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Abstract

Shoulder pain is common in primary care and has an unfavourable outcome in many patients. Information about predictors of
outcome is scarce and inconsistent. The objective of this study was to develop clinical prediction rules for calculating the absolute
risk of persistent shoulder symptoms for individual patients, 6 weeks and 6 month after the first consultation in general practice. A
prospective cohort study with 6 months follow-up was carried out in three geographic areas in The Netherlands. In this study, 587
patients with a new episode of shoulder pain were included. The main outcome measure was persistent symptoms at 6 weeks and 6
months, perceived by the patient. Potential predictors included the results of a physical examination, sociodemographic variables,
disease characteristics (duration of symptoms, pain intensity, disability and comorbidity), physical activity, physical workload and
psychosocial factors. Response rates to the follow-up questionnaires were 83% at 6 weeks and 92% at 6 months. A longer duration
of symptoms, gradual onset of pain and high pain severity at presentation were consistently associated with persistent symptoms at 6
weeks and 6 months. The discriminative validity of our prediction rules was satisfactory with area under the curves of 0.74 (95% CI
0.70, 0.79) at 6 weeks and 0.67 (95% CI 0.63, 0.71) at 6 months. The performance of our rules needs to be tested in other populations
of patients with shoulder pain to enable valid and reliable use of the rules in everyday clinical practice.
© 2005 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Shoulder pain is common with a one-year prevalence
ranging between 5% and 47% (Bot et al., 2005; Luime
et al.,, 2004; Picavet and Schouten, 2003; Bongers,
2001; Van der Heijden, 1999). The point prevalence in
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the general population in The Netherlands has recently
been estimated at 17% (Van der Linden et al., 2005).
The annual incidence of consultation for a new episode
of shoulder pain in Dutch general practice ranges between
12 and 25/1000/year (Bot et al., 2005; Okkes et al., 1998;
Van der Linden et al., 2005; Van der Windt et al., 1995).

Shoulder pain has an unfavourable outcome in many
patients. Only about 50% of all new episodes of shoulder
pain presented in primary care show complete recovery
within six months (Croft et al., 1996; Van der Windt
et al., 1996; Winters et al., 1999a,b), after one year this
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proportion increases to only 60% (Van der Windt et al.,
1996). Knowing more about the prognostic value of clin-
ical, psychosocial and occupational factors in patients
with shoulder pain will help to provide patients with ade-
quate information regarding the most likely course of
their symptoms. Such information may also support deci-
sions regarding treatment and referral of patients.

In a systematic review of the literature, we summa-
rised the available evidence from 16 studies regarding
predictors of outcome of shoulder pain (Kuijpers
et al., 2004). Only six studies were of relatively high
quality. In a primary care population, strong evidence
for predicting poor outcome was only found for ‘high
pain intensity’. For any other variable, including psy-
chosocial variables, convincing evidence for their predic-
tive value is lacking. We performed a cohort study
among patients with shoulder pain consulting their gen-
eral practitioners (GPs) and followed them for 6
months. The objective of this study was to determine
which combination of factors predicts the outcome of
an episode of shoulder pain 6 weeks and 6 months after
the first consultation in a general practice population.
Our aim was to develop a clinical prediction rule for cal-
culating the absolute risk of persistent symptoms for
individual patients in general practice.

2. Methods
2.1. Recruitment

Between January 2001 and June 2003, 103 GPs recruited
patients at first consultation for a new episode of shoulder pain
in three geographic areas in the Netherlands (Amsterdam,
Groningen and Maastricht). The primary reason for consulta-
tion had to be shoulder pain. In this study, shoulder pain was
defined according to the 1999 version of the Dutch guidelines
for shoulder complaints, issued by the Dutch College of Gen-
eral Practitioners (Winters et al., 1999a,b). In the guideline,
shoulder pain is characterised as pain in the deltoid and upper
arm region. GPs used this definition to select patients with
shoulder pain for our study.

Patients were selected by their GP if they were 18 years or
older of age and had not consulted their GP or received any
form of treatment for the afflicted shoulder in the preceding
3 months. GPs were instructed to select consecutive patients.
Sufficient knowledge of the Dutch language was required to
complete written questionnaires. Exclusion criteria were severe
physical or psychological conditions (i.e., fractures or luxation
in the shoulder region; rheumatic disease; neoplasm; neurolog-
ical or vascular disorders; dementia). Data collection was
approved by the Medical Ethics Committee of the VU Univer-
sity Medical Center, Amsterdam, The Netherlands.

2.2. Management of shoulder pain

All patients received standardised treatment according to
the 1999 version of the Dutch guidelines for shoulder com-
plaints issued by the Dutch College of General Practitioners
(Winters et al., 1999a,b). The guidelines recommend giving

information on the prognosis of shoulder pain, advice regard-
ing provoking activities and stepwise treatment consisting of
paracetamol, Non-Steroidal Anti-Inflammatory Drugs (NSA-
IDs), corticosteroid injection or referral for physiotherapy.
The GP made the decision regarding the content of treatment
based on duration and severity of pain and disability. The par-
ticipating GPs were educated and trained to apply treatment
according to this guideline.

2.3. Prognostic factors

Within 10 days after they had consulted the GP, partici-
pants gave written informed consent and completed an exten-
sive baseline questionnaire. The questionnaire contained
questions on sociodemographic variables, disease characteris-
tics (i.e., pain intensity, disability, duration of complaints,
onset and comorbidity), physical activity, physical workload
and psychosocial factors. Patients were also physically exam-
ined by a trained assistant at baseline.

The sociodemographic variables and disease characteristics
were measured using a checklist which mainly consisted of yes
or no questions. Physical activity was measured with a single
question (less/equally/more active than others). We measured
physical workload with a self-constructed scale of 5 questions
(yes/no) concerning pushing and pulling, lifting weights, work-
ing with hands above shoulder level and the use of vibrating
tools on at least two days a week (total score 0-5, Crohnbach’s
o = 0.74). Repetitive movements, on at least two days a week,
were also measured with a single question answered with yes or
no.

The psychosocial factors coping, anxiety, depression,
somatisation, distress, fear-avoidance beliefs and kinesiopho-
bia were measured with widely used standardised question-
naires. Coping was assessed with the 43-item Pain Coping
and Cognition List (PCCL) (Berg et al., 2001), consisting of
the subdomains catastrophising (1-6 points, Crohnbach’s
o =0.63), coping with pain (1-6 points, Crohnbach’s
o =0.83), internal (1-6 points, Crohnbach’s o« =0.76) and
external loci of control (1-6 points, Crohnbach’s « = 0.65).
Anxiety (0-24 points, Crohnbach’s o = 0.77), depression (0—
12 points, Crohnbach’s « = 0.90), somatisation (0-32 points,
Crohnbach’s « = 0.82) and distress (0-32 points, Crohnbach’s
o =0.92) were measured with the 50-item Four-Dimensional
Symptom Questionnaire (4DSQ) (Terluin, 1996; Terluin
et al., 2004). Fear-avoidance beliefs were assessed using the
4-item physical activity subscale of the Fear-Avoidance Beliefs
Questionnaire (FABQ; 0-24, Crohnbach’s o« = 0.73) (Vendrig
et al., 1998; Waddell et al., 1993). Kinesiophobia, finally,
was measured using two items (no. 1 and no 9.) of the Tampa
Scale for Kinesiophobia (TSK; 0-12 points, Crohnbach’s
o = 0.82) (Kori et al., 1990; Vlaeyen et al., 1999). The question-
naire also included a general one-item question regarding the
presence (yes/no) of any psychological problems (e.g. distress,
depression and anxiety).

Functions of the shoulder joint and cervicothoracic spine
were tested during a physical examination. For the glenohu-
meral joint active and passive abduction, passive external rota-
tion (Bergman et al., 2004a) and shoulder impingement (Neer,
1983) were tested. Two alternative functional tests, HIB
(Hand-in-back) and HIN (Hand-in-neck) (Solem-Bertoft
et al., 1996; Westerberg et al., 1996) measured on a 7-point
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scale (score 0 =very poor range of motion, score 7 = full
range of motion), were performed as well. The assistant esti-
mated the range of motion in degrees (°).

During all mobility tests, self-reported pain was assessed on
a 4-point scale (0 = no pain; 3 = severe pain). A factor analysis
on the results of a physical examination in a similar population
of patients with shoulder pain resulted in four factors: shoul-
der mobility, shoulder pain, neck mobility and neck pain
(Bergman et al., 2004a).

The factor ‘shoulder mobility’ consisted of 6 mobility tests:
HIB, HIN, active abduction, passive abduction, external rota-
tion and impingement. For calculation of the sum score (0-18
points) variables were recoded into a 4-point scale, with 0
reflecting full range of motion and 3 points reflecting very poor
range of motion. HIB/HIN scores were recoded as: score 7 = 0;
scores 5 and 6 =1; scores 3 and 4 =2; scores 1 and 2 =3.
Abduction (active and passive) was recoded as 170-180° = 0;
140-170° = 1; 90-140° = 2; 0-90° = 3. External rotation was
recoded as: >80° = 0; 70-80° = 1; 50-70° = 2; <50° = 3. Dur-
ing the impingement test, pain was measured (0 =no pain;
3 = severe pain). The factor ‘shoulder pain’ (0-18 points) con-
sisted of the sum of the pain scores during the mobility tests.

The factor ‘neck mobility’ (0—4 points) consisted of rotation
of the cervicothoracic spine in neutral, flexed and extended
position, and lateral bending. These range of motion tests were
scored as (1 =decreased range of motion and 0=no
decreased range of motion). The factor ‘neck pain’ (0-18
points) consisted of the sum of the pain scores during flexion
and extension of the neck, rotation in a neutral, flexed and
extended position, and lateral bending.

2.4. Outcome measurements

The outcome was measured by postal questionnaires at 6
weeks, 3 and 6 months. We restricted the length of the follow-
up period to 6 months. Previous studies in primary care have
shown that most recovery occurs in this period (Croft et al.,
1996; Van der Windt et al., 1996; Winters et al., 1999a,b). This
means that little information can be gained after 6 months fol-
low-up. Our primary outcome measure ‘Patient perceived recov-
ery’ was measured on an 8-point scale. Patients who did not
report full recovery or very much improvement were denoted
as having “‘persistent symptoms” (Bergman et al., 2004b; Van
der Windt et al., 1998). Patients who did not reply at 6 weeks
were re-contacted at 3 and 6 months. Secondary outcome mea-
sures were shoulder disability, measured with the 16-item shoul-
der disability questionnaire (SDQ; 0-100) (Van der Heijden
et al., 2000), pain (0—10 numeric rating scale) (Van der Windt
et al., 1998) and severity of the main complaint (0-10 numeric
rating scale) (Beurskens et al., 1999). We studied the relationship
between our primary and secondary outcome measures to deter-
mine if patients with persistent symptoms after 6 weeks and 6
months showed higher levels of pain and disability.

2.5. Analysis

Missing values of patient characteristics were imputed
(approximately 1% of all required values at both 6 weeks
and 6 months). Imputation was based on the correlation
between each variable with missing values with the other
patient characteristics. Univariable logistic regression analyses

were performed for all potential prognostic indicators with our
primary outcome measure, i.e., persistent symptoms, at either
short term (6 weeks) or long term (6 months). The linearity of
the associations of continuous variables with outcome was
studied. Factors were categorised if they did not show a linear
association with the outcome. Variables that had a statistically
significant association with the outcome (p-value < 0.20) were
selected as candidate predictors for the multivariable analysis.
Not more than one independent variable per 10 events was
included in the multivariable analysis (Harrell et al., 1996; Alt-
man, 1991). We presented the univariable ORs along with the
95% confidence intervals as well as with p-values to enable the
reader to choose alternative statistical significance levels for
the selection of variables for the multivariable analysis.

Separate prediction models were developed for persistent
symptoms at short term and long term. A second selection step
was performed in the multivariable model, that contained all
candidate predictors with stepwise backward selection. Vari-
ables with the lowest predictive value were deleted from the
model until further elimination of a variable resulted in a sta-
tistically significant lower model fit estimated with the log-like-
lihood ratio test (p < 0.20).

Bootstrapping techniques were used to study the internal
validity of the final prediction model, i.e., to adjust the estimat-
ed regression coefficients for overfitting and the model perfor-
mance for overoptimism (Efron and Tibshirani, 1993; Harrell
et al., 1996). The model’s performance obtained after boot-
strapping can be considered as the performance that can be
expected in similar future patients. Random bootstrap samples
were drawn with replacement (100 replications) from the full
data set. The multivariable selection of variables was repeated
within each bootstrap sample. All analyses were performed
using S-plus 6.1 (Insightful Corp., Seattle, WA, USA).

2.6. Evaluation of the model

The reliability of the multivariable model was determined
by use of the Hosmer-Lemeshow goodness-of-fit statistic
(Hosmer and Lemeshow, 1989). Calibration of the model pre-
dictions was assessed by plotting the predicted individual prob-
abilities against the observed individual probabilities for
persistent symptoms. For this, patients were grouped into dec-
iles according to their predicted probability for persistent
symptoms according to the model. The prevalence of the end-
point within each decile represents the observed individual
probability. The area under the receiver-operating characteris-
tic curve (ROC) was used to assess the discriminative ability of
the model. The ROC-curve plots the true-positive rate (sensi-
tivity) against the false-positive rate (1 — specificity) at any giv-
en cut-off value. The curve illustrates the ability of the model
to discriminate between patients with and without persistent
symptoms at subsequent cut-off points along the range of the
predicted probabilities. An area under the curve (AUC) of
0.5 indicates no discrimination above chance, whereas an
AUC of 1.0 indicates perfect discrimination.

2.7. From a prediction model to an individual patient’s risk
We developed a clinical prediction rule (Wasson et al.,

1985; Wasson and Sox, 1996; Laupacis et al., 1997) for out-
come at 6 weeks and 6 months, to provide an estimate for indi-
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vidual patients of their absolute risk of persistent symptoms.
The probability (P) of persistent symptoms was predicted by
P=1/[1+exp—(ap+bix;+---+byx;)]. The status of a
patient for any dummy or binary variable included in the pre-
diction rule can be either 0 or 1, while for a (semi) continuous
variable it takes the actual observed value.

2.8. Score charts

To facilitate the calculation of an individual patient’s risk,
we developed score charts. We divided the regression coeffi-
cients by the lowest coefficient and rounded them off to the
nearest integer to form the scores for the predictors. The
sum of the scores corresponded to a risk of poor outcome.

3. Results
3.1. Study population and follow-up

At baseline 587 patients were questioned and physi-
cally examined. Table 1 lists the baseline characteristics
of the participants. At 6 weeks 487 (83%) and at 6
months 538 (92%), patients returned the postal ques-
tionnaire. The drop-outs at 6 weeks and 6 months were
younger than the responders (mean difference being 4
years and 6 years, respectively). The drop-outs at 6
months showed more often an acute onset (49% versus
36%) and less repetitive movements in their work (26%
versus 36%) at baseline in comparison with the
responders.

At 6 weeks 70% (n=340) and at 6 months, 46%
(n =249) patients reported persistent symptoms. Of
these 249 patients, only 22 reported that symptoms
had recurred after initial recovery at 6 weeks. Table 2
shows that patients with persistent symptoms reported
also more pain, more shoulder disability and higher
severity of the main complaint.

3.2. Management of shoulder pain

At baseline most patients (n =423, 72%) received a
wait-and-see policy, paracetamol, or NSAIDs. Further-
more, 68 patients (12%) received an injection with corti-
costeroid, 58 patients (10%) were referred for
physiotherapy and 28 patients (6%) received other
therapies.

3.3. Prognostic factors

Table 1 also presents the univariable association of
potential predictors with outcome at 6-weeks and 6-
months follow-up. Given the fact that median baseline
scores on distress, anxiety and somatisation were very
low, scores on these psychological factors were dichoto-
mised. Variables, which showed a univariable associa-
tion (p <0.20), were selected for the backward
stepwise selection analysis. Table 3 presents the vari-

ables included in the prediction models for persistent
symptoms at 6 weeks and 6 months after backward step-
wise selection (p < 0.20). A longer duration of symp-
toms at baseline, gradual onset of shoulder complaints
and higher pain intensity were associated with a poorer
prognosis at both 6 weeks and 6 months. Furthermore,
concomitant psychological complaints, repetitive move-
ments and increasing neck pain scores at physical exam-
ination were associated with persistent symptoms at 6
weeks. A poor prognosis at 6 months was additionally
predicted by concomitant back pain and increasing
shoulder pain scores at physical examination.

3.4. Evaluation of the models

The reliability of the models was adequate, according
to the Hosmer-Lemeshow statistic, with a p-value of
0.51 for the model at 6 weeks and 0.16 at 6 months.
Fig. 1 shows the calibration of the predictions. The pre-
dicted and observed probabilities are rather close to the
45° line, demonstrating good calibration of the predic-
tions by the two models. The AUCs for the models at
6 weeks and 6 months were 0.74 (95% CI 0.70-0.79)
and 0.67 (95% CI 0.63-0.71). The predicted risks of per-
sistent symptoms are widely distributed (Fig. 2).

3.5. Score charts

Fig. 3 shows the score charts for calculating the risk
of persistent symptoms at the short and long term.
For instance, a patient with shoulder complaints for 3
weeks at baseline with a gradual onset of symptoms,
and a shoulder pain score of 1 point, has a prognostic
score of 8 points for the short term and 12 points in
the long term, which implies 40-50% risk of persistent
symptoms at 6 weeks and 20-30% at 6 months.

4. Discussion

This is the first prospective cohort study on shoulder
pain, in which a score chart is developed that may be
used by GPs to calculate the risk of persistent symptoms
for individual patients. Duration of complaints, gradual
onset and pain intensity were strong predictors for both
short- and long-term prognosis.

4.1. Prognostic factors

In a systematic review (Kuijpers et al., 2004) of the
literature we found only strong evidence for ‘high pain
intensity’ as a predictor of poor outcome. In our study,
high pain intensity was also found to be a strong predic-
tor of persistent symptoms at short-term (6 weeks) and
long-term (6 months) follow-up. The results of our anal-
yses showed somewhat different sets of predictors for
short- and long-term results, but both analyses demon-
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Table 1
Baseline characteristics of patients with shoulder pain (n = 587) and univariable associations with persistent symptoms at 6 weeks and 6 months
Variable n (%) 6 weeks 6 months
OR 95% CI p* OR 95% CI P
Demographic
Age (years); mean (SD) 51 (14) 1.0 1.0, 1.0 0.32 1.0 1.0, 1.0 0.29
Gender: male 292 (50) 1.3 0.9, 2.0 0.14 0.9 0.6, 1.3 0.65
Education 0.04 0.12
Low® 210 (36)
Middle 234 (40) 1.0 0.6, 1.6 0.7 0.5, 1.0
High 135 (23) 0.6 0.3, 0.9 0.7 0.4, 1.0
Disease characteristics
Duration of complaints <0.001 <0.001
0-6 weeks® 205 (35)
7-12 weeks 139 (24) 2.3 14,39 1.8 1.2,2.9
>3 months 242 (41) 5.4 3.3,89 3.5 23,52
Gradual onset (versus acute) 363 (62) 2.9 19,43 <0.001 2.2 1.5, 3.0 <0.001
Precipitating cause
Unexpected movement 33 (6) 0.8 04,18 0.59 1.3 0.6, 2.8 0.43
Strain/overuse: unusual activities 96 (16) 3.6 1.1, 12.2 0.21 0.6 0.4, 1.0 0.04
Strain/overuse: usual activities 138 (24) 1.8 1.1, 3.1 0.02 1.3 0.8, 1.9 0.25
Injury 33 (6) 3.6 1.1, 12.2 0.03 2.4 1.1, 5.5 0.03
Sport injury 29 (5) 1.2 0.5,3.2 0.67 0.9 0.4, 2.0 0.82
Unknown 239 (41) 0.7 0.4, 1.0 0.03 0.9 0.7, 1.3 0.67
Shoulder complaints in the past 348 (62) 1.3 0.9, 2.0 0.16 1.3 09,19 0.10
Neck complaints in the past 296 (51) 1.9 13,28 0.00 1.4 1.0, 2.0 0.04
Dominant side involved 362 (62) 1.3 0.9, 1.9 0.24 1.2 0.9, 1.7 0.29
Comorbid psychological complaints 55(9) 3.3 1.3, 8.7 0.01 1.5 0.8, 2.7 0.19
Concomitant musculoskeletal complaints
Neck/high back 209 (36) 1.7 1.1, 2.6 0.01 1.6 1.1,2.2 0.01
Low back pain 139 (24) 1.5 0.9,2.3 0.13 2.2 1.5,3.3 <0.001
Upper extremity 174 (30) 2.0 1.2,3.8 <0.001 1.7 1.2,2.4 0.01
Lower extremity 177 (30) 1.2 0.8, 1.9 0.44 1.7 1.2,2.5 <0.001
Shoulder pain (0-10); mean (SD) 4.8 (2.3) 1.3 1.1, 1.4 <0.001 1.2 1.1, 1.3 <0.001
Shoulder disability (0-100); mean (SD) 59.9 (24.2) 1.0 1.0, 1.0 <0.001 1.0 1.0, 1.0 <0.001
Physical examination
ROM shoulder (0-18); mean (SD) 6.8 (4.3) 1.1 1.0, 1.2 0.01 1.7¢ 1.0,2.2 0.22
Pain shoulder with movement (0-18); median (IQR) 4 (24 1.1 1.1, 1.7 <0.001 1.1 1.1, 1.2 <0.001
ROM neck (0-4); median (IQR) 0 (0-0) 1.1 1.0, 1.3 0.10 0.9¢ 0.6, 1.4 0.53
Pain neck with movement (0-18); median (IQR) 0 (0-0) 1.2 1.1, 1.3 <0.001 1.1 1.0, 1.2 0.01
Physical factors
Dynamic physical workload (0-5); median (IQR) 1(1-2) 1.2 1.0, 1.4 0.02 1.0 0.6, 1.5 0.11
Repetitive movements 384 (65) 2.1 14,3.1 <0.001 1.2 0.8, 1.7 0.33
Physical activity in comparison to others 0.03 0.20
More active® 126 (39)
Equally active 245 (42) 0.6 04,09 0.9 0.6, 1.3
Less active 110 (19) 1.2 0.7,2.2 1.4 09,23
Psychosocial factors
Coping (mean, SD)
Catastrophising (1-6) 2.2(0.8) 1.4 1.1, 1.8 0.02 1.4° 0.7, 2.6 0.42
Coping with pain (1-6) 3.1(1.0) 1.0° 0.2,4.2 0.96 2.2° 0.6, 9.0 0.21
Internal locus of control (1-6) 3.3(0.9) 0.8° 02,39 0.45 1.4¢ 04,53 0.62
External locus of control (1-6) 3.2(0.9) 0.6° 0.1, 3.1 0.73 1.3 0.7, 1.3 0.32
4DSQ (median, IQR)
Distress (0-32) 0 (0-0) 2.2¢ 0.7, 6.6 0.15 2.64 1.2,5.8 0.02
Depression (0-12) 0 (0-0) 3.0¢ 0.4, 25.2 0.52 3.0° 0.6, 154 0.36
Anxiety (0-24) 0 (0-0) 1.8¢ 0.4, 8.0 0.46 1.2¢ 0.2, 5.9 0.85
Somatisation (0-32) 0(0-2) 5.4 1.2,224 0.03 2.5¢ 1.1,54 0.02
Fear-avoidance (0-24); mean (SD) 14.1 (5.6) 1.0 1.0, 1.1 0.74 1.0 1.0, 1.0 0.71
Kinesiophobia (0-12); median (IQR) 2 (0-2) 0.9¢ 0.4, 2.0 0.99 1.5¢ 0.7, 3.0 0.26

SD = standard deviation; IQR = inter-quartile range; ROM = range of motion; 4DSQ = four-dimensional symptom questionnaire.

% Variables with a univariable p-value < 0.20 were selected for the multivariable analysis of persistent symptoms at 6 weeks and 6 months.

® Reference category.

¢ In case of non-linear associations, continuous variables were divided into categories. The table presents the Odds Ratio (OR) for the highest
versus lowest category.

4 Variable was dichotomised.
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Table 2

Secondary outcome measures for patients with and without persistent symptoms at 6 weeks and 6 months

Outcome measures; mean (SD) 6 weeks

6 months

Persistent symptoms

Persistent symptoms

Yes No Yes No
Pain (0-10) 4.3 (2.1) 0.5(0.9) 4.1 (2.3) 0.4 (1.1)
Shoulder disability (SDQ) (0-100) 53.0 (25.5) 10.4 (16.6) 52.2 (26.7) 5.9 (14.5)
Severity of main complaint (0-10) 4.8 (2.6) 0.8 (1.5) 5.0 (2.8) 0.6 (1.3)

strated that duration and severity of symptoms (disease
characteristics) were more important in predicting out-
come than physical or psychosocial factors. It has previ-
ously been suggested that psychosocial factors such as
dysfunctional pain cognition or mistaken beliefs about
pain and inappropriate pain behaviour are likely to pre-
dict a poor outcome of painful musculoskeletal condi-
tions (Van der Heijden, 1999). The association
between psychosocial factors and musculoskeletal pain
has been established in patients with chronic pain syn-
dromes. The scores on all psychosocial variables mea-
sured in our population were low. Although significant
univariable associations with persistent symptoms at 6
weeks were found in this study for several psychosocial
factors (distress, somatisation, catastrophising), in a
multivariable model these factors had little to add to a
simple yes or no question about the presence of psycho-
logical complaints. For the applicability of the predic-
tion rules in primary care this is an advantage, as

Table 3
Multivariable model with predictors of persistent shoulder symptoms
(yes/no) at 6 weeks and 6 months after stepwise backward selection

Predictor Scale OR 95% CI
6 weeks (n = 486)
Duration of complaints
0-6 weeks”
7-12 weeks (Yes/no) 1.9 1.1-3.3
>3 months (Yes/no) 2.6 1.54.4
Gradual onset (Yes/no) 1.8 1.1-2.9
Concomitant psychological (Yes/no) 2.3 0.9-6.4
complaints
Repetitive movements (Yes/no) 2.0 1.2-3.1
Shoulder pain (0-10) 1.1 1.0-1.2
Neck pain score at physical (0-18) 1.1 1.0-2.7
examination
6 months (n = 538)
Duration of complaints
0-6 weeks*
7-12 weeks (Yes/no) 1.4 0.9-2.3
>3 months (Yes/no) 1.9 1.2-3.0
Gradual onset (Yes/no) 1.4 1.0-1.8
Concomitant low back pain (Yes/no) 1.6 1.1-2.5
Shoulder pain (0-10) 1.1 1.0-1.2
Shoulder pain score at physical (0-18) 1.0 1.0-1.1

examination

@ Reference category.

easy-to-measure predictors are preferred to more time-
consuming ones.

4.2. Management of shoulder pain

We did not include treatment in the model, as we
assumed that confounding by indication could influence
our findings. Patients with more severe symptoms and
thus, probably a poorer outcome are more likely to
receive more extensive treatment (Miettinen, 1983).
Only 68 patients (12%) received an injection and 58
(10%) were referred to a physiotherapist, which is a
low proportion compared to that of an earlier study in
The Netherlands (Van der Windt et al., 1996). The
Dutch practice guidelines on shoulder complaints, which
recommend a wait-and-see policy during the first 2-4
weeks, may have led to a change in practice over the past
5 years. As most patients received wait-and-see policy or
medication, we had a relatively homogeneous group
regarding treatment at baseline. Adding treatment vari-
ables to our models, indeed, did not improve their pre-
dictive value, nor strongly influence the association of
other predictors with outcome (data not shown).

4.3. Model fit and discrimination

The calibration plots (Fig. 1) show that some predict-
ed probability deciles were slightly too high and some
slightly too low. But, in general, both models are rather
well calibrated. The AUCs of the models (0.74 for 6
weeks and 0.67 for 6 months) implied satisfactory dis-
crimination between patients with persistent shoulder
symptoms and patients without persistent symptoms.

4.4. Analysis

To facilitate comparison between the univariable and
multivariable regression analysis, we presented uni- and
multivariable ORs in Tables 1 and 3. In case of high
event rates (30-50% risk of persistent symptoms), ORs
are an overestimation in comparison to the underlying
relative risks (RR) and should not be interpreted as
such. In our study, we provide, using the prediction rule,
the patient and the GP with absolute risks instead of rel-
ative risks or odds ratios, because these are easier to
understand.
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Persistent symptoms at 6 weeks gible at first consultation of their GP and actually par-
1- ticipated in the study. In the 10-day period between
first consultation and baseline assessment, most patients
0,9 - only received advice or medication. Nevertheless, in this
brief time period some recovery may have occurred. One

m 087 may argue that a better prediction of non-recovery can

20,7 - be made after a short ‘wait-and-see’ period than at the

S time of consultation for shoulder pain. This may possi-

= 0.6 1 bly have led to some over-estimation of the predictive

2 0,5 - validity of our prediction rules. This is one of the rea-

3 sons why we want to stress the importance of validating

= 0,4 the prediction rules in a daily practice situation, for

() .

203 which they have been developed.

o Laupacis et al. (1997) have stressed the importance of
0,2 inter-observer reproducibility of the variables in a pre-
014 diction rule. In our study, this may be particularly rele-

' vant for the elements of physical examination that were
0 ‘ ‘ ‘ ‘ ‘ ‘ included in our prediction rules (shoulder pain and neck

o 010203040506 070809 1
Predicted probabilities

Persistent symptoms at 6 months
1
0,9 -
0,8 -
0,7 -
0,6 -
0,5
0,4 -

Observed frequencies

0,3
0,2
0,1+

0 T T T T

0o 010203040506 070809 1
Predicted probabilities

Fig. 1. Calibration plots showing the observed frequencies versus the
predicted probabilities for persistent symptoms at 6 weeks and 6
months.

4.5. Internal and external validity of collected data

The response to the questionnaires was high (between
83% and 92%) in this large cohort study. Given the low
drop-out rate and only slight differences at baseline
between drop-outs and responders, we assume that the
results can be generalised to all shoulder patients in
our study. The GPs were instructed to recruit consecu-
tive patients. We do not have reliable information to
gain insight into the percentage of patients who were eli-

pain on examination). Previous studies have reported
conflicting results on the inter-observer variability of
examination of the shoulder joint (Bamji et al., 1996;
De Winter et al., 1999; Liesdek et al., 1997; Pellecchia
et al., 1996), but most studies seem to indicate that clas-
sification of shoulder pain into medical diagnostic cate-
gories can only be achieved with moderate agreement.
In our study, we did not attempt to classify shoulder pain
into diagnostic categories. The results of physical exam-
ination were transformed to four factors (shoulder
mobility, shoulder pain, neck mobility and neck pain)
which explained 50.4% of the variation (Bergman et al.,
2004a). Pain on examination as reported by the patient
was scored on 4-point scales, and subsequently trans-
formed to dichotomous scores to reduce inter-observer
variation. Further testing of the prediction rules in clin-
ical practice should demonstrate to what extent the pre-
dictive validity is affected by inter-observer variability.
The recovery rates of 30% after 6 weeks and 54%
after 6 months are similar to those found in other studies
carried out in primary care populations (Croft et al.,
1996; Van der Windt et al.,, 1996; Winters et al.,,
1999a,b), which may strengthen generalisability of our
findings to other primary care patients with shoulder
disorders. However, before considering implementation
of our score charts in clinical practice the generalisabil-
ity (‘external validity’) of the models needs to be tested
in other populations of patients with shoulder disorders
(Justice et al., 1999). First, the generalisability to anoth-
er primary care population can be tested. If satisfactory,
the generalisability to a community sample, occupation-
al setting, or secondary care population may be tested.

4.6. Clinical usefulness
Perhaps most importantly, the clinical usefulness of

the developed prediction rules should be established:
can the prediction rules be helpful to the clinician when
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category

Fig. 2. Number of patients in risk categories for persistent symptoms of the score charts for 6 weeks (n = 486) and 6 months (rn = 538).

making decisions in the management of patients with
shoulder pain, for example, whether or not to consider
additional diagnostic testing, start a certain treatment
or refer the patient to secondary care (Vergouwe et al.,
2002). Fig. 2 shows that a relatively small proportion
of patients is shifted into the lower risk categories at 6
weeks and a somewhat higher proportion at 6 months.
So, a small number of patients can be reassured by their
GP. Patients in the high risk categories possibly benefit
from earlier and more extensive treatments. An impor-
tant objective for future research is to study from which
interventions patients in the high risk categories benefit
most.

5. Conclusion

In conclusion, longer duration of symptoms, a grad-
ual onset of symptoms and high pain intensity at base-
line were consistently associated with a poor outcome.
The prediction rule and score chart may be used by
GPs to calculate the absolute risk of persistent symp-
toms in individual patients with shoulder pain. The
performance of our models still needs to be tested in
other populations of patients with shoulder pain to
enable valid and reliable use of the score charts in clin-
ical practice.
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Score chart for prediction of persistent shoulder symptoms at 6 weeks

Duration of complaints
<6 weeks
6-12 weeks
>3 months
Gradud onset
Psychological complaints
Repetitive movements
Shoulder pain (0-10)
Neck pain score at physical examination (0-18)

Tota score

Tota score Risk

0 <2 20% - 30%

7 3-7 30% - 40%

n 8-11 40% - 50%

7 12-16 50% - 60%

= 17-21 60% - 70%

8 2-27 70% - 80%
score " 28—-36 80% - 90%
score >37 90% - 100%

The predicted probability of persistent symptoms at 6 weeks was determined by P=1/[1+ exp — (—1.19 + 0.64 x duration
of complaints 6-12 weeks + 0.95 x duration of complaints >3 months+ 0.59 x gradud onset + 0.85 x concomitant
psychological complaints + 0.68 x repetitive movements + 0.13 x shoulder pain + 0.09 x neck pain score at physical

examination)].

Score chart for prediction of persistent shoulder symptoms at 6 months

Duration of complaints Tota score Risk
<6 weeks . <1 10% - 20%
6-12 weeks : 2_16 20% - 30%
>3 months o 17-28  30%- 40%
Gradud onset — 20-39  40%-50%
Concomitant low back pain = 40-49 50% - 60%
Shoulder pain (0-10) S 2 50— 61 60% - 70%
Shoulder pain score at physical examination (0-18) score >62 70% - 100%

Tota score

The predicted probability of persistent symptoms at 6 months was determined by P=1/[1+ exp — (-1.48 + 0.34 x duration
of complaints 6-12 weeks + 0.64 x duration of complaints>3 months+ 0.37 x gradud onset + 0.50 x concomitant low
back pain + 0.08 x shoulder pain + 0.04 x shoulder pain score at physical examination)].

Instruction

If apredictor is scored positively, the given weight needs to be filled in. Subsequently the scores are added to calculate
the ‘Total score’. From the table next to the score chart the risk (%) of persistent symptoms for an individual patient can

be determined.

Fig. 3. Prognostic score charts for prediction of persistent symptoms at 6 weeks and 6 months.
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