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Abstract

Background: Pain chronicity is considered an important prognostic factor for
outcome. Here, it was investigated whether pain duration influences outcome
when only chronic patients (pain >3 months) are considered. Secondary aims
were to determine, in patients of any pain duration, how much variance in out-
come is explained by pain duration and whether pain duration truly predicts out-
comes, that is out-of-sample prediction in independent data.

Methods: Secondary analysis of a cohort study of neck pain patients. Patients
were assessed before start of treatment and at 1-week, 1-, 3-, 6- and 12-month fol-
low-up. Outcomes were patient global impression of change (PGIC) and percent
change in patients' perceived pain intensity, rated on a numerical rating scale
(NRS). Regression analyses (linear and logistic) and supervised machine learning
were used to test the influence of pain duration on PGIC and percent NRS change
at 1-week, 1-, 3-, 6- and 12-month follow-up within sample and out-of-sample.
Separate analyses were performed for the full sample (n =720) and for chronic
patients (n =238) only.

Results: No relationship between pain duration and outcome was found for
chronic patients only. For the full sample, statistical relationships between
pain duration and outcomes were observed at all tested follow-up time points.
However, the amount of variance in outcome explained by pain duration was low
and no out-of-sample prediction was possible.

Conclusions: Pain duration did not emerge as an important predictor of out-
come in this database of 720 neck pain patients receiving chiropractic treatment.
Significance statement: The relatively large dataset of neck pain patients chal-
lenges the widely accepted wisdom that pain duration is an important predictor
of pain outcomes and that very chronic patients might only have a small likeli-
hood of getting better. It is postulated that these results are important for the atti-
tude of the first encounter between healthcare professionals and chronic patients.
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1 | INTRODUCTION

Chronic pain has a large impact on an individual's health
andisrelated to a considerable social and economic burden
(Gustavsson et al., 2012; Morlion et al., 2018). It is defined
as persistent or recurrent pain lasting longer than several
months typically specified as 3months (International
Classification of Disease [ICD] - 11, Treede et al., 2015;
Steingrimsdottir et al., 2017). This time-dependent defini-
tion is historically based on the assumed ‘normal’ tissue
healing time (Steingrimsdottir et al., 2017); however, the
cut-off of 3months as a prognostic factor for treatment
outcomes and its implication for clinical decision making
has been challenged (Dunn & Croft, 2006).

According to the Global Burden of Disease studies, neck
pain is one of the leading causes of disability worldwide
(James et al., 2018), with prevalence and ‘years lived with
disability’ increasing (Vos et al., 2016), emphasizing the
need to better understand the condition. It is plausible that
pain duration might influence the outcome because sensi-
tization processes presumably become more extensive with
time (McCarberg & Peppin, 2019), which in turn might in-
fluence pain resolution. Several studies have indeed iden-
tified pain duration as a prognostic factor for outcome in
neck pain patients (Bot et al., 2005; Cleland et al., 2007;
Hill et al., 2007; Hoving et al., 2004; Meisingset et al., 2018;
Puentedura et al., 2012; Sleijser-Koehorst et al., 2018; Vos
et al., 2008). These studies used patients with any pain du-
ration, roughly following the subdivision into acute, sub-
acute and chronic, with the exact durations in the different
categories varying across studies. One study investigated
pain duration as a prognostic factor in only chronic neck
pain patients, defined as having had pain for more than
6 months, and did not observe a significant effect on out-
come at 1-year follow-up (Cecchi et al., 2011).

The effect of pain duration on outcomes has been typ-
ically expressed as an increased risk (reported as Odds or
Hazard ratios) of a non-favourable outcome in a category
of longer pain duration compared to shorter pain duration.
Despite providing valuable information, this approach
does not inform about how much variance in outcome
is explained by pain duration. Also, existing studies have
not investigated out-of-sample prediction, that is whether
the influence identified would hold up in an independent
dataset, leaving open the question in which way pain du-
ration is a prognostic factor in a new set of patients.

Thus, despite the evidence that pain duration is a prog-
nostic factor for outcome in patients with pain of any du-
ration, several questions remain. A secondary analysis of
an observational prospective cohort study of neck pain
patients in Switzerland was performed to address some
of these remaining questions. The primary aim of the
present study was to investigate whether pain duration

influences treatment outcome when only chronic patients
with pain duration longer than 3 months are considered.
Secondary aims served to assess in patients of any pain
duration (i) how much variance in outcome is explained
by pain duration and (ii) whether a model identified in
a training dataset predicts outcome in independent data.

2 | METHODS

2.1 | Study design
This study is a secondary analysis of an observational pro-
spective cohort study of neck pain patients in Switzerland.
Study approval was obtained from the ethics board of the
Canton of Zurich (EK-19/2009). For this cohort study, all
active members of the Association of Swiss Chiropractors
(ChiroSuisse, 260 members in total at the time) were asked
to recruit patients with neck pain. Instructions and the
study protocol were sent by email to the chiropractors and
explained to them during the annual mandatory continuing
education convention prior to the start of data collection.
Written informed consent was signed by all participating
patients. Data were collected between October 2009 and
March 2015 in a standardized fashion, that remained un-
changed over the duration of the study. Data of this co-
hort study have been published previously (Humphreys &
Peterson, 2013; Langenfeld et al., 2015; Nyir0 et al., 2017;
Peterson et al., 2012; Thoni et al., 2017; Wirth et al., 2016).
The STROBE guidelines for reporting observational
studies (von Elm et al., 2008) were followed.

2.2 | Subjects

New patients over 18years of age with neck pain of any
duration, not having undergone chiropractic or manual
therapy in the previous 3months, were asked for study
participation. Exclusion criteria were pathologies of the
cervical spine that are contraindications to chiropractic
manipulative therapy, such as tumours, infections, in-
flammatory arthropathies, acute fractures, Paget's disease,
anti-coagulation therapy, cervical myelopathy, known un-
stable congenital anomalies and severe osteoporosis. As a
result, any specific causes of neck pain except radiculopa-
thy were excluded and patients in this study are consid-
ered to suffer from ‘non-specific neck pain’.

2.3 | Data acquisition

Participating chiropractors and office assistants col-
lected the demographic and clinical baseline data directly
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before the first treatment. Follow-up data were collected
at 1week, 1 month, 3months, 6 months and 1year after
baseline assessment. Trained research assistants from the
Department of Chiropractic Medicine at the University
of Zurich collected the follow-up data by telephone inter-
views. The research assistants did not know the patients
or the referring chiropractors to reduce potential response
biases.

2.4 | Demographic and clinical
baseline variables

Demographic information included age, gender, marital
status and work status. Baseline clinical data included
duration of current complaint (‘pain duration’), patients'
expectation regarding how long their pain will last (‘du-
ration expectation’ on a 0-10 scale), number of previous
neck pain episodes, pain onset due to trauma (yes/no),
smoking (yes/no), radiculopathy (yes/no), current pain
medication (yes/no) and general health (poor/average/
good). A Numerical Rating Scale (NRS) of the present
pain intensity and the Bournemouth Questionnaire as a
comprehensive multi-dimensional outcome tool (Bolton
& Humphreys, 2002) were completed by the patient.
The BQN consists of seven items that assess the influ-
ence of the patient's neck pain on different aspects of
his/her life, such as daily routine or emotional state.
Each item is rated on a scale from 0 to 10, with 0 denot-
ing no influence and 10 maximum influence on the re-
spective aspect. The total score corresponds to the sum
of all ratings.

2.5 | Outcome measures

The outcome measures at follow-up included the NRS for
neck pain and the patient's global impression of change
(PGIC) scale. Both are patient-reported outcome meas-
ures. On the NRS, the patient indicates his/her pain inten-
sity on an 11-point scale, ranging from 0 for ‘no pain’ to 10
for ‘unbearable pain’. A percentage change score (i.e. the
difference in rating before the start of treatment and the
respective follow-up time [1week, 1, 3, 6 and 12 months]
point divided by the rating before the start of treatment)
was calculated. This was done because it has been shown
that the absolute change is influenced by the baseline pain
intensity, which is circumvented by using the percent
change (Farrar et al., 2001).

The PGIC consisted of a seven-item Likert scale and
measures the patient's perceived overall improvement.
Possible responses were ‘much better’, ‘better’, ‘slightly
better’, ‘unchanged’, ‘slightly worse’, ‘worse’ and ‘much

W

worse’. For the purpose of the present study, the data were
dichotomized into ‘improved’, including the categories
‘much better’ and ‘better’, and ‘not improved’ using all
the other categories because the former two categories are
considered to reflect clinically relevant changes to patients
(Dworkin et al., 2008).

2.6 | Prognostic (predictor) variable
The predictor variable of interest was pain duration in
weeks at baseline.

2.7 | Treatment

As the objective of the primary study (Peterson
et al., 2012) was to analyse outcomes of neck pain pa-
tients undergoing usual chiropractic care, participat-
ing chiropractors were instructed to use the treatment
methods they deemed indicated by the case history and
physical examination findings. From the ‘Swiss Job
Analysis’ of the chiropractic profession in Switzerland,
it is known that the most common treatment modality
is the diversified technique, which is a spinal manipu-
lative therapy with a high velocity and low amplitude
thrust. Furthermore, advice on activities, trigger point
therapy, therapeutic exercises, mobilization techniques
and physical therapy modalities are frequently used
(Humphreys et al., 2010).

2.8 | Statistical analysis

The original data were stored in IBM SPSS 21 (IBM). After
conversion into comma-separated values (CSV), analyses
were performed with R 3.4.4 (R Foundation for Statistical
Computing, Vienna, Austria) using the ‘tidyverse’ collec-
tion of packages.

The preparatory data cleaning process consisted of
checking all entries (n = 851) for completeness. All pa-
tients missing the primary predictor, that is pain duration,
were removed (n = 131). Thus, the database contained 720
patients for further analysis. Patients with missing out-
come data were removed for the respective time points,
leaving the following numbers of patients for PGIC at
1week, 1, 3, 6 and 12 months: n = 559 (78%), n = 606
(84%), n = 589 (82%), n = 589 (82%) and n = 565 (78%) and
for NRS at 1week, 1, 3, 6 and 12 months: n = 561 (78%),
n =601 (83%), n = 590 (82%), n = 591 (82%) and n = 567
(79%).

To address the primary aim of this study, univariate
regression analyses were performed in patients with
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pain duration at baseline of at least 3 months. Pain du-
ration (in weeks) served as an independent variable,
percent NRS change or PGIC as dependent variables in
separate analyses. For the PGIC as dichotomized depen-
dent variable logistic regression was used; for percent
NRS change as continuous dependent variable linear
regression was used. In addition, quadratic and cubic
curve fits were used to test for non-linear, monotonous
relationships between pain duration and percent NRS
change as well between pain duration and dichoto-
mized PGIC. It should be noted that for quadratic and
cubic fits pain duration has to be a continuous variable.
Therefore, pain duration in days served as the indepen-
dent variable in these analyses. To potentially account
for the strong data skewness, the regression analysis
was repeated with the log-transformed predictor vari-
able. Although the distribution of the log-transformed
predictor variable corresponded to a normal distribution
(skewness = 0.3, kurtosis = 2.5) the transformation did
not change the results of the analysis. Lastly, a random
forest machine learning approach was also used to test
whether potentially non-monotonic relationships be-
tween predictor variables and outcome measures could
be detected (for details see supplementary material). For
illustrative purposes, outcomes in chronic pain patients
with short chronicity between 3 and 6 months were
contrasted with patients with chronicity of over 4years
using Pearson's y* test of independence for categorical
(PGIC) and Welch's t-test for continuous (NRS) data.

To address the first secondary aim, the regression anal-
yses described for the primary aim were repeated using
the data from patients with any pain duration at baseline.
(It should be noted that this analysis is complementary to
a previously published analysis from the same database
with almost (77%) complete data (Peterson et al., 2012),
in which it was found that proportionately more acute
(pain duration <4weeks) patients improved compared
to chronic (pain duration >3months) patients). To an-
swer the question of how much variance in outcome is
explained by pain duration, the coefficients of determina-
tion, R* adjusted and Nagelkerke's pseudo R for the linear
regressions and logistic regressions, respectively, were cal-
culated. To test the second secondary aim (whether pain
duration predicts outcome in independent data, that is
whether pain duration has true predictive value for out-
come), out-of-sample prediction was used. Specifically,
the data were randomly split with a ratio of 3:1 into a
training and a test set and a linear model (for the linear
regression) or a generalized linear model (for the logistic
regression) was fitted first to the training dataset and then
used to make a prediction on the test dataset. For the cat-
egorical outcome PGIC, the respective goodness of fit was
assessed by comparing the model's accuracy (Acc) to the

no-information rate (NIR) as well as calculating the area
under the receiver operating characteristics' curve (AUC)
of the trained model. For the continuous outcome percent
NRS change, R? was determined.

3 | RESULTS

Eighty-one chiropractors contributed a total of 851 neck
pain patients to the database (of which 720 were used here
because 131 missed the primary predictor, i.e. pain dura-
tion). Approximately, three-quarters of the participat-
ing chiropractors (n = 57) enrolled at least one chronic
neck pain patient, with an average of 4.2 patients per
chiropractor.

3.1 | Patient characteristics

The recruited patients were predominantly female,
middle-aged and non-smokers. For the full study sample,
the mean pain duration at baseline was 62weeks (stand-
ard deviation (SD): 184 weeks; interquartile range (IQR):
24.71), the median pain duration was 5weeks, the mean
NRS pain intensity was 5.8 (SD: 2.25; IQR: 3.13), and the
median NRS pain intensity was 6. Eighty-one percent
worked full- or part-time. Details regarding demographic
and clinical patient characteristics at baseline are pre-
sented in Table 1.

3.2 | Influence of pain duration
on outcomes

To address the primary aim, pain duration was tested for
all five follow-up time points as a statistical predictor of
outcome, that is percent NRS change or PGIC, in patients
with pain longer than 3 months at baseline. To reduce the
likelihood of a false negative finding, quadratic and cubic
relationships were tested in addition to linear relation-
ships. In none of these analyses was pain duration sig-
nificantly related to outcome (see Table 2). Similarly, no
non-monotonic relationships between predictor variables
and outcome measures were observed using the machine
learning approach (details in supplementary material).
Contrasting patients with short (3-6 months) and long
pain chronicity (over 4years) showed no significant dif-
ference except for the follow-up time point at 1week (see
Table 3).

Addressing the first secondary aim, it was calculated
how much variance in outcome is explained by pain du-
ration when patients of any pain duration are considered.
Despite pain duration being a statistically significant
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TABLE 1 Demographic and clinical baseline variables

Age in yrs, mean (SD)
Duration of symptoms in weeks, mean (SD)
Duration expectation, mean (SD)
NRS, mean (SD)
Bournemouth Questionnaire, total score (SD)
Gender
Female, n (%)
Male, n (%)
Marital status
Single
Married
Divorced or separated
Widow
Work status
Working (incl. Part time), n (%)
Not working (student, housewife, unemployed), n (%)
Disability pension, n (%)
Retired, n (%)
Smoker (yes), n (%)
General health
Good, n (%)
Average, n (%)
Poor, n (%)
Previous episodes
0 prev. Episode, n (%)
1 prev. Episode, n (%)
2 prev. Episodes, n (%)
3 prev. Episodes, n (%)
>4 prev. Episodes, n (%)
Current pain medication (yes)

Radiculopathy (yes), n (%)

W

Chronic patients All patients
(n = 238;33%) (n = 720)
41.2(13.9) 41 (13.5)
182 (285) 62 (184)
5.1(2.7) 4.1(2.7)
5.51 (2.36) 5.78 (2.25)
30.3 (14.3) 31.9 (15.2)
162 (68%) 470 (65%)
76 (32%) 250 (35%)
91 (38%) 270 (38%)
118 (50%) 372 (52%)
18 (8%) 51 (7%)
4(2%) 9 (1%)

189 (79%) 582 (81%)
32 (13%) 78 (11%)

0 (0%) 4(1%)

16 (7%) 42 (6%)

59 (25%) 149 (21%)
122 (52%) 442 (61%)
103 (44%) 231 (32%)
10 (4%) 33 (5%)
128 (54%) 343 (48%)
10 (4%) 102 (14%)
5(2%) 32 (4%)

4 (2%) 21 (3%)
1(<1%) 17 (2%)

67 (28%) 235 (33%)
28 (12%) 103 (14%)

Duration expectation: larger numbers indicate that patients expect their pain to last longer; Bournemouth Questionnaire: larger numbers indicate higher
burden; NRS: numeric pain rating scale 0-10; SD: standard deviation. For some demographic and baseline variables, the numbers do not add up to the total
number of patients because some did not respond to all questions. Chronic patients: patients with a pain duration >3 months.

predictor of both outcomes (percent NRS change and
PGIC) for most follow-up time points, the amount of vari-
ance explained was small (between 3% and 33%, Table 4).

It is worth noting that the large majority of all patients
improved at all follow-up time points (dichotomized PGIC
‘improved’ and or any positive percent NRS change score).
This information is detailed in Table 5. Additionally, the
percentages of patients reporting a 30% or more reduction
in NRS are reported because such a reduction is consid-
ered clinically important (Farrar et al., 2001).

To understand whether pain duration across all pa-
tients has true predictive value for outcome in addition
to the confirmed statistical prediction (second secondary
aim), out-of-sample prediction was performed. Percent
NRS change could not be predicted at any of the follow-up
time points (R* <0.05). PGIC could be predicted only at
1-week follow-up (p = 0.032 for Acc [0.65]>NIR [0.57]
with AUC = 0.75). For all other follow-up time points,
PGIC could not be predicted by pain duration (p > 0.5 [for
Acc>NIR] with AUC <0.6).
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<0.01
<0.01
<0.01
<0.01
<0.01

RZ

Cubic
0.539
0.791
0.778
0.785
0.656

<0.01
<0.01
<0.01
<0.01
<0.01

RZ

Quadratic
0.791
0.978
0.577
0.994
0.487

<0.01
<0.01
0.03

<0.01
<0.01

R2

Percent NRS change

Linear
0.988
0.997
0.27
0.622
0.815

R?
0.05
0.03
<0.01
<0.01
0.04

Cubic
0.085*
0.228
0.762
0.836
0.175

R?

01
<0.01
<0.01
<0.01
0.03

0.

Quadratic
0.504
0.749
0.936
0.959
0.156

0.28
0.21
0.21
0.23

0.3

RZ

PGIC
Linear
0.297
0.528
0.35
0.078%

0.1*

p

1week

1 month
3months
6 months
12 months

TABLE 2 The influence of pain duration on patient global impression of change (PGIC) and percent NRS change for chronic neck pain patients (pain duration >3 months) using different
Note: Linear, quadratic and cubic fits were performed to determine whether the outcome variables (dichotomized PGIC or percent NRS change) at the different follow-up time points depended on pain duration (in
weeks) for chronic pain patients. The amount of variance explained by the respective independent variable is calculated as Nagelkerke's pseudo R (dichotomized PGIC) or R? (percent NRS change). There was no

significant influence of pain duration on outcome for any of the follow-up time points.
A p-value between 0.05 and 0.1 is considered a statistical trend. FU, follow-up, p, p-value.

explanatory models
FU time point

TABLE 3 Comparison of patient global impression of change
(PGIC) and percent NRS change for chronic patients with pain
duration of 3-6 months (n =61) and over four years (n =65)

Percent
NRS
PGIC change
FU time point p-value p-value
1week 0.037 0.035
1 month 0.396 0.184
3months 0.549 0.81
6months 0.832 0.607
12 months 0.44 0.346

Note: Statistical tests were performed with Pearson's y* test of independence
for categorical and Welch's t-test for continuous data. Bold type face
indicates a significant p-value.

TABLE 4 The influence of pain duration on patient global
impression of change (PGIC) and percent NRS change in patients
of any pain duration

. PGIC Percent NRS change

FU time

point p-value R? p-value R?

1week (559, <1078 0.33 0.008 0.05
561)

1month (606, <0.001 0.19 0.512 <0.01
607)

3months <0.01 0.17 <0.05 0.03
(589, 590)

6months <0.005 0.18 <107° 0.11
(589, 591)

12 months 0.0517* 0.16 <0.01 0.05
(565, 567)

Note: Regression analyses were performed to determine whether the
outcome variables (dichotomized PGIC or percent NRS change) at the
different follow-up time points depended on pain duration (in weeks). The
amount of variance explained by the respective independent variable is
calculated as Nagelkerke's pseudo R? (dichotomized PGIC) or R* (percent
NRS change). A significant influence of pain duration on outcome is
indicated by bold type face.

p-value between 0.05 and 0.1 is considered a statistical trend. FU: follow-up.
At each FU time point the number of data points (PGIC, Percent NRS
change) are given.

It should be noted that multivariate analyses, including
any other predictor variables from Table 1, did not change
the conclusions of the analyses.

4 | DISCUSSION

Two main conclusions can be drawn from the present
study: first, pain duration did not have an influence on
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TABLE 5 Patientimprovement

W

PGIC ‘improved’ Any NRS reduction NRS reduction of 30% or more
All patients Chronic patients All patients Chronic patients All patients Chronic patients

FU time point (n = 720) (n = 238) (n =1720) (n = 238) (n = 1720) (n = 238)

1week 58% 38% 76% 65% 48% 56%

1 month 74% 62% 85% 79% 76% 66%

3months 78% 69% 87% 80% 78% 69%

6 months 78% 67% 89% 79% 78% 64%

lyear 82% 74% 89% 84% 83% 74%

Note: Percentages of patients who reported improvement according to PGIC or percent NRS change and of patients who reported a reduction of NRS > = 30%.

FU: follow-up Chronic patients: patients with a pain duration >3 months.

the outcome when only chronic patients were considered.
Second, in the full sample with patients of any pain du-
ration, pain duration explained some of the variance in
outcome, in accordance with previous studies. The high-
est amount of variance (33%) was explained for PGIC at
1-week follow-up. Interestingly, pain duration only ex-
plained 5% of the variance in percent NRS change at the
1-week follow-up, suggesting that PGIC and changes in
pain intensity are partly independent from each other.
Generally, the amount of variance explained was small
and no-out-of-sample prediction was possible. These find-
ings question the importance of pain duration as a predic-
tor of outcome in neck pain patients.

The secondary data analysis presented here was mo-
tivated by the importance of the first clinical encoun-
ter between healthcare professionals and patients. The
healthcare professional quickly forms a clinical impres-
sion of the patient that is likely to influence future inter-
actions with the patient (Jensen et al., 2014). Among the
patient characteristics that contribute to the clinician's
impression is chronicity, that is for how long the patient
has experienced her/his symptoms (Kongsted et al., 2016).
Therefore, this study focused on symptom duration as a
predictor for outcome in patients with neck pain.

4.1 | Pain duration as a predictor of
patient outcomes

It is conceivable that pain duration influences outcome by
means of chronification processes that influence pain res-
olution (McCarberg & Peppin, 2019). Indeed, numerous
previous studies have identified pain duration as a predic-
tor for outcomes in neck pain patients (Bot et al., 2005;
Cleland et al., 2007; Hill et al., 2007; Hoving et al., 2004;
Meisingset et al., 2018; Puentedura et al., 2012; Sleijser-
Koehorst et al., 2018; Vos et al., 2008). In fact, it has been
concluded that ‘[...] the most consistent predictor of poor
outcome [is] duration of the symptoms at baseline’ (Bot

et al., 2005). Nevertheless, the results of the present analy-
sis suggest a more nuanced picture, at least in this patient
sample.

First, previous findings that pain duration statistically
predicts outcomes in neck pain patients were replicated.
But, this only applied when patients of any pain dura-
tion were considered, that is the full spectrum of acute,
sub-acute and chronic patients. Because many patients
with neck pain recover (Miedema et al., 2016), only a
subset of the acute patients will transition eventually
to being chronic patients. This natural course of neck
pain is highly likely to at least contribute to the observed
influence of pain duration on the outcome. Therefore,
the primary aim of the present study was to consider
only chronic patients, that is patients with pain dura-
tion longer than 3 months. Similar to one previous study
that included exclusively neck pain patients of at least
6 months duration (Cecchi et al., 2011), no influence of
pain duration on outcome was found. The finding that
outcomes in patients who have had pain for years are
comparable to outcomes in patients who have had pain
for just over 3months is potentially very important. It
implies that the prognosis for very chronic patients is
similar to ‘short-term’ chronic patients. Furthermore,
the finding implies that chronification processes are ei-
ther similar, or if dissimilar, can be resolved to the same
degree, between chronic patients with different pain
durations.

Second, the importance of pain duration as a predictor
of the outcome when patients of any chronicity are con-
sidered has to be questioned for at least two reasons. First,
pain duration only explained a relatively small amount of
variance of outcomes, with a maximum at the 1-week fol-
low-up when it explained 33% of the variance of PGIC.
Second, it is important to differentiate between statistical
and real predictions. When regression analyses without
out-of-sample prediction were used in this study, as have
most previous studies on the topic (Bot et al., 2005; Cleland
et al., 2007; Feleus et al., 2007; Hill et al., 2007; Hoving
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et al., 2004; Meisingset et al., 2018; Miedema et al., 2016;
Puentedura et al., 2012; Sleijser-Koehorst et al., 2018; Vos
et al., 2008), a certain predictive power of pain duration
on outcome was observed. In contrast, with the exception
of PGIC at 1-week follow-up, no out-of-sample prediction
was observed, neither using classical regression analyses
incorporating training and test datasets. This suggests that
pain duration is only of limited value, if of value at all, to
predict the outcome of a new patient, at least in regards to
a neck pain patient consulting a chiropractic primary care
clinic in Switzerland.

4.2 | Clinical significance

In low back pain, long duration (of the current episode)
has been found to be strongly associated with clinicians'
expectations of a severe, long-lasting course as well as with
a relatively high uncertainty regarding the patient's clini-
cal course (Kongsted et al., 2016). Also, healthcare profes-
sionals feel unprepared to manage patients with chronic
pain (Slade et al., 2012). Based on the results of the present
study, such concerns do not seem justified. It is important
that the relatively bold conclusion in the literature that
pain duration is a consistent predictor of outcome (Bot
et al., 2005) is considered in a more nuanced way to en-
sure that clinicians are aware of the low predictive power
pain duration for outcome in an individual patient.

4.3 | Limitations and strengths

One of the strengths of this study is the large sample size
of patients undergoing chiropractic treatment who had
long-term follow-up outcome data collected using well-
validated outcome measures. Another strength of this
study is that regarding age, smoking status and unem-
ployment rate, the population studied corresponds ap-
proximately to the national Swiss average (Bundesamt
fiir Statistik, 2017, 2018; State Secretariat for Economic
Affairs SECO, 2019). Only the distribution of gender de-
viated from the national average, with a higher propor-
tion of women in the neck pain database (Bundesamt fiir
Statistik, 2018). A potential limitation is that it remains
unknown whether the results obtained here can be ex-
trapolated to other neck pain populations. Nevertheless,
the sample size was large in comparison to previous
studies on the topic (e.g. Cleland et al., 2007; Meisingset
et al.,, 2018; Puentedura et al., 2012; Sleijser-Koehorst
et al., 2018) and therefore, the present conclusions should
generally hold up. It should be pointed out that none of
the outcome measures used in this study directly relates
to disability associated with neck pain. It also needs to be

emphasized that with the existing database it is impossi-
ble to determine to which degree the observed outcomes
are influenced by patients receiving chiropractic care and
to which degree they represent the natural course of neck
pain. Lastly, the study cohort showed a striking difference
between the mean and the median pain duration: 184
and 5weeks respectively. This is a common phenomenon
when assessing all patients together without first strati-
fying them by pain duration, which is typically not done
(e.g. Bohman et al., 2019; Bot et al., 2005; Coté et al., 2004;
Hill et al., 2004; Thoni et al., 2017). Any regression analy-
sis performed on such a sample will of course suffer from
this shortcoming. Regression analyses were nevertheless
performed in the present study to replicate previous work.
In addition, a machine learning approach was used to
circumvent for which normally distributed data are not a
requirement. All the different types of analyses led to the
same conclusion.

5 | CONCLUSIONS

Pain duration did not emerge as an important predictor
of outcome in this large database of neck pain patients
receiving chiropractic treatment; particularly not when
only chronic patients were considered. This is potentially
important for the first encounter of such patients with
healthcare professionals.
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