12 scale.

Linear predictor (LP)

The linear predictor (LP) is given by:
LP=-5.782
+(0.468xsex (female=1))
+(0.227xpain intensity)
+(0.734xpain in different body regions)
+(0.726xheadache (s) since the neck pain)
-(0.070xheadache(s) before the neck pain)
+(0.384xpotential to self-modify posture at work)
+(1.311xwork status)
+(0.184xduration beliefs)
+(0.108%concerns)
—(0.204xtreatment beliefs)
+(0.083xdistress)
-(0.142xidentity beliefs)
+(0.109xself-efficacy)

Probability of chronicity
Probability of chronicity

Probability of chronicity = 17

Participant 110

LP calculation for patient X yields LP=-1.88, resulting
in:
I =13.2%

1+el58

Probability of chronicity =

Participant 914
LP calculation for patient X yields LP=0.98, resulting
in:

Probability of chronicity = ﬁ =72.7%

DISCUSSION

In this prospective cohort study, we (1) identified which
(modifiable factors) are independent prognostic factors
of the development of chronic neck pain, and we (2)
developed and internally validated a prognostic model
for predicting chronic pain after a new episode of acute
or subacute non-specific idiopathic, non-traumatic neck
pain. We found several significant associations between
non-modifiable and modifiable factors and chronic pain:
being female, higher pain intensity at baseline, longer
duration of neck pain, experiencing pain in different
body regions, the onset of headache since the neck pain
began, higher disability scores, unemployment, higher
scores on catastrophising, illness beliefs about recovery
(concerned and duration), depression, distress and lower
treatment beliefs.

The internally validated prognostic model demon-
strates good prognostic performance, underscored by an
optimism-corrected AUC of 0.83. The calibration indi-
cates a solid performance, as indicated by the calibra-
tion curve, alongside a commendable Brier score. The
Hosmer-Lemeshow test, with a p value of 0.717, affirms
a good model fit. Nonetheless, the model’s corrected R?
of 0.24 suggests that the model provides a meaningful but
limited explanation of the probability distribution of the
outcome of chronic pain. The model comprises 12 vari-
ables, four non-modifiable and eight potentially modi-
fiable by physiotherapists. The non-modifiable factors
include sex, reported pain in different body regions,
longer existing headaches and employment status (not
working). Potentially modifiable factors encompass base-
line pain intensity, self-efficacy, headache onset concur-
rent with neck pain, the ability to selfmodify posture
at work, illness beliefs regarding recovery (including
concerns and expected duration) and beliefs about neck
pain identity and treatment.

When comparing our individual prognostic factors and
those included in our prognostic model with existing
prognostic studies in musculoskeletal pain, several
common factors emerge, including age, work status,
reported pain in different body regions (including head-
ache), baseline pain identity and self—eff1cacy.45_49 In our
study, not working showed a high OR in both univariable
and multivariable analyses. A physiotherapist cannot
directly modify this factor; however, attention could be
given to potentially modifiable factors associated with
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unemployment, such as physical disability and mental
health.””*! In addition, in our study, a higher score on the
Pain Self-Efficacy Questionnaire 2-item version was asso-
ciated with higher odds of chronic neck pain. Notably,
this association was characterised by a low regression
coefficient and OR and was insignificant with a small CI.
Moreover, this outcome may be biased using this short
questionnaire, where the largest group of our population
scored above 10 on a 0-12 point scale for self-efficacy,
exhibiting a known ceiling effect.”” This notable outcome
might, therefore, be questioned.

Our model incorporated four illness perception factors:
beliefs aboutrecovery (including concerns and duration),
identity and treatment beliefs. Longitudinal studies on
low back pain have yielded similar findings, illustrating
individual associations between illness beliefs (eg, dura-
tion and treatment beliefs) and negative clinical outcomes
over various time periods.”*” However, in prognostic
multivariable models, the contribution of illness percep-
tions to the robustness of a prognostic model varies.” *°
Notably, illness beliefs are often excluded from the candi-
date prognostic factors in the models developed and
externally validated for neck pain models.'? " Recent
research has shown that modifying illness beliefs related
to identity and concerns can mediate outcomes, specif-
ically disability and pain, within physiotherapy primary
care practices.”’ Consequently, further research into the
modification of illness perception factors and their influ-
ence on the development of chronic pain, is imperative.
Such studies are crucial to ascertain if physiotherapy
interventions can effectively alter patients’ outcomes.

Furthermore, it is important to note that several
psychological factors, such as depression, kinesiophobia,
catastrophising and poor coping skills, are commonly
recognised as associated with and prognostic for chronic
pain.'*® These factors were not retained in our final prog-
nostic model. Although these factors showed an associa-
tion in our univariable analysis, they did not improve the
predictive accuracy of our model. Notably, our baseline
measurements indicated a distinctly non-normal distri-
bution for these psychological factors, contrasting with
studies in chronic pain patients where these factors are
more prevalent.” Despite their exclusion from our final
model, screening for these factors during the initial pain
phase and ongoing monitoring during recovery remain
important. This is particularly noteworthy considering
the body of evidence indicating that treatments targeting
psychological factors, such as catastrophising, depres-
sion and distress, have shown favourable outcomes when
addressed by healthcare providers. However, it is essen-
tial to highlight that these studies have primarily focused
on patients with chronic musculoskeletal pain.* %* In
contrast, itis important to note that most studies involving
patients with acute and subacute musculoskeletal pain
have mainly focused on pain and disability as outcomes.
However, these studies, which investigate the effective-
ness of treating physiological factors, should also examine
whether identified changes in these psychological factors

contribute to the reduction in pain intensity or disability
observed in their study population.* ® %

The incidence of chronic pain in our participants
differed from our systematic review findings. Our prelimi-
nary sample size calculation assumed a 45% chronicity rate
for neck pain, which divided the number of patients by
the non-recovery cases.'? This disparity can be attributed
to our definition of chronic pain and the definition of
the measurement approach. Unlike most studies that use
single time point assessment (eg, 3 months, 6 months or
12 months) with specific pain score threshold,” including
those in our review,'? our study used a more comprehen-
sive approach. This approach provides a precise represen-
tation of chronic pain as a continuous experience. Using
this methodology, we excluded the recurrent pain group,
which includes pain-free or mild time periods, diverging
from the ICD-11 broader definition of chronic pain.'” We
hypothesise that distinguishing between continuous and
recurrent pain will lead to a more effective prognostic
model, acknowledging the distinct pain experiences of
these groups.

LIMITATIONS

The calibration curve suggests a substantial overestima-
tion of higher risks; this estimation was based on only a
few patients, as most had a relatively low estimated risk of
chronic pain.

In the initial sample size calculation, we assumed a
45% incidence of chronic pain based on our systematic
review.'? This calculation allowed for 26 candidate prog-
nostic variables among a cohort of 598 participants.™
However, this study yielded a lower-than-expected inci-
dence of chronic pain, with only 10% of participants,
indicating an underpowered and potentially inadequate
sample size. However, the increased risk of overfitting and
the potential for overly optimistic model performance
seems to be minimal, as suggested by our internal valida-
tion analysis, which revealed a shrinkage factor close to 1.

Chronic primary pain, as described by the ICD-11, is
accompanied by significant emotional distress or functional
disability. We used a threshold of >3 to define chronic pain
based on the observation that mild pain typically does not
entail marked emotional distress or functional disability.* *
However, the literature indicates that establishing a defin-
itive cut-off point for mild and moderate pain, especially
regarding pain-related interference with functioning and
emotions, is complex.”"! Therefore, choosing a threshold
of 3 is debatable, and selecting a different threshold could
yield different study results.

Furthermore, in our study’s protocol discussion, we noted
that our study did not influence the therapies participants
received; however, these therapies could potentially affect
both the outcomes and the accuracy and generalisability of
the developed model. Participants were treated according
to the Dutch Physiotherapy Guideline for neck pain, which
might modify our candidate prognostic factors and poten-
tially reduce chronicity risks. Given the diversity of factors,
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the variety of modalities used by physiotherapists and the
therapists’ varied backgrounds, we considered the impact of
these therapies on our study results minimal. Ideally, these
therapies would either not be applied or should have been
analysed within the multivariable prognostic model to assess
their impact; however, this was not feasible due to sample size
constraints.

Our final prognostic model retained the factor ‘self-
modifying posture during work’. This factor was measured
subjectively using a non-validated question, which poses a
limitation as it may not distinguish between perceived and
actual behaviour during work. The limitation of this subjec-
tive measurement lies in its inability to clearly distinguish
whether individuals perceive that they can change positions
during work or are changing their positions. Additionally, this
type of questioning prevents us from confirming the accuracy
of reports, such as whether a patient who claims they cannot
change positions is indeed unable to do so. Establishing the
validity and discriminative ability of the different concepts
being tested is important to investigate.

CLINICAL APPLICATION AND FURTHER RESEARCH

The development of this prognostic model has identified
several potential modifiable factors. In clinical practice,
a physiotherapist can use this model to gain insight into a
patient’s probability of experiencing chronic neck pain.
Furthermore, assessing and intervening on the modifiable
factors in our model can be beneficial. However, we must
be aware that although they have been validated for their
prognostic value in our 1b prognostic study, it does not mean
that modifying these factors will necessarily reduce the risk
of developing chronicity. It is highly recommended to eval-
uate the performance of our model in an external validation
study. If the model is found adequate, a prognostic model
impact study is required, to quantify the effect on physio-
therapist decision-making in patients with acute or subacute
non-specific idiopathic, non-traumatic neck pain (TRIPOD
statement) 2

CONCLUSION

This model has the potential to obtain a valid prognosis
for developing chronic pain after a new episode of acute
or subacute non-specific idiopathic, non-traumatic neck
pain. It includes mostly potential modifiable factors for
physiotherapy practice. External validation of this model
is recommended.
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