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ABSTRACT

Objectives

To develop predictive models for short- and long-term clinically important improvement in women

with non-specific chronic disabling neck pain during the clinical course of physiotherapy.

Design

Longitudinal cohort study based on data from a randomized controlled trial evaluating short- and

long-term effects on sensorimotor function, over eleven weeks of physiotherapy.

Participants and settings

Eighty-nine women aged 31-65 years with non-specific chronic disabling neck pain from Gévle,

Sweden.

Measures

The outcome, clinically important improvement, was measured with the Patient Global Impression of
Change Scale (PGICS) and the Neck Disability Index (NDI), assessed by self-administered
questionnaires at 3, 9 and 15 months from the start of the interventions (baseline). Eleven baseline
prognostic factors were considered in the analyses. The predictive models were built using general
estimation equations. The sensitivity and specificity of the models were measured by the area under
the receiver operating characteristic curve (AUC). Internal validity was estimated by using statistical

bootstrapping.

Results

Prognostic factors of short- and long-term improvement in the final models were: neck disability and
recovery expectations for the PGICS outcome, and neck disability, depression and catastrophizing for
the NDI outcome. Some prognostic factors could predict different short- and long-term outcomes, as

did catastrophizing in the NDI model. Internal validation showed estimated AUC of 0.67 (95% CI;
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0.59-0.75) and 0.67 (95% CI; 0.58-0.76) for PGICS and NDI, respectively, indicating acceptable

predictive ability.

Conclusion

oNOYTULT D WN =

10 The predictive models evaluating clinical important improvement from chronic non-specific neck pain
12 among women in the clinical course of physiotherapy included different sets of prognostic factors for
14 the two outcomes considered. The effect of prognostic factors may vary over time. The predictive

16 models for both outcomes showed acceptable sensitivity and specificity. Before using them in clinical
18 practice, however, these models should be validated in other populations and tested in clinical

20 settings.

24 Article summary

27 Strengths and limitations of this study

= Strengths of this study are a well-defined sample and the thorough development of predictive

models.
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Moreover, the longitudinal design with a short- and long follow-up time, and the inclusion of
biopsychosocial prognostic factors in the analyses further strengthens the study.

Possible limitations of this study include the relatively small sample.
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INTRODUCTION

Neck pain is a very common health problem and a cause of substantial disability, social and economic
impact throughout the world.' The prevalence of neck pain has increased during the last decades, and
in 2015, neck pain together with low back pain, were the leading causes of disability.” Hoy et al.
found the 2010 global age-standardised point prevalence of neck pain to be 4.9% with the highest
overall prevalence in North America (6.5%) and western Europe (6.3%).” Hogg-Johnson et al.
reported the 12-month prevalence of neck pain to range between 30% and 50% and the 12-month
prevalence of activity-limiting pain to be 1.7% to 11.5% with a higher prevalence among women.'
Most often persons affected by neck pain have pain without specific pathology.* Although neck pain
generally has a favourable course, neck pain is likely recurrent and may become chronic.’® In a
review from 2008 Carroll et al. concluded that 50% to 85% of persons with neck pain do not

. . 4 .5
experience complete resolution of their pain.

Prognostic research can help understand the course and future outcome in individuals with neck pain.’
Guzman et al. summarised the work of the 2000-2010 Neck Pain Task Force concluding that younger
age, no previous pain, good physiological and psychological health, good coping, good social support,
exercise and sports, and no prior sick leave may increase the chance of recovery from neck pain.®
Walton et al. surveyed prognostic factors for prolonged recovery from neck pain in 13 systematic
reviews.” They found evidence only for past history of musculoskeletal disorders and older age to
prolong recovery in non-whiplash related neck pain. For the remaining factors evaluated there was

insufficient evidence for the influence on neck pain, and more research was requested.

Neck pain patients commonly seek physical therapy and predicting treatment outcome and prognosis
for these patients is challenging.'’ To meet this challenge, predictive models including multiple
prognostic factors could guide health care providers such as physiotherapists in how to predict which
patients are more likely to improve and to help patients with neck pain manage their expectations.'' '*
Such models are recommended to be developed in well-defined context with respect to patient

population and the healthcare provided." Women have a higher risk of chronic neck pain, and it has

been suggested that women should be assessed separately from men in prognostic research.'”"” Using

4

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 4 of 32

'saIfojouyoal Jejiwis pue ‘Buiuresy | ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* Jooyoasaboysnwseiq
V17-Z39 wswiredaq e GZoz ‘ST Aey uo /woo [wa uadolway/:dny wouy papeojumod 6102 |1V #2 U0 2GG420-8T02-uadolwa/9eTT 0T se paysiignd 1si1y :uado rINg


http://bmjopen.bmj.com/

Page 5 of 32 BMJ Open

1 w

2 S

3 a search strategy for predictive models in physiotherapy and musculoskeletal complaints, suggested o)

©

4 @

5 by van Oort et al., we found only one study by Cecchi et al. using a chronic population, and none with Z

6 7

7 a model specific for women.'®"” o

8 =2

9 2

10 Considering the recurrent course of neck pain the predictive value of potential prognostic factors may E
T

o 9

1; change over time following physiotherapy.'”"* Longitudinal analyses would be a proper method to § A

g o

@ P

12 evaluate these potential changes over time as such analyses accounts for the correlation and time g )

<

o ©

12 dependency between follow-up measures, and has been recommended for use in prospective cohort 3 %.
<

S ©

1; studies on musculoskeletal problems." *° The present study aimed to, with the use of longitudinal Er $

N

— o

;g analyses, develop predictive models for short- and long-term clinically important improvement in 3 E
c

(o} N

= A

;; women with chronic disabling neck pain in the clinical course of physiotherapy. a &

N
o

23 - S

24 o R

25 P

METHODS o S

26 o M=

oeN

27 Q_g Q

28 . . oc®

29 Design and study population =90

o

30 255

31 This longitudinal cohort study sought to develop predictive models, including multiple prognostic 305

Q

32 aga

33 factors jointly, for chronic neck pain in women. Predictive models are one of the four themes of the g* °d

34 3 o

35 Prognosis Research Strategy Framework for Prognostic Studies.”'* Carroll et al. classify predictive 2 i

36 @ =

37 models as “Phase I1” studies in a 3-level hierarchy of evidence from longitudinal studies, and suggests > 2

— O

38 . o s s 3

39 them suitable for predicting recovery from neck pain. 2 3
>

40 e 3

o T

2; We used data from a randomized control trial (RCT) evaluating the short- and long-term effects, a2 3

w o

5 o

Zi following eleven weeks of physiotherapy interventions (coordination exercise, strength training and 3 3

2 o

— ]

22 massage), on sensorimotor function in 108 women with non-specific chronic disabling neck pain.*' & =z

=

5 <

Z; The trial was carried out in Gévle, Sweden, in 2008 and was approved by the ethics review board in % &
«Q

—. N

D o

gg Uppsala, Sweden. Participants gave their written consent to participate in the RCT. 2N

&

51 o

52 Eligible for the RCT were Swedish-speaking women aged 25 to 65 years with non-specific disabling %

53 =

54 neck pain lasting for 3 months or more (chronic). The women were recruited via the social insurance =

]

55 -

56 agency and by advertisement in local papers and invitations at municipality and county council work r('?.

57 iy

58 5 >

59

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

sites, primary and occupational healthcare units. Non-specific chronic disabling neck pain was
defined as pain drawing of the “most painful area” together with reported disability measured as more
than 9 normalised points of the first 19 items in the Disability Arm Shoulder Hand questionnaire
(DASH).”>* These 19 items refer to disability in activities of daily living regarding neck, shoulders
and arms. Excluded were individuals with trauma to the head or neck, a diagnosis of rheumatic,
neurological, connective tissue, inflammatory or endocrine disease or psychiatric diagnosis affecting
their everyday life. Also excluded were those with fibromyalgia, cancer, stroke, cardiac infarction,
diabetes type I, cervical radiculopathy, vestibular disorders, surgery or fracture to the back, neck, or
shoulder in the last 3 years or shoulder luxation in the last year, and if they had performed strenuous

exercise more than 3 times per week during the previous 6 months.’

Patient and Public Involvement
As this study was based on secondary data from a RCT, patients were not directly involved in the

design and completion of the study.

Data collection and variables

Before start of the intervention (baseline) participants filled in a self-administered questionnaire,
containing instruments and questions to measure the potential prognostic factors. Outcome
information was collected by follow-up questionnaires at three, nine and 15 months from baseline.
Participants without outcome information from none of the three follow-ups were excluded resulting

in a study population of 89 participants (Figure 1).
Figure 1

Outcome

Patient Global Impression of Change Scale (PGICS) provided information for the outcome “global
perceived change of general health” by comparing general health at follow-up with general health at
baseline. PGICS is a 7-point ordinal Likert scale (very much improved, much improved, minimally
improved, not changed, minimally worse, much worse and very much worse).”* The scale categories

were dichotomized into “improved” (very much improved, much improved) and “not improved” (all
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the other categories). According to the IMMPACT recommendations for clinical important outcomes
in chronic pain the 7- point scale is recommended when assessing general health, and the category

“very much improved” and “much improved” reflects what patients consider to be an important

oNOYTULT D WN =

9 change in general health.” The Neck Disability Index (NDI) provided information for the second

11 outcome.”® The NDI has 10 items (pain intensity, personal care, lifting, reading, headaches,

13 concentration, work, driving, sleeping and recreational activities) with 6 possible answers in each

15 item, scored 0 (no limitation) to 5 (major limitations). Total score of the NDI range from 0 to 50. The
17 NDI has high reliability, strong internal consistency and strong validity compared to other instruments
19 for evaluating patients with neck pain.”® In the present study we used the normalized NDI (NDI %, 0-
21 100). A minimal important change (MIC) for the NDI % was set to 6.3.”” Using MIC as a cut-off, a
23 dichotomized NDI outcome was constructed for each follow-up where “improved” was equal to a

25 NDI % decrease of more than 6.3 between the baseline and the follow-up and “not improved” was

57 equal to a decrease no larger than 6.3 or an increase. Participants with a NDI % of 0 at follow-up were

29 also defined as “improved” no matter the baseline score.

31 Potential prognostic factors

* Jooyoasaboysnwseiq
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34 The selection of potential prognostic factors was based on systematic reviews and prospective studies

36 on the prognosis of non-specific neck pain, clinical considerations and availability in the data (Table

1)'5 92829
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Table 1. Potential prognostic factors and corresponding references.

Potential prognostic factors

Measurement

Categorisation in the analyses

Age

Age at baseline

Continuous

Neck disability26

Normalised Neck Disability Index (NDI%)

Continuous, 1-100

0 = “no disability” and 100 = “complete disability”

Average pain intensity39

Average pain intensity during the previous week measured on an

11-point Numeric Rating Scale (NRS)

Continuous, 0-10

0 =“no pain” and 10 = “pain as bad as it could be”

o 40
Depression

Self-rating version of the Montgomery Asberg Depression Rating

Scale (MADRS-S)

Continuous, 0-54

0 = “no depressive symptoms” and 54 = “severe depression”

142
Fear of movement

The Tampa scale of kinesiophobia

Continuous, 17-68
A sum score of 17-68 were higher score indicate higher fear of

movement

Catastrophizing43

The six item catastrophizing subscale from the Coping Strategies

Questionnaire (CSQ).

Continuous, 0-36
Each item of the subscale had a score of 0-6 were a high score

indicated a high degree of catastrophizing

Social support44

Item number 5 and 14 of the Swedish Multidimensional Pain

Inventory (MPI-S)

Continuous, 1-12
Each item with a score of 0-6, where 0 = “no social support” and

12 = “high social support”
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1

2

3

4

5 Recovery expectation33 The answer to the question; “Do you think that any intervention or Continuous, 1-5

6

7 exercise will lead to recovery?” 5 point ordinal Likert scale from 1 = “No, definitely not” to 5 =
8

9 “Yes, completely recovered”

10

11 Chronic widespread pain6 ° Derived from a pain drawing Yes; pain in all 4 quadrants of the body together with spinal
12

13 pain

14 -

15 Leisure physical activity “How much have you, in general, moved or exerted yourself - No/low intensity; very little/an occasional walk or similar/
16

17 physically during leisure time in the past year” every day physical activity like gardening, cleaning/low intensity
18 . - . L

19 physical activity e.g. walking or similar at least once a week
20 s s . L

21 - Moderate/high intensity; more strenuous physical activity e.g.
;g jogging, swimming etc. at least once a week/regular high

24 intensity physical activity e.g. running, ball sports etc.

25

26 Physical workload®’ “How physically strenuous has your work or daily activity been the - Mostly sedentary

27

28 past 12 months?” - Low/heavy work load; low physical work load but

29

30 mobile/quite physically strenuous work/physically strenuous
31

32 work

33

34 Dual-working A combination of three items; - Yes; 1) working, 2) living together with children and/or

35

36 1) Working/not working. another adult person and 3) having the responsibility for the
37

38 2) What does your household look like? housework - No; any other combination of the three items (see
39

40

41 9
42

43

44 . . . . . .
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3) Who is primarily responsible for and performing the housework in | the method section)

your family?

10
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1 w
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3 Average pain intensity was not limited to neck pain but all participants had reported neck pain as their e
4 @
5 “most painful area” as this was a criterion for inclusion in the RCT.*' Dual-working was a i
6 7
7 combination of three items: 1) Working/not working, 2) What does your household look like? (living o
8 =
9 alone, living alone with children, living with another adult, living with another adult and children), 3) @
(1%
10 o) o
1 Who is primarily performing the housework in your family? (myself, someone else, equally shared). o B
@
12 2 o
13 The factor dual-working was then dichotomized according to the answers into; yes (working, living g bk
14 g g
15 with children and/or another adult, and performing the housework) and no (any other combination of e 5
16 c 3
17 the three items). Dual-working has to our knowledge not been evaluated in previous studies, but is to a }E
S 3
18 EaS N
19 our opinion possibly associated to the prognosis of neck pain in women. = g
20 n
21 ‘e 5 &
2 Statistical methods @ o
o
23 - S
24 Descriptive statistics were presented by median and interquartile range (IQR). The level of the TN
25 P
26 confidence intervals (CI) was set at 95% and that of the tests at 5%. All p-values were two-sided. % TS
27 o5
28 Stata version 14.2 (StataCorp College Station, TX, USA) was used in the analyses. 5 3k
29 . | Y o o 528
30 General Estimation Equations (GEE) with a logit link, a Bernoulli family, and an exchangeable 8 =
S
31 220
32 working correlation structure, were used to estimate the probability of a clinically important 2 % 8
a5 @
33 5=
34 improvement of the outcomes from baseline to three and 15-months follow-up visits."® Data from all 3° 3
5 3
36 three follow-ups were used in the analyses. GEE can model this type of longitudinal data efficiently, ‘S _g
> o
37 =z =
38 while taking into account the potential dependence of the repeated measures taken on each EF;. §
39 2 3
40 participant."” To check for within-group dependence of data we used logistic regression analyses of @ -CE
41 -
42 the association between the dichotomized outcome measures, PGICS and NDI respectively, at the a 32
(%] o
43 3 3
44 three, nine and 15-month follow-ups, separately. Both outcomes showed strong associations between 5 g
45 D L g 2
46 the follow-ups which indicated that GEE was required in the subsequent analyses. The analyses were § §
5 <
47 S
48 done separately for each of the two outcome measures, PGICS and NDI, and were based on complete s @
—. N
49 - : : . & S
50 data sets. Associations were expressed as population-average odds ratios (OR) along with 95% CI. ? E%
51 o I . . . o
5o The linearity of the relationship between the logit of the probability of the outcome variable and the _g
Q
53 .. . . . . . =
54 numeric independent variable was verified by means of restricted cubic splines.'****' We found 3
]
gg evidence against the assumption of linearity when neck disability was the independent variable and I_G?_I
N
57 t|
59
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PGICS the outcome measure. Therefore, the restricted cubic splines for neck disability were used in

the further analyses."’
Univariate analyses

GEE were used for all potential prognostic factors one at a time to estimate the time-specific OR for
each of the two outcome measures separately. When the analyses showed an OR independent of time,
i.e. the effect measure modification as measured by the interaction term (factor-by-time) was not
statistically significant, the analyses were repeated without the effect measure modification. This
resulted in a single OR showing the population average OR for the factor from three to 15 months.
When effect measure modification was present the OR at three and 15 months were reported
separately. Potential prognostic factors with a p-value < 0.2 for the estimated OR were considered as
candidate factors for the multivariable analyses.”' Based on an a priori decision of clinical relevance
statistical effect measure modifications were tested between pain intensity and depression or recovery
expectations. The effect measure modification, if found statistically significant, was included in

further analyses.>
Developing the models

A sequential backward manual selection procedure based on the GEE regression was used to build the
predictive models.’' All candidate factors were included in the initial multivariable model. The factor
with the highest p-value (Wald-test) were excluded one by one until all factors in the model had a p-
value < 0.1.%! If a candidate factor showed effect measure modification with time, then the factor was
included together with the effect measure modification in the multivariable model. If the analysis
showed signs of collinearity the factor judged most clinically relevant was kept in the model. The
association between the prognostic factor and the outcome was reported as beta-coefficient () with

standard error (SE), OR with 95% CI and associated p-value.
Evaluation of the models

The bias corrected area under the receiver operating characteristic curve (AUC) with 95% CI was

obtained by cross validation based on 100 design-matrix bootstrap replicates and used to determine

12
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1 w
2 S
3 the internally validated predictive ability of the models.”> The AUC represents the ability of the model o)
©
4 @
5 to distinguish between participants that will or will not improve during the follow-up period. The i
6 ;
7 AUC ranges from 0.5 (no predictive ability) to 1.0 (perfect predictive ability). o
8 =2
9 e S
Sensitivity analyses

10 y analy - &
1 S &
12 To compare the study population with non-responders we used the chi-squared and Fisher’s exact test % )
13 o B
14 for categorical variables, and the t-test or the Wilcoxon test for continuous variables. g 3
15 g 3
[ < s
17 g 3
18 RESULTS LR
19 2 5
20 : S
. = »
;; Study population 2 §
9 o

2 . .. . . . . -
22 Baseline characteristics of the study population are listed in Table 2. At baseline the women’s age E §
© >
;2 ranged between 31 and 65 years, and all women reported neck pain duration of more than eight ° .2
Q= —
oeN
;é months. Eighty women (91%) were working and 66 (74%) reported no sick leave due to neck pain gé g
A )
gg during the previous 6 months. Using PGICS as outcome measure 47 (53%) participants were 2 § 2
S
S0
g; categorised as improved at 3-month and 26 (30%) at 15-month follow-up while using NDI as outcome 2 g§

o

208
2131 measure 39 (44%) women had improved at 3 months and 31 (36%) at 15 months. g - 3
35 = 2
36 . - . e 3
37 Table 2. Baseline characteristics of the study population, (n=89). > 2
— o
228) Characteristics Missing (n)’ %: %-
S ©
40 a 3
41 Age median (IQR) 52 (47-59) 0 » o

]
3
o =
42 Neck disability median (IQR) 28 (20-33) 0 v, g
43 3 3
44 — - - 2 o
45 Average pain intensity median (IQR) 5 (4-6) 0 = 8

(4]
o <
46 Depression median (IQR) 8 (6-12) 1 3 &
47 % 5
48 Fear of movement median (IQR) 29 (26-33) 0 L=
49 3 S
50 Catastrophizing median (IQR) 6(3-11) 0 )
51 9
52 Social support median (IQR) 6 (4-9) 1 3
53 =
3
54 Recovery expectation median (IQR) 4 (3-4) 4 o)
55 a
56 m
57 =
_|

59
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Chronic widespread pain freq (%) 0
Yes 40 (45)

Leisure physical activity freq (%) 0
No/low intensity 60 (67)
Moderate/high intensity 29 (33)

Physical workload freq (%) 1
Mostly sedentary 36 (41)

Low/heavy work load 52 (59)

Dual-working freq (%) 4
Yes 38 (45)

®missing answer, IQR; interquartile range, freq; frequency

Development and evaluation of the predictive model

The univariate analyses are presented in Table 3. The follow-up data observations used for the
analyses differed slightly between the two outcome measures due to missing responses (Figure 1).
There was no effect measure modification found between pain intensity and depression or recovery
expectations. In the univariate analyses with PGICS as outcome measure age, neck disability, average
pain intensity and recovery expectations met the inclusion criteria for the multivariable analysis. No
potential prognostic factor showed effect measure modification with time. The corresponding
analyses with NDI as outcome measure yielded five potential prognostic factors that met the criteria
for the multivariable analysis: age, neck disability, depression, catastrophizing and leisure physical
activity. Catastrophizing showed time dependency why an effect measure modification term

(catastrophizing x time) were added to the multivariable analysis.

14
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Table 3. Univariate GEE analyses for short- and long-term potential prognostic factors with PGICS and NDI as outcome. Study population n=89.

Potential prognostic factors included in the development of the multivariable predictive models are presented with an asterisk (*).

oNOYTULT D WN =

9 Potential prognostic factor PGICS Potential prognostic factor NDI

11 n/obs” OR 3-15m (p)° p-eff.m. n/obs" OR 3-15m (p)° p-eff.m.®

13 Age* 89/263 0.96 (0.09) 0.76 Age* 89/262 0.97 (0.20) 0.68

15 Neck disability* 89/263 Neck disability* 89/262 1.04 (0.02) 0.30

17 NDI 16 to 28° 0.96 (0.35) 0.69 Average pain intensity 89/262 1.10(0.37) 0.69

19 NDI 28 to 42° 1.11 (0.05) 0.89 Depression* 88/259 0.96 (0.17) 0.71

21 Average pain intensity* 89/263 1.26 (0.05) 0.88 Fear of movement 89/262 1.00 (0.85) 0.86

23 Depression 88/260 1.02 (0.54) 0.05 Catastrophizing* 89/262 0.02

25 Fear of movement 89/263 0.99 (0.71) 0.46 OR3m (p—value)f 1.06 (0.10)

27 Catastrophizing 89/263 1.03 (0.34) 0.20 OR 15 m (p-value)® 0.96 (0.24)

29 Social support 88/260 1.04 (0.44) 0.64 Social support 88/259 1.05 (0.34) 0.73

31 Recovery expectations* 85/253 1.33(0.20) 0.32 Recovery expectations 85/253 0.82(0.32) 0.38

33 Chronic widespread pain 89/263 0.36 Chronic widespread pain 89/262 0.08

35 No 1.0 No 1.0

37 Yes 1.33 (0.43) Yes 0.79 (0.49)

41 15
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Leisure physical activity 89/263 0.44 Leisure physical activity* 89/262 0.36
No/low intensity 1.0 No/low intensity 1.0
Moderate/high intensity 0.88 (0.73) Moderate/high intensity 0.63 (0.20)

Physical workload 88/260 0.56 Physical workload 88/259 0.06
Mostly sedentary 1.0 Mostly sedentary 1.0
Low to heavy workload 1.15(0.71) Low to heavy workload 1.07 (0.85)

Dual-working 85/251 0.44 Dual-working 85/250 0.18
No 1.0 No 1.0
Yes 0.90 (0.77) Yes 0.68 (0.25)

OR= odds ratio, an OR>1 reflects an higher odds of clinical important improvement and an OR<1 reflects an lower odds of clinical important improvement.

PGICS: Patient Global Impression of Change Scale; 1=improved/0=not improved, NDI: normalized Neck Disability Index; 1=improved/0=not improved, ““number of participants in the

analyses/number of outcome observations in the analyses, bpopulation average odds ratios for clinically important improvement between 3 to 15 months, “p-value for the effect modification

over time between 3 to 15 months from baseline,

and 15 months respectively.

Neck disability index (NDI%) analysed as cubic splines,

fand g
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The resulting predictive models from the sequential selection procedure are presented in Table 4.
There were no signs of collinearity in the multivariable analyses. Internal validation showed robust

models with a predictive ability of 0.67 for both outcomes (Table 4).

oNOYTULT D WN =
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Table 4. The final predictive models as a result from the multivariable GEE analyses of clinically important improvement in chronic disabling neck

pain with PGICS and NDI as outcomes.

Page 18 of 32

Prognostic factors

PGICS (85/253)°

Prognostic factors

NDI (88/259)°

B (SE) OR (95% Cl) p-value B (SE) OR (95% Cl) p-value
Neck disability Neck disability 0.05 (0.02) 1.05(1.02, 1.09) <0.01
NDI 16 to 28° -0.05 (0.04) 0.95 (0.88, 1.04) 0.26 Depression -0.08 (0.03) 0.92 (0.86, 0.98) 0.01
NDI 28 to 42° 0.12 (0.05) 1.12 (1.02, 1.24) 0.02 | catastrophizing
Recovery expectations 0.50 (0.23) 1.65 (1.04, 2.61) 0.03 3 months 0.05 (0.04) 1.05 (0.98, 1.14) 0.18
15 months -0.06 (0.04) 0.95 (0.88, 1.02) 0.17
x time® -0.01 (0.00%) 0.99 (0.98, 1.00%) 0.02

AUC (95% CI)°

0.67 (0.58, 0.76)

AUC (95% CI)°

0.67 (0.59, 0.75)

OR=o0dds ratio, an OR>1 reflects a higher odds of clinical important improvement and an OR<1 reflects a lower odds of clinical important improvement, B=beta coefficient, SE=standard error,

PGICS: Patient Global Impression of Change Scale; 1=improved/0=not improved, NDI: normalized Neck Disability Index; 1=improved/0=not improved, “ number of participants in the
analysis/number of outcome observations in the analysis,

catastrophizing x time, ®internally validated receiver operating characteristics curve (AUC) with 95% Cl, T 0.0040, + 0.9988.

bandc

Neck disability index (NDI%) analysed as restricted cubic splines, 4 effect measure modification term in the model;
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1 ©
2 =
3 Sensitivi : 9
4 ensitivity analyses &
5 =
6 Non-responders (n=19) showed no statistically significant differences in the characteristics compared @
7 o
c
8 to the study population except for average pain intensity where non-responders had a higher median =2
9 =
10 of 6.5 compared to a median of 5 (p = 0.03) in the study population. v 2
11 S B
12 8 5
13 g £
14 DISCUSSION g &
15 g8 35
S =
1? We have developed and internally validated predictive models for clinically important short- and = -rgb
Q 5
S 3
18 long-term improvement from chronic disabling neck pain among women in the clinical course of - 8
19 2 5
;? physiotherapy. The outcome was assessed using “global perceived change of general health” (PGICS) 5 E
S O,
Q o
22 and the Neck Disability Index (NDI) in the two models, respectively. Both models were robust and 3 o
23 -5
c
24 had acceptable predictive ability.”* The results showed that, when assessing potential biopsychosocial § E
25 = ©
(] =
26 prognostic factors, perceived disabilities related to neck pain, depression, catastrophizing and o g’ 5
27 v o
. . . . . ~345
28 recovery expectations are of importance for predicting short- and long-term improvements in these o< ©
29 =g g
X O
30 women. Further, we found that prognostic factors could predict different results depending on the o8 2
31 325
Q
32 follow up time, as for catastrophizing in the model with NDI as outcome, something important to Y g §
33 5 =5
34 notice in the management of these patients. Similar to previous studies, we found that the prognostic g g
35 5 =
36 factors in the models could differ depending on the outcome.'®** i =
37 > 2
— O
38 o . o . . p 3
39 Our results indicate that the population-average odds for clinically important improvement, with ERC
>
40 @ 3
41 PGICS as outcome measure, increase with higher levels of disability related to neck pain, and the ) 'g
o =
42 p
43 higher expectations of recovery the women reported at baseline. With NDI as a outcome measure, the % %
44 = 2
45 odds for improvement increased with higher levels of neck pain-related disability and decrease with % S
o <
46 > 3
47 higher levels of depression. These results were valid over the total follow up time of 15 months. 3 f\
o o
48 S ¢
49 However, the model with NDI as outcome indicated increased odds for short-term improvement, but ] §
) (¢}
50
51 decreased odds for long-term improvement the higher the levels of catastrophizing at baseline. This %
D
52 o
53 interesting finding was made possible by the longitudinal nature of our study design. To the best of 8
3
54 . . o . L .
55 our knowledge, this is the first study using longitudinal analyses in predictive models for neck pain. %
56 E
57 =
_|
59
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Interestingly, depression was found to be a predictor even though women with a psychiatric diagnosis
affecting their everyday life were excluded from the study population which resulted in low baseline

levels of depression.

The relative strength of the incorporated factors in the model should be interpreted with great caution

as their independent effect on the outcome was not thoroughly examined.

After comparing our findings to other similar studies we concluded that the results are diverse,
probably due to different populations, potential prognostic factors examined, outcomes and follow up
times. As earlier mentioned, we found only one prediction study on patients with chronic non-specific
neck pain in physiotherapy, but with a study population also including males.'” The authors found
poor outcome at discharge and one year from discharge from physiotherapy, to be predicted by
medication intake, and by catastrophizing at one year from discharge, the latter in line with our result.
As in our study, the outcome was assessed as a minimal clinical important difference, but was based

on the Northwick neck pain questionnaire.

Furthermore, we found four reports on non-specific neck pain predictive models with reasonably
similar outcomes, methods and follow-up time as in the present study.*~® However, all four reports
included both male and female patients with different durations of pain, and were not exclusively
performed in the course of physiotherapy. Similar to us, Hill et al. and Verhagen et al. found the
psychological factors catastrophizing and depression/distress to predict their outcomes.>® ** Further,
baseline neck disability and treatment expectations were included in the models by Hill et al. and by
Kjellman et al.**** Other factors in their models were; pain intensity, age, concomitant back pain,
manual social class, well-being and somatisation, whereof we have considered age and pain intensity
but not found them to be predictors in our study.”” ** ** Shellingerhout et al. presented a predictive
model with a set of nine predictors for global perceived recovery in an adult primary care
population.** None of the predictors found were similar to our predictors, a discrepancy that may be
explained by different study settings and population compared to our study. In their population only
34% reported chronic neck pain and 60% were women. Further, only 28% of the patients were

referred to physiotherapy while the others were referred to “usual care”, spinal manipulation or a

20
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1 <
2 far]
3 behaviour graded activity program. Even though Shellingerhout et al. reported a model including nine o)
©
4 @
5 predictors their model reached almost exactly the same predictive ability as our model, an AUC of i
6 :
7 0.66 compared to our 0.67. One could speculate that as prognostic factors in research related to neck o
8 =
9 pain most often are weak, reaching higher levels of predictive ability may be hard even with large @
10 - &
1 samples and well conducted analyses.>’ o B
@
12 S o
13 . o » . . . T -
Our study meets most of the important criteria for deriving predictive models in relation to I
14 g o
o T
15 musculoskeletal disorders and physiotherapy suggested by Beneciuk et al.; a well-defined study o 3
16 S8
1; population, longer follow-up times than six months and psychological and psychosocial assessments ‘% %
—-. O
;g incorporated in the model-development. Other strengths of our study are a follow-up rate of 82% and 3 E
c
(o} N
= A
;; a low number of missing data. We used longitudinal analyses (GEE), something we consider an a &
N
e o
;i advantage when dealing with recurrent problems.”” Further, we used clinical important change for the = >
oD N
(]
;2 PGICS outcome measure based on the IMMPACT recommendations, and for the NDI outcome 3 'g:?
® L
QD = —
. . . . o oN
27 measure based on responsiveness analyses in which the same sample as in the present study was 3‘5 =
28 oc®
)
29 included.” >’ The use of conservative “cut-points” for the Wald test in the selection procedure in order 3 cZ;
30 ~Q
31 i BT 3032 283
to decrease the risk of type II errors, are also supported in literature. 203
32 aga
33 5o8
34 Our sample size of 89 participants could be regarded as small when conducting a prediction study. A 3 3
S 3
35 5
36 small sample size increases the risk of over-dispersion during analyses. However, the sample size was @ E
> o
37 =z =
38 large enough to ensure the recommendations of 10 to 15 participants for each prognostic variable 3 5
39 =R
40 included in the multivariable analyses.’**'*” Moreover, as we used GEE analyses, the outcome a @2
41 2 T
42 observations increased when each participant contributed with one to three outcome observations, o %
43 . . o 3 3
44 which resulted in about 250 observations in each of the final models. 5 S
45 g 2
2? Our study also has limitations. It was based on secondary analyses of data, possibly limiting g &
= =
o O
22 information on additional prognostic factors that may have contributed to the derivation of the %’ N
7N
) (¢}
g? models. Of the 108 women included at baseline, 19 did not respond to the three follow-ups and were 8
]
D
g g excluded from the study population. They showed similar characteristics as the included women E
5
>4 except for an average pain intensity with a median of 6.5 compared to a median of 5 in the study e
55 -
®
56 population. Therefore, attrition might have influenced the results. Some of the participants were 0
57 =
_|
59
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recruited by advertisement and could have different characteristics than ordinary health care patients,
why the results may have been influenced by the methods used to recruit the participants. However,
our study population had similar baseline levels of average pain intensity, neck pain-related disability
and fear of movement as in the study by Shellingerhout et al. investigating prognostic factor for neck
pain in a sample of patients referred to primary care.’* Their population was somewhat younger and
included males (39%). Considering the strengths and limitations of our study, we believe our findings

to be valid and reproducible.

Predictive models are important as they can be used to inform health care providers and patients,
support clinical research and allow for informed decisions to improve outcomes. The clinical
implication of our study findings is that baseline neck disability seems to be a highly important factor
to consider in this context as a higher baseline disability indicated higher odds for recovery in both
our models. This is in line with findings by Bot et al. exploring predictors for patients with neck pain
in general practice.”® Furthermore, psychological factors and recovery expectations are important
factors to consider in the clinical course of physiotherapy concerning women with chronic neck pain.
As psychological factors and expectations are modifiable they may be targeted in order to increase the
possibility for short- and long-term improvement in the management of these women. The
information about the prognostic factors and the outcomes included in our models is easily collected
at the first consultation by a physiotherapist, and the models could be a valuable tool to help

physiotherapists manage these patients.

The predictive ability of our models reach only acceptable levels indicating that there are still factors
missing that could predict the outcome. Therefore, it would be valuable to include variables in future
investigations that were not included in the present study, such for example tobacco use, alcohol
consumption and workplace related factors. A predictive model development, including internal
validation, is only the first step in the process of deriving a model that could be implemented in clinic,
and should be followed by external validation, and investigations of impact in clinical practice before

implementation.'> Because all women in our sample underwent physiotherapy, our predictive models
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1 w
2 =
3 should be restricted to this population and setting. We do not know if the models are valid for other o)
©
4 @
5 populations and other health care providers until externally validated in such context. i
6 7
7 =
8 =
9 CONCLUSION @
10 - &
3 9
1 The developed predictive models evaluating clinical important improvement from chronic non- % A
12 S o
g
13 specific neck pain among women in the clinical course of physiotherapy were robust and showed g E
o
15 acceptable predictive ability. Neck pain-related disability, depression, catastrophizing and recovery _§ El
16 S o
S ©
1{73 expectations seems to be factors that can be of guidance for physiotherapists trying to predict the ‘% %
—-. O
19 chance of short- and long-term clinical important improvement in these patients. With the exception 52 ®
20 S g
(o} N
21 of neck pain-related disability, different prognostic factors appeared in the models depending on the 3 §
22 —~
o
23 outcome measure. The results also imply that the outcome predicted by a prognostic factor, - S
24 o R
25 exemplified by catastrophizing in one of the models, may be modified over time. The study is the first g 2z
26 Sm=
27 step in the development of the predictive models. The models have to be externally evaluated in 8§ §
28 oc®
29 different neck pain populations, and tested in clinical settings before implemented in clinic. § %g
30 “q =
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Figure 1. Included participants and progress of participants along the follow-up period
concerning the outcome measures. RCT: Randomised controlled trial. PGICS: The Patient Global

Impression of Change Scale. NDI: The Neck Disability Index.
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> 1 ABSTRACT 8
]
5 =
6 o a
7 2 Objectives o
8 S
n
9 3 To develop predictive models for short- and long-term clinically important improvement in women with 2z
10 T 2
11 : C . . .. ) 3 B
12 4 non-specific chronic disabling neck pain during the clinical course of physiotherapy. 5 %
13 2 B
o
1‘5‘ 5 Design b %
16 2 s
17 6  Longitudinal cohort study based on data from a randomized controlled trial evaluating short- and long- @ o
= 0
18 EaS N
19 7  term effects on sensorimotor function over eleven weeks of physiotherapy. 3 g
20 S g
21 E §
22 8 Participants and settings > §
;;" 9  Eighty-nine women aged 31-65 years with non-specific chronic disabling neck pain from Gévle, Sweden. o 4;
- ©
26 Sm=
27 o5
55 10 Measures 36
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30 11 The outcome, clinically important improvement, was measured with the Patient Global Impression of =8 S
@
31 285
32 12 Change Scale (PGICS) and the Neck Disability Index (NDI), assessed by self-administered questionnaires 2 3 §
33 52 o
34 13 at3, 9 and 15 months from the start of the interventions (baseline). Twelve baseline prognostic factors g g
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38 15  regression. The predictive ability of the models was measured by the area under the receiver operating g2 %
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2(1) 16  characteristic curve (AUC). Their internal validity was assessed with cross-validation using the bootstrap i Z
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42 . . % <
43 17  resampling technique. ER
44 2 o
h 18  Results g =
46 > 8
47 3 o
48 19 The prognostic factors of short- and long-term improvement in the final models were: neck disability and Q S
49 3 R
50 20  age for the PGICS outcome, and neck disability, depression and catastrophizing for the NDI outcome. In ;,:
51 g
52 21 the NDI model, the effect of catastrophizing was modified by time. The cross-validated AUC was 0.64 %
53 =
3
54 22 (95% CI; 0.55-0.73) for PGICS and 0.67 (95% CI; 0.59-0.75) for NDI. o}
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Conclusion

The predictive models of clinical important improvement in the clinical course of physiotherapy of
women with chronic non-specific neck pain showed acceptable predictive ability. Age, neck disability
and psychological factors seems to be important predictors of improvement, and may inform clinical
decisions about physiotherapy in women with chronic neck pain. Before using these models in clinical

practice, however, they should be validated in other populations and tested in clinical settings.

Article summary

Strengths and limitations of this study

= Strengths of this study are a well-defined sample and thorough development of predictive models.

» The longitudinal design with a short- and long follow-up time, and the inclusion of
biopsychosocial prognostic factors in the analyses further strengthens the study.

» A possible limitation of this study is the relatively small sample.
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1 w
2 =
. 1 INTRODUCTION g
]
5 =
6 2 Neck pain is a common health problem and a cause of substantial disability which has a considerable @
7 =
8 3 social and economic impact throughout the world.! The prevalence of neck pain has increased during the %
9 =
(1%
10 4 last decades, and in 2015 neck pain and low back pain were the leading causes of disability.> Hoy et al. 0 ?,
11 S o
@
g 5 reported that the 2010 global age-standardised prevalence of neck pain was 4.9%, with the highest overall =z E
Q
o w
12 6  prevalence observed in North America (6.5%) and western Europe (6.3%).> Hogg-Johnson et al. s 2
o 3
g 2
1? 7  estimated the 12-month prevalence of neck pain to range between 30% and 50% and the 12-month E. '(gb
> 7
18 TR 4 : . . -on
19 8  prevalence of activity-limiting pain between 1.7% and 11.5%, with a higher prevalence among women.! 5 g
20 c O
21 9  Neck pain often is unrelated to any other specific pathology.* Although single episodes of neck pain = §
e o
22 T
23 10 generally dissolve over time, they are likely recurrent and may become chronic.’ In a review from 2008 E S
24 e N
25 11 Carroll et al. concluded that 50% to 85% of persons with neck pain do not experience complete resolution o
26 Sm=
27 12 of their pain.® 3§ §
30 13 Prognostic research can help understand the course and future outcome in individuals with neck pain.° 5% %
31 285
32 14 Guzman et al. summarised the work of the 2000-2010 Neck Pain Task Force concluding that younger age, z 3 §
33 52 o
34 15  no previous pain, good physiological and psychological health, good coping, good social support, g g
35 5 =
36 16  exercise and sports, and no prior sick leave may increase the chance of recovery from neck pain.” Walton i %
37 =z =
— O
;g 17  etal. surveyed prognostic factors for prolonged recovery from neck pain in 13 systematic reviews.® They g2 %
Z 3
2(1) 18  found evidence only for past history of musculoskeletal disorders and older age to prolong recovery in Z §
o =
fé 19  non-whiplash related neck pain. For the remaining factors evaluated there was insufficient evidence for ‘é S
3 3
44 . . 2 g
45 20  the influence on neck pain, and more research was recommended. g, S
4 = &
j; 21 Neck-pain patients commonly seek physical therapy, but predicting treatment outcome and prognosis for S &
Q
D o
gg 22 these patients is challenging.’ Predictive models based on multiple prognostic factors could guide 2R
&
51 . . . . .. . . . .
52 23 healthcare providers, such as physiotherapists, in determining which patients are more likely to improve _g
Q
53 =
54 24 and to help all patients develop informed expectations.!?!! It is generally recommended to build 3
]
55 -
56 25  predictive models that are applicable to a well-defined patient population and the healthcare system.!° @
N
57 =
58 5 >
59
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Women have a higher risk of chronic neck pain than men, and it has been suggested that women should
be assessed separately from men in prognostic research.!? 13 Using the search strategy for predictive
models in physiotherapy and musculoskeletal complaints suggested by van Oort et al., we found only one

study assessing chronic non-specific neck pain, and none with a model specific for women.'# 13

The individual perception of pain and disability vary during the course of an episode, and the effect of
prognostic factors is therefore expected to change over time following physiotherapy.!® '® The analysis of
longitudinal data is effective in evaluating these potential changes over time, as it can separate the change
between individuals from that within any given patient. Longitudinal analyses have been recommended in
prospective cohort studies on musculoskeletal problems.!” 1® The aim of this study was to develop
predictive models for short- and long-term clinically important improvement in women with chronic

disabling neck pain in the clinical course of physiotherapy.

METHODS

Design and study population

This longitudinal cohort study sought to develop predictive models, including multiple prognostic factors
jointly, for chronic neck pain in women. Predictive models are one of the four themes of the Prognosis
Research Strategy Framework for Prognostic Studies.®!! Carroll et al. classify predictive models as
“Phase II” studies in a 3-level hierarchy of evidence from longitudinal studies, and suggests them suitable

for predicting recovery from neck pain.’

We used data from a randomized control trial (RCT) evaluating the short- and long-term effects,
following eleven weeks of physiotherapy interventions (coordination exercise, strength training and
massage), on sensorimotor function in 108 women with non-specific chronic disabling neck pain.'” The
trial was carried out in Gévle, Sweden, in 2008 and was approved by the ethics review board in Uppsala,

Sweden. Participants gave their written consent to participate in the RCT.
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55 24 The Patient Global Impression of Change Scale (PGICS) provided information for the outcome “global

1 w

2 S

2 1 The RCT included Swedish-speaking women aged 25 to 65 years with non-specific disabling neck pain 9

0]

]

Z 2 lasting for 3 months or more (chronic). The women were recruited via the social insurance agency and =

(%]

©

; 3 with advertisement in local papers and invitations at municipality and county council work sites, primary &

9 : , : o : : >

4 and occupational healthcare units. Non-specific chronic disabling neck pain was defined as neck pain 3

11 S &

12 5  reported by the patient as the “most painful area” along with disability, measured as > 9 normalised points 8 B

13 g £

14 6  ofthe first 19 items in the Disability Arm Shoulder Hand questionnaire (DASH).?°2! These 19 items refer g 3

15 g8 35

16 7  todisability in activities of daily living regarding neck, shoulders and arms. Excluded were individuals 2 g

17 g 3

18 8  with trauma to the head or neck, a diagnosis of rheumatic, neurological, connective tissue, inflammatory % IB

19 =~

20 9  orendocrine disease or psychiatric diagnosis affecting their everyday life, fibromyalgia, cancer, stroke, s E

21 S o

Q@ o

22 10 cardiac infarction, diabetes types I, cervical radiculopathy, vestibular disorders, surgery or fracture to the 3 o

23 -5
c

N

;g 11 back, neck, or shoulder in the last 3 years or shoulder luxation in the last year. Finally, strenuous exercise ‘é 4;

o 3

. . . . o M=

;? 12 more than 3 times per week during the previous 6 months also led to exclusion.! RN

2?9

28 526

)

29 13 Patient and Public Involvement R

30 ~Q =

YE

;; 14 As this study was based on secondary data from a RCT, patients were not directly involved in the design Q g.gg_

2o

a5 @

33 . §2o

34 15  and completion of the study. 3 g
]

35 ‘g >

36 . . e =

;; 16 Data collection and variables > 2

— O

38 p 3

39 17  Before the start of the intervention (baseline), participants filled in a self-administered questionnaire, 2 3

40 e 3

41 18  containing instruments and questions to measure the potential prognostic factors. Outcome information "g’_ S

42 o o

43 19  was collected by follow-up questionnaires at three, nine and 15 months from baseline. Participants who 3 S

44 2 o

45 20  did not provide information on the outcome at any of the three follow-ups were excluded, resulting in a T ;

46 > 8

> <

j; 21 study population of 89 participants (Figure 1). S &
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perceived change of general health” by comparing general health at follow-up with general health at
baseline. PGICS is a 7-point ordinal Likert scale (very much improved, much improved, minimally
improved, not changed, minimally worse, much worse and very much worse).?? The scale categories were
dichotomized into “improved” (very much improved, much improved) and “not improved” (all the other
categories). According to the IMMPACT recommendations for clinical important outcomes in chronic
pain, the 7- point scale is recommended when assessing general health. The categories “very much
improved” and “much improved” reflects what patients consider to be a clinical important improvement
in general health.?* The Neck Disability Index (NDI) provided information for the second outcome.?* The
NDI has 10 items (pain intensity, personal care, lifting, reading, headaches, concentration, work, driving,
sleeping and recreational activities) with 6 possible answers in each item, scored 0 (no limitation) to 5
(major limitations). Total score of the NDI range from 0 to 50. The NDI has high reliability, strong
internal consistency and strong validity, when compared with other instruments for evaluating patients
with neck pain.?* In the present study we used the normalized NDI (NDI %, 0-100). The minimal
important change (MIC) for the NDI % was set equal to 6.3.25 Using MIC as a cut-off, a dichotomized
NDI outcome was constructed for each follow-up, where a clinical important improvement was defined as
a NDI % decrease of more than 6.3 between the baseline and the follow-up, and “no improvement” as an
increase, or a decrease less than or equal to 6.3 NDI %. Participants with a NDI % of 0 at follow-up were

also defined as having a clinical important improvement regardless of the baseline score.

Potential prognostic factors

The selection of potential prognostic factors was based on systematic reviews and prospective studies on
the prognosis of non-specific neck pain, clinical considerations and availability in the data (Table 1).
Eight potential prognostic factors had support from literature; age, neck disability, average pain intensity,
depression, fear of movement, catastrophizing, social support and leisure physical activity. ° 82627 Chronic
widespread pain, recovery expectation, physical work load and dual-working were considered potential

prognostic factors based on clinical considerations.
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Table 1. Potential prognostic factors and corresponding bibliographical references to definition and psycho@et@ properties of the

O o]
c o
factors. 5 N
e &

Potential prognostic factor Measurement Categoriseﬁiond\T‘n the analyses
=]
20
Age Age at baseline Continuous ? >
o S
o=
Neck disability?* Normalised Neck Disability Index (NDI%) Continuous, 1-100 TN

o
520
0 = “no disability” and 180% ccomplete disability”
209
555
— T — - - - - i 1
Average pain intensity Average pain intensity during the previous week measured on | Continuous, 0-10 30 5
ago
an 11-point Numeric Rating Scale (NRS) 0 ="“no pain” and 10 = ”ﬁ’;a&l @s bad as it could be”

3 o
Depression?’ Self-rating version of the Montgomery Asberg Depression Continuous, 0-54 g i
e =
~ ©

Strategies Questionnaire (CSQ).

Each item of the subscalg ha

score indicated a high degre

Rating Scale (MADRS-S) 0 = “no depressive sympE)m%” and 54 = “severe

s 3
depression” = 3
e g
Fear of movement3°03! The Tampa scale of kinesiophobia Continuous, 17-68 ”g’_ g
© o

A sum score of 17-68 wege h%her score indicate higher
2 o
fear of movement g 2
o <
=
— — — - - —=
Catastrophizing3? The six item catastrophizing subscale from the Coping Continuous, 0-36 S '5

«Q

F20C

a score of 0-6 were a high

f catastrophizing

9
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Social support3? Item number 5 and 14 of the Swedish Multidimensional Pain Continuous, 1-12 -0
3 B
Inventory (MPI-S) Each item with a score 05.0 6§where 0 = “no social
e &
support” and 12 = “high §"oc@' support”
E D
Recovery expectation3* The answer to the question; “Do you think that any Continuous, 1-5 o ;
= ©
@D =
intervention or exercise will lead to recovery?” 5 point ordinal Likert sca?’DegrQ;n 1 = “No, definitely not”
26s
to 5 = “Yes, completely rB@ysred”
oI5
28 =
Chronic widespread pain3> Derived from a pain drawing Yes; painin all 4 quadra@;s‘,}’pgthe body together with
o0
. ogb
spinal pain g.ga
3 3

Leisure physical activity3®

“How much have you, in general, moved or exerted yourself

physically during leisure time in the past year”

- No/low intensity; very3ittl

/ ‘Bu

similar/ every day phy5|clal

&/an occasional walk or

uu

E’n vity like gardening,

— D-
5 3
cleaning/low intensity pBysi c_gl activity e.g. walking or
& 2
similar at least once a week =3
a 3
»w o i
- Moderate/high intensi @ n@re strenuous physical

2 o
activity e.g. jogging, swirgmi % etc. at least once a

% >

week/regular high intengty %ﬁysical activity e.g. running,
8 N
ball sports etc. 8 g
. (6]
0]
Physical workload?’ “How physically strenuous has your work or daily activity - Mostly sedentary o
T
been the past 12 months?” g«
@
=
@
m
N
X
10 >
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5 . . . c 9 .
mobile/quite physically g;rengous work/physically
6 a &
/ strenuous work 3 o
8 E >
?O Dual-working A combination of three items; - Yes; 1) working, 2) livin to@ther with children and/or
o S
o
1; 1) Working/not working. another adult person an% %) kaving the responsibility for
%o
=31
12 2) What does your household look like? the housework e §U
3o
xX O
1 ~Q =
12 3) Who is primarily responsible for and performing the - No; any other combinafici gf the three items (see the
229
17 _ . . ago
18 housework in your family? method section) % o2
19 = g
>
20 ‘g =
21 < 2
» z S
23 s 3
24 =R
>
25 e g
o T
26 a 2
27 w o
28 3 3
29 2 5
— >
30 8 =z
31 s &
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33 Q
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39 2
40 -
41 E
42 ~
43 11 >
44
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
46


http://bmjopen.bmj.com/

oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

BMJ Open

Average pain intensity was not limited to neck pain, but all participants reported neck pain as the “most
painful area”, as this was a criterion for inclusion in the RCT.!® Dual-working was a combination of three
items: 1) Working/not working, 2) What does your household look like? (living alone, living alone with
children, living with another adult, living with another adult and children), 3) Who is primarily
performing the housework in your family? (myself, someone else, equally shared). The factor dual-
working was then dichotomized according to the answers into; yes (working, living with children and/or
another adult, and performing the housework) and no (any other combination of the three items). Dual-
working has to our knowledge not been evaluated in previous studies, but in our opinion it is possibly

associated with the prognosis of neck pain in women.

Statistical methods

Descriptive statistics are presented as means and standard deviations (SD) or median and interquartile
range (IQR) when appropriate. The level of the confidence intervals (CI) was set at 95% and that of the
tests at 5%. All p-values were two-sided. Stata version 14.2 (StataCorp College Station, TX, USA) was
used in the analyses.

Random-effects logistic regression models were used to estimate the probability of a clinically important
improvement of the outcomes from baseline to three and 15-months follow-up visits.!” Data from all three
follow-ups were used in the analyses. Random-effects logistic regression can model longitudinal data
efficiently, while taking into account the potential dependence of the repeated measures taken on each
participant.'” The regression models were estimated for each of the two outcomes, PGICS and NDI,
separately. Both outcomes showed strong associations between the follow-ups. Associations are reported
as odds ratios (OR) with 95% CI. The linearity of the relationship between the logit of the probability of
the outcome variables and numeric independent variables was verified by means of restricted cubic

splines.!” 3 None of the numeric independent variables showed evidence against linearity.

Univariate analyses

12
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1 ©
2 S
2 1  Random-effects logistic regressions were used for all potential prognostic factors one at a time to estimate 9
0]
]
Z 2 the time-specific OR for each of the two outcome measures, separately. If the interaction term (factor-by- =
(%]
©
; 3 time) was not statistically significant, the analyses were repeated without the interaction term. This =1
9 o . . - z
10 4 resulted in a single OR for the factor from three to 15 months. When the interaction was significant, the - §
1 S B
12 5  OR at three and 15 months were reported separately. Potential prognostic factors with a p-value < 0.2 for g B
13 g kB
14 6  the estimated OR were considered candidate factors for the multivariable analyses.*® Based on an a priori g 3
15 g8 35
16 7  decision of clinical relevance, statistical effect measure modifications were tested between pain intensity S 3
17 g 3
18 8  and depression or recovery expectations. If the interaction term was statistically significant, this was N
19 =~
20 9  included in the subsequent analyses.*® s §
3 f
23 10  Developing the models E S
24 o N
2s bz
26 11 A sequential backward manual selection procedure with the random-effects logistic regressions was used Smz
27 . o . . o o 253
28 12 to build the predictive models.*® All candidate factors were included in the initial multivariable model. z320
29 8§59
30 13 The factor with the highest p-value (Wald-test) were excluded one by one until all factors in the model ~Q g
31 5835
32 14 had a p-value < 0.1.3% If a candidate factor showed effect-modification with time, then the factor was 2 g §
33 §2o
34 15  included together with the effect measure modification in the multivariable model. If the analysis showed g g
35 5 =
36 16  signs of collinearity the factor judged most clinically relevant was kept in the model. During the i %
37 =z =
— O
g 2 17 development process, all the multivariable analyses were adjusted for the assigned RCT interventions. 2 %
5 B
e ®
2(1) 18  “Intervention” was then removed from the final predictive models before evaluating the models and » =
2 3
o =

42 . . . P
19  presenting the results. The association between the prognostic factor and the outcome was reported as 2 8
43 3 3
44 > =
45 20  beta-coefficient (B) with standard error (SE), OR with 95% CI and associated p-value. % S
4 = &
47 . S r
21  Evaluation of the models o
48 N
49 3 S
50 22 The bias corrected area under the receiver operating characteristic curve (AUC) with 95% CI was o
51 g
D
g g 23 obtained by cross-validation based on 100 design-matrix bootstrap replicates and used to determine the E
5
gg 24 internally-validated predictive ability of the models.?® The AUC represents a summary of the sensitivity %
56 E
57 =
58 13 >

59
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and specificity of the model in distinguishing participants who improve during the follow-up period from
those who do not. The AUC ranges from 0.5 (no predictive ability) to 1.0 (perfect predictive ability).
Overfitting was assessed by calculating the heuristic shrinkage factor.*® A shrinkage factor of 1.0

indicates no overfitting of the model.
Sensitivity analyses

To compare the study population with that of the non-responders, we used the chi-squared test for

categorical variables, and the t-test or the Wilcoxon’s rank-sum test for continuous variables.

RESULTS

Study population

Baseline characteristics of the study population are listed in Table 2. The women’s age ranged between 31
and 65 years, and all women reported neck pain duration of more than eight months, with a median of 120
months (IQR 60-216). Eighty women (91%) were working and 66 (74%) reported no sick leave because
of neck pain during the previous 6 months. Using PGICS as outcome measure 47 (53%) women were
categorised as improved at 3-month and 26 (30%) at 15-month follow-up while using NDI as outcome

measure 39 (44%) women had improved at 3 months and 31 (36%) at 15 months.

Table 2. Baseline characteristics of the study population, n=89.

Characteristics Missing (n)?
Age median (IQR) 52 (47-59) 0
Neck disability median (IQR) 28 (20-33) 0
Average pain intensity mean (SD) 5.2 (1.6) 0
Depression median (IQR) 8 (6-12) 1
Fear of movement median (IQR) 29 (26-33) 0

14
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1 w
2 S
i Catastrophizing median (IQR) 6 (3-11) 0 -%
]
Z Social support mean (SD) 6.2 (3.4) 1 =
(%]
7 " - ©
3 Recovery expectation median (IQR) 4 (3-4) 4 =
9 Chronic wid d pain freq (%) 0 §
10 ronic widespread pain freq (% L 2
1] S B
- Yes 40 (45) 8 5
13 g kB
14 Leisure physical activity freq (%) 0 g 3
15 g8 5
16 No/low intensity 60 (67) g g'
17 g g
18 Moderate/high intensity 29 (33) EE
19 3 B
20 Physical workload freq (%) 1 g '8
21 (g &
22 Mostly sedentary 36 (41) = g
23 - S
24 Low/heavy work load 52 (59) g R
25 = 2
(] =
26 Dual-working freq (%) 4 e
27 3§ S
28 Yes 38 (45) gE©
29 =g g
30 ~Q g
YE
:; 1 amissing answer, IQR; interquartile range, SD; standard deviation, freq; frequency. Q g.g;_
2o
33 528
g;‘ 2 Development and evaluation of the predictive model 2 S
36 8 Z
37 3 The univariate analyses are presented in table 3. The follow-up data observations used for the analyses > 2
— o
38 : . . Y : p 3
39 4  differed slightly between the two outcome measures because of missing responses (Figure 1). No effect R
40 & g
41 5 measure modification was observed between pain intensity and depression or recovery expectations. In 2 g
42 o 5
43 6  the univariate analyses with PGICS as outcome measure age, neck disability, and average pain intensity 3 35
44 2 o
45 7  met the inclusion criteria for the multivariable analysis. No potential prognostic factor appeared to modify T ;
46 > 8
> <
47 8  the effect of time. In the corresponding analyses with NDI as outcome measure, five potential prognostic S u
48 Qe v
D o
49 9  factors met the criteria for the multivariable analysis: age, neck disability, depression, catastrophizing, S
50 o
g ; 10 and leisure physical activity. The effect of catastrophizing changed over time, and an effect measure 5
©
Q
gi 11 modification term (catastrophizing x time) was added to the multivariable analysis. :3;
]
55 -
56 E
57 =
58 15 >
59
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1 Table 3. Univariate random-effects regression analyses for short and long-term potential prognostic 9

@

]

2 factors with PGICS and NDI as outcome, n=89. =

(%]

©

Potential prognostic factor PGICS =

§

n/obs® OR 3-15 m® 95% CI p-value p-eff.m.c - &

S B

Age* 89/263 0.92 0.84,1.01 0.08 0.75 4 5

T

Q

Neck disability* 89/263 1.08 1.01,1.16 0.03 0.26 g g

g8 3

Average pain intensity* 89/263 1.60 1.00, 2.55 0.05 1.00 g S

g 3

Depression 88/260 1.04 0.92, 1.19 0.50 0.07 o

3 B

Fear of movement 89/263 0.98 0.87,1.09 0.67 0.48 5 §

e &

Catastrophizing 89/263 1.06 0.94, 1.20 0.34 0.20 §" ;‘

=]

& N

Social support 88/260 1.08 0.88,1.33 0.47 0.57 s J;

s S

Recovery expectations 85/253 1.74 0.71,4.25 0.22 0.47 % g g
o

— , 526

Chronic widespread pain 89/263 0.45 240

x 02

5553

No 1.0 aﬁg

$3a

Yes 1.99 0.46, 8.66 0.36 > 2 E’;

3 o

Leisure physical activity 89/263 0.36 s 2

‘_Q —

L, S

No/low intensity 1.0 Z 5

s 3

> o

Moderate/high intensity 0.77 0.16, 3.65 0.75 g S

= ]

» T

Physical workload 88/260 0.64 a 3

2 5

Mostly sedentary 1.0 5 3

= o

8 ]

Low to heavy workload 1.35 0.31,5.86 0.69 S =

3 o

Dual-working 85/251 0.41 s v

3 o

noR

No 1.0 o

@

Yes 0.77 0.17,3.39 0.73 S

5

Potential prognostic factor NDI )

@

m

N

-

16 >
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n/obs® OR 3-15 m® 95% Cl p-value p-eff.m.c

Age* 89/262 0.96 0.90, 1.02 0.20 0.68
Neck disability* 89/262 1.05 1.01,1.11 0.02 0.31
Average pain intensity 89/262 1.17 0.84,1.63 0.35 0.67
Depression* 88/259 0.94 0.86, 1.03 0.17 0.75
Fear of movement 89/262 0.99 0.92,1.07 0.87 0.88
Catastrophizing* 89/262 0.03

3 md 1.10 0.98,1.24 0.12

15 me 0.93 0.83,1.05 0.23
Social support 88/259 1.08 0.93, 1.26 0.32 0.72
Recovery expectations 85/253 0.73 0.39,1.37 0.33 0.37
Chronic widespread pain 89/262 0.10

No 1.0

Yes 0.72 0.26, 1.99 0.53
Leisure physical activity* 89/262 0.36

No/low intensity 1.0

Moderate/high intensity 0.48 0.16, 1.43 0.19
Physical workload 88/259 0.06

Mostly sedentary 1.0

Low to heavy workload 1.16 0.41, 3.25 0.78
Dual-working 85/250 0.16

No 1.0

Yes 0.55 0.19, 1.58 0.27

OR=0dds ratio, an OR>1 reflects a higher odds of clinical important improvement and an OR<1 reflects a lower odds of clinical

important improvement, * Potential prognostic factors included in the development of the multivariable predictive models,
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PGICS: Patient Global Impression of Change Scale, NDI: normalized Neck Disability Index, 2 number of participants in the

BMJ Open

analyses/number of outcome observations in the analyses, ® odds ratios for clinically important improvement between 3 to 15

months, Cl: Confidence interval, ¢ p-value for the effect modification over time between 3 to 15 months from baseline, 92nde

results (OR, 95% Cl and p-values) for clinically important improvement at 3 and 15 months respectively.

The resulting predictive models from the sequential selection procedure are presented in Table 4. There

were no signs of collinearity in the multivariable analyses. Internal validation showed acceptable

predictive ability for the models of 0.64 and 0.67 respectively (Table 4). The calculated shrinkage factor

was 0.73 for the PGICS model and 0.65 for the NDI model.

Table 4. The final predictive models as a result from the multivariable analyses of clinically

important improvement in chronic disabling neck pain with PGICS and NDI as outcomes.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Prognostic factor PGICS, (89/263)°
B SE OR 95% CI p-value
Neck disability 0.08 0.04 1.08 1.01, 1.16 0.03
Age -0.08 0.05 0.92 0.84,1.01 0.08
AUC (95% Cl)¢ 0.64 (0.55, 0.73)
Prognostic factor NDI, (88/259)°
B SE OR 95% ClI p-value
Neck disability 0.08 0.03 1.08 1.02,1.14 0.01
Depression -0.11 0.05 0.89 0.81,0.98 0.02
Catastrophizing
3 months 0.07 0.06 1.08 0.96, 1.21 0.21
15 months -0.09 0.06 0.92 0.82,1.03 0.14
x timeb -0.01 0.01 0.99 0.97, 1.00 0.03
AUC (95% CI)c 0.67 (0.59, 0.75)
18
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1

2

3 1 OR=0dds ratio, an OR>1 reflects a higher odds of clinical important improvement and an OR<1 reflects a lower odds of clinical
4

5 2 important improvement, PGICS: Patient Global Impression of Change Scale, NDI: normalized Neck Disability Index, B: beta

6

7 3 coefficient, SE: standard error, Cl: confidence interval, “number of participants in the analysis/number of outcome observations
8

9 4 in the analysis, P effect measure modification term in the model; catastrophizing x time, ¢internally validated receiver operating
1(1) 5 characteristics curve (AUC) with 95% Cl.

12

1 j 6 Sensitivity analyses

1 5 . . . . . . . .

16 7  Non-responders (n = 19) showed no statistically significant differences in the characteristics from the

17

18 8  study population except for average pain intensity, where non-responders had a higher median of 6.5

19

20 9  compared with a median of 5 (p = 0.03) in the study population.

21

22

23

;‘5‘ 10 DISCUSSION

26 . . . . . . .

27 11 We developed and internally validated predictive models for clinically important short- and long-term
28

29 12 improvement from chronic disabling neck pain among women in the clinical course of physiotherapy.
30

31 13 The models were developed for the “global perceived change of general health” (PGICS) and the Neck
33 14 Disability Index (NDI), separately. Both models had acceptable predictive ability.3* The results showed
35 15  that, when assessing potential biopsychosocial prognostic factors, perceived disabilities related to neck
37 16  pain, depression, catastrophizing and age are of importance for predicting short- and long-term

39 17  improvements in these women. Further, we found that prognostic factors could predict different results
18  depending on the follow up time, as for catastrophizing in the NDI model. This is important in the

44 19  management of patients in clinical settings. Similarly to previous studies, we found that the prognostic

46 20  factors in the models could differ depending on the outcome.'¢ 34

21 Our results indicate that the odds for clinically important improvement, with PGICS as outcome measure,

'saIfojouyoal Jejiwis pue ‘Buiuresy | ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

51 22 decrease with age and increase with higher baseline levels of disability related to neck pain. With NDI as
53 23 an outcome measure, the odds for improvement increased with higher baseline levels of neck pain-related

55 24 disability and decrease with higher levels of depression. These results were valid over the total follow up
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time of 15 months. However, the model indicated increased odds for short-term improvement, but
decreased odds for long-term improvement with higher levels of catastrophizing at baseline. This
interesting finding was made possible by the longitudinal nature of our study design. To the best of our
knowledge, this is the first study using longitudinal analyses in predictive models for neck pain.
Interestingly, depression was found to be a predictor even though women with a psychiatric diagnosis

affecting their everyday life were excluded from the study.

The relative strength of the incorporated factors in the model should be interpreted with great caution as

their independent effect on the outcome were not thoroughly examined.

Our findings are somewhat different from those of other similar studies, because of the different study
populations, potential prognostic factors examined, outcomes and follow up times. We found only one
prediction study on patients with chronic non-specific neck pain in physiotherapy, but with a study
population also including males.'> Poor outcome was predicted by pain medication at discharge and at
one-year follow-up, and by catastrophizing at one-year follow-up, the latter in line with our results.
Similarly to our study, the outcome was assessed as a minimal clinical important difference, but was

based on the Northwick neck pain questionnaire.

We found four reports on non-specific neck pain predictive models with reasonably similar outcomes,
methods and follow-up time as in the present study.3*4-43 However, all four reports included both male
and female patients with different durations of pain (acute, subacute and chronic), and were not
performed in the course of physiotherapy only. Similarly to us, Hill et al. and Verhagen et al. found the
psychological factors catastrophizing and depression/distress to predict their outcomes.?*** Also, baseline
neck disability was included in the models by Hill et al. and by Kjellman et al.3*4?> Other factors in their
models were; pain intensity, treatment expectations, concomitant back pain, manual social class, well-
being and somatisation, while we found that treatment expectations and pain intensity were not important
predictors in our study.3*4243 Shellingerhout et al. presented a predictive model with a set of nine

predictors for global perceived recovery in an adult primary care population.*! With the exception of age,

20
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1

2

2 1  none of the predictors found were similar to our predictors, a discrepancy that may be explained by

Z 2 different study settings, population and outcome compared with our study. In their population only 34%
; 3 reported chronic neck pain and 60% were women. Further, only 28% of the patients were referred to

9

10 4  physiotherapy while the others were referred to “usual care”, spinal manipulation or a behaviour graded
11

12 5  activity program. Even though Shellingerhout et al. reported a model including nine predictors, their

13

14 6  predictive ability (AUC = 0.66) was similar to that of our models (AUC of 0.64 and 0.67). One could
15

16 7  speculate that as prognostic factors in research related to neck pain most often are weak, reaching higher
17

18 8 levels of predictive ability may be hard even with large samples and well conducted analyses.’ 8

19

20

21 9  Our study meets most of the important criteria for deriving predictive models in relation to

22

23 10 musculoskeletal disorders and physiotherapy suggested by Beneciuk et al.: a well-defined study
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25 11 population, longer follow-up times than six months and psychological and psychosocial assessments g

26 o

27 12 incorporated in the model-development.** Other strengths of our study are a follow-up rate of 82% and a 3

28 ]

29 13 small number of missing data. We used longitudinal analyses, an advantage when assessing individual 9]

30 o
Q

;; 14 change over time.'® The outcome, clinical important improvement, was based on the IMMPACT a
[oX
>

2131 15  recommendations (PGICS), and on responsiveness analyses in which the same sample as in the present g

35 . : : . . =

36 16  study was included (NDI).23 2> The use of conservative “cut-points” for the Wald test in the selection a
>

37 2

38 17  procedure in order to decrease the risk of type II errors, are also supported in literature.’® 3 3
D

39 g

2(1) 18  Our sample size of 89 participants could be considered small when conducting a prediction study. A small o
=]
o

42 .. . . . . .

43 19  sample size increases the risk of over-dispersion during analyses. However, the sample size was large ‘é

44 =

45 20  enough to ensure the recommendations of 10 to 15 participants for each prognostic variable included in %
[¢]

46 =

47 21 the multivariable analyses.*® * Moreover, as we used longitudinal analyses, each participant contributed 3
o

48 <

49 22 with one to three outcome observations which resulted in about 260 observations in each of the final 3

50

51 23 models.

52

53 . . . . . .o, . . .

54 24 Our study also has limitations. It was based on secondary analyses of data, possibly limiting information

55

56 25 on additional prognostic factors which could have influenced the derivation of the models. Of the 108

57

58 21
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women included at baseline, 19 did not respond to any of the three follow-ups and were excluded from
the analyses. They showed similar characteristics as the included women except for an average pain
intensity with a median of 6.5 compared with a median of 5 in the study population. Therefore, attrition
might have influenced the results. Some of the participants were recruited by advertisement and could
have different characteristics than ordinary healthcare patients.* However, the baseline levels of average
pain intensity, neck pain-related disability and fear of movement in the study were similar to those in the
study by Shellingerhout et al., who investigated prognostic factor for neck pain in a sample of patients

referred to primary care.*!

The clinical implication of our study findings is that baseline neck disability seems to be an important
factor to consider, as a higher baseline disability was associated with higher odds for clinical important
improvement in both our models. This is in line with the findings of Bot et al. in exploring predictors for
patients with neck or shoulder pain in general practice.*® They found, that being more disabled at baseline
predicted a larger reduction in disability at 3 and 12 months follow-up. Furthermore, psychological
factors are important to consider in the clinical course of physiotherapy concerning women with chronic
neck pain. As psychological factors are modifiable they may be targeted in order to increase the
possibility for short- and long-term improvement in the management of these women. The information
about the prognostic factors and the outcomes included in our models is easily collected at the first
consultation by a physiotherapist, and the models could be a valuable tool to help physiotherapists

manage these patients.

While the predictive ability of our models was acceptable, it also indicated that there may still be other
factors that could help predict the outcome more precisely. It would therefore be valuable to include
variables in future investigations that were not included in the present study, like for example lifestyle
factors such as tobacco and alcohol use, and psychological factors related to work.” ¢ Our models will
make clinicians aware of what factors are important to consider when predicting which patients will have

the best chance of a clinical important improvement. Furthermore, our results facilitate future prognostic

22
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1 <
2 Fan
2 1 research related to chronicity in neck pain. A predictive model development, including internal validation, 9
0]
]
Z 2 is only the first step in the process of deriving a model that could be implemented in clinic. A second step =
(%]
©
; 3 should be external validation, for example, by using data from RCTs including other types of &
9 . , . . - o =
10 4 interventions targeting chronic neck pain. Finally, further external validation should be done by 3
E o
11 S B
12 5  investigating the impact of the model in clinical practice before implementation.'! Because all women in 8 B
13 g B
14 6  our sample underwent physiotherapy, our predictive models should be restricted to this population and g 3
15 g 3
16 7  setting. The validity in other populations and other healthcare providers will remain unknown until 2 g'
17 g 3
18 8  external validations will be available. N
19 5 B
5 @
20 c o
(o} N
22 9 CONCLUSION g o
23 R
24 . o\ . . . 5 XN
25 10 The developed predictive models evaluating clinical important improvement from chronic non-specific 2z
(] =
26 . : - . R g 0=
27 11 neck pain among women in the clinical course of physiotherapy showed acceptable predictive ability. g§ B8
[y
28 oc®
29 12 Age, neck pain-related disability, depression, and catastrophizing seems to be factors that can be of T %8
30 “q =
@3
31 13 guidance for physiotherapists trying to predict the chance of short- and long-term clinical important a §g
32 agQ
2ol
33 14  improvement in these patients. With the exception of neck pain-related disability, different outcome g _;
34 3 o
3 3
; 2 15  measures had different sets of prognostic factors. The effect of some factors may be modified by time. 2 =
o
> <
2573 16  The present study is the first step towards developing predictive models for clinical practice. The next o g
L 2
39 o L , . . . = 3
40 17 steps will include external validations in different neck pain populations and clinical settings. a E
41 2 g
42 & 2
43 18  Author contributions: T Bohman, M Bjorklund and M Bottai contributed to the design of the study. T ‘é 9
3 3
j;" 19  Bohman made the statistical analyses supported by M Bottai and wrote the first manuscript version. All g‘: S
(4]
o <
46 . . . " . . . .
47 20  authors contributed to the interpretation of the data and critically revised all versions of the manuscript 3 =
48 S v
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Figure 1. Included participants and progress of participants along the follow-up period concerning
the outcome measures. RCT: Randomised controlled trial. PGICS: The Patient Global Impression of

Change Scale. NDI: The Neck Disability Index.
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Participants in the original RCT
n=108

Missing information on PGICS and NDI
at all follow-ups (3, 9 and 15 month)
n=19

T

Study population
Participants with information on the outcomes
in at least one follow-up
PGICS n=89, NDI n=89

Missing information on NDI
at 3 month follow-up
n=1

o

Participants with information on the outcomes
at 3 month follow-up
PGICS n=89, NDI n=88

Missing information on PGICS
at 9 month follow-up
n=1

)

Participants with information on the outcomes
at 9 month follow-up
PGICS n=88, NDI n=88

Missing information on PGICS or NDI at 15
month follow-up
n=2

_

Participants with information on the outcomes
at 15 month follow-up
PGICS n=86, NDI n=86

Figure 1. Included participants and progress of participants along the follow-up period concerning the
outcome measures. RCT: Randomised controlled trial. PGICS: The Patient Global Impression of Change
Scale. NDI: The Neck Disability Index.
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ABSTRACT

Objectives

To develop predictive models for short- and long-term clinically important improvement in women

with non-specific chronic disabling neck pain during the clinical course of physiotherapy.

Design
Longitudinal cohort study based on data from a randomized controlled trial evaluating short- and

long-term effects on sensorimotor function over eleven weeks of physiotherapy.

Participants and settings

Eighty-nine women aged 31-65 years with non-specific chronic disabling neck pain from Gévle,

Sweden.

Measures

The outcome, clinically important improvement, was measured with the Patient Global Impression of
Change Scale (PGICS) and the Neck Disability Index (NDI), assessed by self-administered
questionnaires at 3, 9 and 15 months from the start of the interventions (baseline). Twelve baseline
prognostic factors were considered in the analyses. The predictive models were built using random-
effects logistic regression. The predictive ability of the models was measured by the area under the
receiver operating characteristic curve (AUC). Internal validity was assessed with cross-validation

using the bootstrap resampling technique.

Results

Factors included in the final PGICS-model were neck disability and age, and in the NDI-model, neck
disability, depression and catastrophizing. In both models the odds for short- and long-term
improvement increased with higher baseline neck disability, while the odds decreased with increasing
age (PGICS-model), and with increasing level of depression (NDI-model). In the NDI-model, higher

baseline levels of catastrophizing indicated increased odds for short-term improvement and decreased
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odds for long-term improvement. Both models showed acceptable predictive validity with an AUC of

0.64 (95% CI; 0.55-0.73) and 0.67 (95% CI; 0.59-0.75), respectively.

Conclusion

Age, neck disability and psychological factors seems to be important predictors of improvement, and
may inform clinical decisions about physiotherapy in women with chronic neck pain. Before using the
developed predictive models in clinical practice, however, they should be validated in other

populations and tested in clinical settings.

Article summary

Strengths and limitations of this study

= Strengths of this study are a well-defined sample and thorough development of predictive
models.

= The longitudinal design with a short- and long-term follow-up time, and the inclusion of
biopsychosocial prognostic factors in the analyses further strengthens the study.

= A limitation of this study is the relatively small sample.
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INTRODUCTION

Neck pain is a common health problem and a cause of substantial disability which has a considerable
social and economic impact throughout the world.! Hogg-Johnson et al. estimated the 12-month
prevalence of neck pain to range between 30% and 50%, with a higher prevalence among women.!
The prevalence of neck pain has increased during the last decades, and in 2015 neck and low back
pain were the leading causes of disability.? 3 Neck pain often is unrelated to any other specific
pathology.* Although single episodes of neck pain generally dissolve over time, they are likely
recurrent and may become chronic.’ In a review from 2008 Carroll et al. concluded that 50% to 85%

of persons with neck pain do not experience complete resolution of their pain.’

Prognostic research can help understand the course and future outcome in individuals with neck pain.°
Guzman et al. summarised the work of the 2000-2010 Neck Pain Task Force concluding that younger
age, no previous pain, good physiological and psychological health, good coping, good social support,
exercise and sports, and no prior sick leave may increase the chance of recovery from neck pain.’
Walton et al. surveyed prognostic factors for prolonged recovery from neck pain in 13 systematic
reviews.® They found evidence only for past history of musculoskeletal disorders and older age to
prolong recovery in non-whiplash related neck pain. For the remaining factors evaluated there was

insufficient evidence for the influence on neck pain, and more research was recommended.

Neck-pain patients commonly seek physical therapy, but predicting treatment outcome and prognosis
for these patients is challenging.’ Predictive models based on multiple prognostic factors could guide
healthcare providers, such as physiotherapists, in determining which patients are more likely to
improve and to help all patients develop informed expectations.!®!! It is generally recommended to
build predictive models that are applicable to a well-defined patient population and the healthcare
system.'® Women have a higher risk of chronic neck pain than men, and it has been suggested that
women should be assessed separately from men in prognostic research.!? 13 Using the search strategy
for predictive models in physiotherapy and musculoskeletal complaints suggested by van Oort et al.,
we found only one study assessing chronic non-specific neck pain, and none with a model specific for

women. !4 13
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The individual perception of pain and disability vary during the course of an episode, and the effect of
prognostic factors is therefore expected to change over time following physiotherapy.!> ' The analysis
of longitudinal data is effective in evaluating these potential changes over time, as it can separate the
change between individuals from that within any given patient. Longitudinal analyses have been
recommended in prospective cohort studies on musculoskeletal problems.!” ¥ The aim of this study
was to develop predictive models for short- and long-term clinically important improvement in

women with chronic disabling neck pain in the clinical course of physiotherapy.

METHODS

Design and study population

This longitudinal cohort study sought to develop predictive models, including multiple prognostic
factors jointly, for chronic neck pain in women. Predictive models are one of the four themes of the
Prognosis Research Strategy Framework for Prognostic Studies.®!! Carroll et al. classify predictive
models as “Phase II” studies in a 3-level hierarchy of evidence from longitudinal studies, and suggests

them suitable for predicting recovery from neck pain.’

We used data from a randomized control trial (RCT) evaluating the short- and long-term effects,
following eleven weeks of physiotherapy interventions (coordination exercise, strength training and
massage), on sensorimotor function in 108 women with non-specific chronic disabling neck pain.!?
The trial was carried out in Gavle, Sweden, in 2008 and was approved by the ethics review board in

Uppsala, Sweden. Participants gave their written consent to participate in the RCT.

The RCT included Swedish-speaking women aged 25 to 65 years with non-specific disabling neck
pain lasting for 3 months or more (chronic). The women were recruited via the social insurance
agency and with advertisement in local papers and invitations at municipality and county council
work sites, primary and occupational healthcare units. Non-specific chronic disabling neck pain was
defined as neck pain reported by the patient as the “most painful area” along with disability, measured

as > 9 normalised points of the first 19 items in the Disability Arm Shoulder Hand questionnaire
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(DASH).?°2! These 19 items refer to disability in activities of daily living regarding neck, shoulders
and arms. Excluded were individuals with trauma to the head or neck, a diagnosis of rheumatic,
neurological, connective tissue, inflammatory or endocrine disease or psychiatric diagnosis affecting
their everyday life, fibromyalgia, cancer, stroke, cardiac infarction, diabetes types I, cervical
radiculopathy, vestibular disorders, surgery or fracture to the back, neck, or shoulder in the last 3
years or shoulder luxation in the last year. Finally, strenuous exercise more than 3 times per week

during the previous 6 months also led to exclusion.!”

Patient and Public Involvement
As this study was based on secondary data from a RCT, patients were not directly involved in the

design and completion of the study.

Data collection and variables

Before the start of the intervention (baseline), participants filled in a self-administered questionnaire,
containing instruments and questions to measure the potential prognostic factors. Outcome
information was collected by follow-up questionnaires at three, nine and 15 months from baseline.
Participants who did not provide information on the outcome at any of the three follow-ups were

excluded, resulting in a study population of 89 participants (Figure 1).

Figure 1

Outcome

The Patient Global Impression of Change Scale (PGICS) provided information for the outcome
“global perceived change of general health” by comparing general health at follow-up with general
health at baseline. PGICS is a 7-point ordinal Likert scale (very much improved, much improved,
minimally improved, not changed, minimally worse, much worse and very much worse).?? The scale
categories were dichotomized into “improved” (very much improved, much improved) and “not
improved” (all the other categories). According to the IMMPACT recommendations for clinical
important outcomes in chronic pain, the 7- point scale is recommended when assessing general health.

The categories “very much improved” and “much improved” reflects what patients consider to be a
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clinical important improvement in general health.?* The Neck Disability Index (NDI) provided
information for the second outcome.?* The NDI has 10 items (pain intensity, personal care, lifting,
reading, headaches, concentration, work, driving, sleeping and recreational activities) with 6 possible
answers in each item, scored 0 (no limitation) to 5 (major limitations). Total score of the NDI range
from 0 to 50. The NDI has high reliability, strong internal consistency and strong validity, when
compared with other instruments for evaluating patients with neck pain.?* In the present study we used
the normalised NDI (NDI %, 0-100). The minimal important change (MIC) for the NDI % was set
equal to 6.3.% Using MIC as a cut-off, a dichotomized NDI outcome was constructed for each follow-
up, where a clinical important improvement was defined as a NDI % decrease of more than 6.3
between the baseline and the follow-up, and “no improvement” as an increase, or a decrease less than
or equal to 6.3 NDI %. Participants with a NDI % of 0 at follow-up were also defined as having a

clinical important improvement regardless of the baseline score.

Potential prognostic factors

The selection of potential prognostic factors was based on systematic reviews and prospective studies
on the prognosis of non-specific neck pain, clinical considerations and availability in the data (Table
1). Eight potential prognostic factors had support from literature; age, neck disability, average pain
intensity, depression, fear of movement, catastrophizing, social support and leisure physical activity.>®
2627 Chronic widespread pain, recovery expectation, physical work load and dual-working were

considered potential prognostic factors based on clinical considerations.
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Potential prognostic factor Measurement (‘.Za\teéﬂrisation in the analyses
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Age Age at baseline Continuous o R
(7]
>
P ©
Neck disability?* Normalised Neck Disability Index (NDI%) Continuous, 1-10& m=
T 5
o
0="no disability’g'agd'sloo = “complete disability”
[%2]
§28
Average pain intensity?® Average pain intensity during the previous week measured on an Continuous, 0-10;% §
=) 6
203
11-point Numeric Rating Scale (NRS) 0 = “no pain” ancglg%’pain as bad as it could be”
&+ =0
m —
Depression?® Self-rating version of the Montgomery Asberg Depression Rating Continuous, 0-54%. g
3 =
Scale (MADRS-S) 0="no depressivg sy@ptoms” and 54 = “severe depression”
o
Fear of movement303! The Tampa scale of kinesiophobia Continuous, 17-6. %
> 32
A sum score of 1%68 g_/ere higher score indicate higher fear of
a 3
movement n '8
3 3
Catastrophizing3? The six item catastrophizing subscale from the Coping Strategies Continuous, 0-36&: §
(9]
o <
Questionnaire (CSQ). Each item of the g.lbs%le had a score of 0-6 were a high score
5 O
indicated a high %gr@ of catastrophizing
nR
. (6)]
Social support33 Iltem number 5 and 14 of the Swedish Multidimensional Pain Continuous, 1-12 2
o
D
©

Inventory (MPI-S)

_,
wye

Each item with a score of 0-6, where 0 = “no social support”

and 12 = “high social gjpport”
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A combination of three items;

1) Working/not working.

2) What does your household look like?

3) Who is primarily responsible for and performing the housework

in your family?
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Average pain intensity was not limited to neck pain, but all participants reported neck pain as the
“most painful area”, as this was a criterion for inclusion in the RCT.!” Dual-working was a
combination of three items: 1) Working/not working, 2) What does your household look like? (living
alone, living alone with children, living with another adult, living with another adult and children), 3)
Who is primarily performing the housework in your family? (myself, someone else, equally shared).
The factor dual-working was then dichotomized according to the answers into; yes (working, living
with children and/or another adult, and performing the housework) and no (any other combination of
the three items). Dual-working has to our knowledge not been evaluated in previous studies, but in

our opinion it is possibly associated with the prognosis of neck pain in women.

Statistical methods

Descriptive statistics are presented as means and standard deviations (SD) or median and interquartile
range (IQR) when appropriate. The level of the confidence intervals (CI) was set at 95% and that of
the tests at 5%. All p-values were two-sided. Stata version 14.2 (StataCorp College Station, TX, USA)
was used in the analyses.

Random-effects logistic regression models were used to estimate the probability of a clinically
important improvement of the outcomes from baseline to three and 15-months follow-up.!” Data from
all three follow-ups, three, nine and 15-months, were used in the analyses. Random-effects logistic
regression can model longitudinal data efficiently, while taking into account the potential dependence
of the repeated measures taken on each participant.!” The regression models were estimated for each
of the two outcomes, PGICS and NDI, separately. Both outcomes showed strong associations between
the follow-ups. The linearity of the relationship between the logit of the probability of the outcome
variables and numeric independent variables (potential prognostic factors) was verified by means of
restricted cubic splines.!” 3 None of the numeric independent variables showed evidence against

linearity.

Random-effects logistic regressions, including data from all three follow-ups, were used for all
potential prognostic factors one at a time to estimate the time-specific odds ratios (OR) with 95% CI

for each of the two outcome measures, separately. If the interaction term (factor-by-time) was not

11
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statistically significant, the analyses were repeated without the interaction term. This resulted in a
single OR for the factor from three to 15 months. When the interaction was significant, the OR at
three and 15 months were reported separately. Potential prognostic factors with a p-value < 0.2 for the
estimated OR were considered candidate factors for the predictive models.*® Based on an a priori
decision of clinical relevance, statistical effect measure modifications were tested between pain
intensity and depression or recovery expectations. If the effect measure modification was statistically

significant, this was included in the subsequent analyses.3? 3°

Developing the models

A sequential backward manual selection procedure with the random-effects logistic regressions was
used to build the predictive models.?® All candidate factors were included in the initial model. The
factor with the highest p-value (Wald-test) were excluded one by one until all factors in the model had
a p-value < 0.1.38 If a candidate factor showed effect-modification with time, then the factor was
included together with the effect measure modification in the model. During the development process,
all the analyses were adjusted for the assigned RCT interventions. “Intervention” was then removed
from the final predictive models before evaluating the models and presenting the results. The
association between the prognostic factor and the outcome was reported as beta-coefficient (B) with

standard error (SE), OR with 95% CI and associated p-value.

Evaluation of the models

The bias corrected area under the receiver operating characteristic curve (AUC) with 95% CI was
obtained by cross-validation based on 100 design-matrix bootstrap replicates and used to determine
the internally-validated predictive ability of the models.3®3° The AUC represents a summary of the
sensitivity and specificity of the model in distinguishing participants who improve during the follow-
up period from those who do not. The AUC ranges from 0.5 (no predictive ability) to 1.0 (perfect
predictive ability). Overfitting was assessed by calculating the heuristic shrinkage factor.4® A
shrinkage factor of 1.0 indicates no overfitting of the model. The shrinkage corrected beta-coefficients

(SP) were calculated by the formula; shrinkage factor x f.

12
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Sensitivity analyses

To compare the study population with that of the non-responders, we used the chi-squared test for

categorical variables, and the t-test or the Wilcoxon’s rank-sum test for continuous variables.

RESULTS

Study population

Baseline characteristics of the study population are listed in Table 2. The women’s age ranged
between 31 and 65 years, and all women reported neck pain duration of more than eight months, with
a median of 120 months (IQR 60-216). Eighty women (91%) were working and 66 (74%) reported no
sick leave because of neck pain during the previous 6 months. Using PGICS as outcome measure 47
(53%) women were categorised as improved at 3-month, 31 (35%) at 9-month and 26 (30%) at 15-
month follow-up while using NDI as outcome measure 39 (44%) women had improved at 3 months,
37 (42%) at 9 months and 31 (36%) at 15 months. Only one participant reported “no neck disability”
(NDI% = 0) at the three and 15-month follow-up, respectively, while none reported “no neck

disability” at the 9-month follow-up.

Table 2. Baseline characteristics of the study population, n=89.

Characteristics Missing (n)?
Age median (IQR) 52 (47-59) 0
Neck disability median (IQR) 28 (20-33) 0
Average pain intensity mean (SD) 5.2 (1.6) 0
Depression median (IQR) 8 (6-12) 1
Fear of movement median (IQR) 29 (26-33) 0
Catastrophizing median (IQR) 6 (3-11) 0
Social support mean (SD) 6.2 (3.4) 1
Recovery expectation median (IQR) 4 (3-4) 4
Chronic widespread pain freq (%) 0

13
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Yes
Leisure physical activity freq (%)
No/low intensity
Moderate/high intensity
Physical workload freq (%)
Mostly sedentary
Low/heavy work load
Dual-working freq (%)

Yes

40

60

29

36

52

38
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(45)

(67)

(33)

(41)

(59)

(45)

amissing answer, IQR; interquartile range, SD; standard deviation, freq; frequency.

Development and evaluation of the predictive model

The analyses on each potential prognostic factor are presented in Table 3. The follow-up data

observations used for the analyses differed slightly between the two outcome measures because of

missing responses (Figure 1). No effect measure modification was observed between pain intensity

and depression or recovery expectations. In the analyses with PGICS as outcome measure age, neck

disability, and average pain intensity met the criteria for inclusion into the predictive model analysis.

No potential prognostic factor appeared to modify the effect of time. In the corresponding analyses

with NDI as outcome measure, five potential prognostic factors met the criteria for inclusion: age,

neck disability, depression, catastrophizing, and leisure physical activity. The effect of catastrophizing

changed over time, why an effect measure modification term (catastrophizing x time) was added to

the predictive model analysis.

Table 3. Random-effects regression analyses* for potential short- and long-term prognostic

factors with PGICS and NDI as outcome, n=89.

Potential prognostic factor

n/obs®

OR 3-15mP

p-eff.m.c

Age
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Neck disability 89/263 1.08 1.01, 1.16 0.03 0.26
Average pain intensity 89/263 1.60 1.00, 2.55 0.05 1.00
Depression 88/260 1.04 0.92, 1.19 0.50 0.07
Fear of movement 89/263 0.98 0.87, 1.09 0.67 0.48
Catastrophizing 89/263 1.06 0.94,1.20 0.34 0.20
Social support 88/260 1.08 0.88, 1.33 0.47 0.57
Recovery expectations 85/253 1.74 0.71,4.25 0.22 0.47
Chronic widespread pain 89/263 0.45

No 1.0

Yes 1.99 0.46, 8.66 0.36
Leisure physical activity 89/263 0.36

No/low intensity 1.0

Moderate/high intensity 0.77 0.16, 3.65 0.75
Physical workload 88/260 0.64

Mostly sedentary 1.0

Low to heavy workload 1.35 0.31, 5.86 0.69
Dual-working 85/251 0.41

No 1.0

Yes 0.77 0.17,3.39 0.73
Potential prognostic factor NDI

n/obs® OR 3-15mP 95% CI p-value p-eff.m.c

Age 89/262 0.96 0.90, 1.02 0.20 0.68
Neck disability 89/262 1.05 1.01,1.11 0.02 0.31
Average pain intensity 89/262 1.17 0.84,1.63 0.35 0.67
Depression 88/259 0.94 0.86, 1.03 0.17 0.75
Fear of movement 89/262 0.99 0.92, 1.07 0.87 0.88
Catastrophizing 89/262 0.03

3md 1.10 0.98,1.24 0.12
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15 me 0.93 0.83, 1.05 0.23
Social support 88/259 1.08 0.93,1.26 0.32 0.72
Recovery expectations 85/253 0.73 0.39,1.37 0.33 0.37
Chronic widespread pain 89/262 0.10
No 1.0
Yes 0.72 0.26, 1.99 0.53
Leisure physical activity 89/262 0.36
No/low intensity 1.0
Moderate/high intensity 0.48 0.16,1.43 0.19
Physical workload 88/259 0.06
Mostly sedentary 1.0
Low to heavy workload 1.16 0.41, 3.25 0.78
Dual-working 85/250 0.16
No 1.0
Yes 0.55 0.19, 1.58 0.27

* Data from all three follow-ups (3, 9 and 15 month) were used in the analyses.

OR=0dds ratio, an OR>1 reflects a higher odds of clinical important improvement and an OR<1 reflects a lower odds of
clinical important improvement, Potential prognostic factors included in the development of the predictive models are
presented in italics, PGICS: Patient Global Impression of Change Scale, NDI: normalised Neck Disability Index, 2 number of
participants in the analyses/number of outcome observations in the analyses, ? odds ratios for clinically important
improvement between 3 to 15 months, Cl: Confidence interval, ¢ p-value for the effect modification over time between 3 to
15 months from baseline, 42" e results (OR, 95% Cl and p-values) for clinically important improvement at 3 and 15 months

respectively.
The resulting predictive models from the sequential selection procedure are presented in Table 4.
Internal validation showed acceptable predictive ability for the models of 0.64 and 0.67 respectively

(Table 4). The calculated shrinkage factor was 0.73 for the PGICS-model and 0.65 for the NDI-

model.

16
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Table 4. The final predictive models* of clinically important improvement in chronic disabling

neck pain with PGICS and NDI as outcome.

Prognostic factor PGICS
(89/263)°
B SE OR 95% CI p-value SB
Neck disability 0.08 0.04 1.08 1.01,1.16 0.03 0.06
Age -0.08 0.05 0.92 0.84,1.01 0.08 -0.06
AUC (95% CI)¢ 0.64 (0.55, 0.73)
Prognostic factor NDI
(88/259)°
B SE OR 95% CI p-value SB
Neck disability 0.08 0.03 1.08 1.02,1.14 0.01 0.05
Depression -0.11 0.05 0.89 0.81,0.98 0.02 -0.07
Catastrophizing
3 months 0.07 0.06 1.08 0.96, 1.21 0.21 0.05
15 months -0.09 0.06 0.92 0.82,1.03 0.14 -0.06
x time® -0.01 0.01 0.99 0.97,1.00 0.03 -

AUC (95% Cl)°

0.67 (0.59, 0.75)

* Data from all three follow-ups (3, 9 and 15 month) were used in the models.

The intercept (Bo) for the PGICS-model was; 1.27, and for the NDI-model; -1.89.

OR=0dds ratio, an OR>1 reflects a higher odds of clinical important improvement and an OR<1 reflects a lower odds of

clinical important improvement, PGICS: Patient Global Impression of Change Scale, NDI: normalised Neck Disability Index,

B: beta-coefficient, SE: standard error, Cl: confidence interval, SB: shrinkage corrected beta-coefficient (shrinkage factor x

B), “number of participants in the analysis/number of outcome observations in the analysis, ® effect measure modification

term in the model; catastrophizing x time, ¢internally validated receiver operating characteristics curve (AUC) with 95% ClI.

Sensitivity analyses
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Non-responders (n = 19) showed no statistically significant differences in the characteristics from the
study population except for average pain intensity, where non-responders had a higher median of 6.5

compared with a median of 5 (p = 0.03) in the study population.

DISCUSSION

We developed and internally validated predictive models for clinically important short- and long-term
improvement from chronic disabling neck pain among women in the clinical course of physiotherapy.
The models were developed for the “global perceived change of general health” (PGICS) and the
Neck Disability Index (NDI), separately. Both models had acceptable predictive ability.?® The results
showed that, when assessing potential biopsychosocial prognostic factors, perceived disabilities
related to neck pain, depression, catastrophizing and age are of importance for predicting short- and
long-term improvements in these women. Further, we found that prognostic factors could predict
different results depending on the follow up time, as for catastrophizing in the NDI-model. This is
important in the management of patients in clinical settings. Similarly to previous studies, we found

that the prognostic factors in the models could differ depending on the outcome. !¢ 34

Our results indicate that the odds for clinically important improvement, with PGICS as outcome
measure, decrease with age and increase with higher baseline levels of disability related to neck pain.
With NDI as an outcome measure, the odds for improvement increased with higher baseline levels of
neck pain-related disability and decrease with higher levels of depression. These results were valid
over the total follow up time of 15 months. However, the NDI-model indicated increased odds for
short-term improvement, but decreased odds for long-term improvement with higher levels of
catastrophizing at baseline. This interesting finding was made possible by the longitudinal nature of
our study design. To the best of our knowledge, this is the first study using longitudinal analyses in
predictive models for neck pain. Interestingly, depression was found to be a predictor even though

women with a psychiatric diagnosis affecting their everyday life were excluded from the study.
The relative strength of the incorporated factors in the model should be interpreted with great caution
as their independent effect on the outcome were not thoroughly examined.
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Our findings are somewhat different from those of other similar studies, because of the different study
populations, potential prognostic factors examined, outcomes and follow up times. We found only one
prediction study on patients with chronic non-specific neck pain in physiotherapy, but with a study
population also including males.!®> Poor outcome was predicted by pain medication at discharge and at
one-year follow-up, and by catastrophizing at one-year follow-up, the latter in line with our results.
Similarly to our study, the outcome was assessed as a minimal clinical important difference, but was

based on the Northwick neck pain questionnaire.

We found four reports on non-specific neck pain predictive models with reasonably similar outcomes,
methods and follow-up time as in the present study.3* 44> However, all four reports included both
male and female patients with different durations of pain (acute, subacute and chronic), and were not
performed in the course of physiotherapy only. Similarly to us, Hill et al. and Verhagen et al. found
the psychological factors catastrophizing and depression/distress to predict their outcomes.3* 4 Also,
baseline neck disability was included in the models by Hill et al. and by Kjellman et al.>*4? Other
factors in their models were; pain intensity, treatment expectations, concomitant back pain, manual
social class, well-being and somatisation, while we found that treatment expectations and pain
intensity were not important predictors in our study.3* 4?4 Shellingerhout et al. presented a predictive
model with a set of nine predictors for global perceived recovery in an adult primary care
population.*! With the exception of age, none of the predictors found were similar to our predictors, a
discrepancy that may be explained by different study settings, population and outcome compared with
our study. In their population only 34% reported chronic neck pain and 60% were women. Further,
only 28% of the patients were referred to physiotherapy while the others were referred to “usual care”,
spinal manipulation or a behaviour graded activity program. Even though Shellingerhout et al.
reported a model including nine predictors, their predictive ability (AUC = 0.66) was similar to that of
our models (AUC of 0.64 and 0.67). One could speculate that as prognostic factors in research related
to neck pain most often are weak, reaching higher levels of predictive ability may be hard even with

large samples and well conducted analyses.>
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Our study meets most of the important criteria for deriving predictive models in relation to
musculoskeletal disorders and physiotherapy suggested by Beneciuk et al.: a well-defined study
population, longer follow-up times than six months and psychological and psychosocial assessments
incorporated in the model-development.** Other strengths of our study are a follow-up rate of 82%
and a small number of missing data. We used longitudinal analyses, an advantage when assessing
individual change over time.!® The outcome, clinical important improvement, was based on the
IMMPACT recommendations (PGICS), and on responsiveness analyses in which the same sample as
in the present study was included (NDI).?* 25 The use of conservative “cut-points” for the Wald test in

the selection procedure in order to decrease the risk of type II errors, are also supported in literature.’®

39

Our study also has limitations. The sample size of 89 participants could be considered small when
conducting a prediction study. A small sample size increases the risk of over-dispersion during
analyses. However, the sample size was large enough to ensure the recommendations of 10 to 15
participants for each parameter estimate (coefficient) included in the analyses.3® 4 Furthermore, our
results are based on secondary analyses of data, possibly limiting information on additional prognostic
factors which could have influenced the derivation of the models. Of the 108 women included at
baseline, 19 did not respond to any of the three follow-ups and were excluded from the analyses. They
showed similar characteristics as the included women except for an average pain intensity with a
median of 6.5 compared with a median of 5 in the study population. Therefore, attrition might have
influenced the results. Some of the participants were recruited by advertisement and could have
different characteristics than ordinary healthcare patients.*> However, the baseline levels of average
pain intensity, neck pain-related disability and fear of movement in the study were similar to those in
the study by Shellingerhout et al., who investigated prognostic factor for neck pain in a sample of

patients referred to primary care.*!

The clinical implication of our study findings is that baseline neck disability seems to be an important
factor to consider, as a higher baseline disability was associated with higher odds for clinical

important improvement in both our models. This is in line with the findings of Bot et al. in exploring
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predictors for patients with neck or shoulder pain in general practice.*® They found, that being more
disabled at baseline predicted a larger reduction in disability at 3 and 12-month follow-up.
Furthermore, psychological factors are important to consider in the clinical course of physiotherapy
concerning women with chronic neck pain. As psychological factors are modifiable they may be
targeted in order to increase the possibility for short- and long-term improvement in the management
of these women. The information about the prognostic factors and the outcomes included in our
models is easily collected at the first consultation by a physiotherapist, and the models could be a

valuable tool to help physiotherapists manage these patients.

While the predictive ability of our models was acceptable, it also indicated that there may still be
other factors that could help predict the outcome more precisely. It would therefore be valuable to
include variables in future investigations that were not included in the present study, like for example
lifestyle factors such as tobacco and alcohol use, and psychological factors related to work.*’ 48 Our
models will make clinicians aware of what factors are important to consider when predicting which
patients will have the best chance of a clinical important improvement. Also notable to clinicians is
that factors can vary depending on the outcome measured, and that the chance of improvement can
change over time for some factors, as for catastrophizing in the current study. Furthermore, our results
facilitate future prognostic research related to chronicity in neck pain. A predictive model
development, including internal validation, is only the first step in the process of deriving a model that
could be implemented in clinic. A second step should be external validation, for example, by using
data from RCTs including other types of interventions targeting chronic neck pain. Finally, further
external validation should be done by investigating the impact of the model in clinical practice before
implementation.!' Because all women in our sample underwent physiotherapy, our predictive models
should be restricted to this population and setting. The validity in other populations and other

healthcare providers will remain unknown until external validations will be available.

CONCLUSION
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The developed predictive models evaluating clinical important improvement from chronic non-
specific neck pain among women in the clinical course of physiotherapy showed acceptable predictive
ability. Age, neck pain-related disability, depression, and catastrophizing seems to be factors that can
be of guidance for physiotherapists trying to predict short- and long-term clinical important
improvement in these patients. With the exception of neck pain-related disability, the different
outcome measures had different sets of prognostic factors. The effect of some factors may be
modified by time. The present study is the first step towards developing predictive models for clinical
practice. The next steps will include external validations in different neck pain populations and

clinical settings.

Author contributions: T Bohman, M Bjorklund and M Bottai contributed to the design of the study.
T Bohman made the statistical analyses supported by M Bottai and wrote the first manuscript version.
All authors contributed to the interpretation of the data and critically revised all versions of the

manuscript and finally approved the last version.

Acknowledgements:

We thank Maria Frykman and Thomas Rudolfsson for excellent administration and data acquisition.

Funding:
The study was funded by Alfta Research Foundation, grants from the Swedish Council for Working
Life and Social Research (2006-1162), Lansforsakringar Forskning och Framtid (51-1010/06) and

Forte Centre Working Life “The body at work — from problem to potential” (2009-1761).

Competing interests: None declared.

Ethical approval: The ethics review board in Uppsala, Sweden, approved the study (Registration nr.

207/206).

Data sharing: No additional data available.

22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 30

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* Jooyosaboysnwsel]


http://bmjopen.bmj.com/

Page 23 of 30

oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

BMJ Open

Transparency: The corresponding author (T Bohman) affirms that the manuscript is an honest,
accurate, and transparent account of the study being reported; that no important aspects of the study

have been omitted; and that any discrepancies from the study as planned have been explained.

Figure 1. Included participants and progress of participants along the follow-up period
concerning the outcome measures. RCT: Randomised controlled trial. PGICS: The Patient Global

Impression of Change Scale. NDI: The Neck Disability Index.
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Participants in the original RCT
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Missing information on PGICS and NDI
at all follow-ups (3, 9 and 15 month)
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Study population
Participants with information on the outcomes
in at least one follow-up
PGICS n=89, NDI n=89

Missing information on NDI
at 3 month follow-up
n=1

o

Participants with information on the outcomes
at 3 month follow-up
PGICS n=89, NDI n=88

Missing information on PGICS
at 9 month follow-up
n=1

)

Participants with information on the outcomes
at 9 month follow-up
PGICS n=88, NDI n=88

Missing information on PGICS or NDI at 15
month follow-up
n=2

_

Participants with information on the outcomes
at 15 month follow-up
PGICS n=86, NDI n=86

Figure 1. Included participants and progress of participants along the follow-up period concerning the
outcome measures. RCT: Randomised controlled trial. PGICS: The Patient Global Impression of Change
Scale. NDI: The Neck Disability Index.
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the target population, and the outcome to be predicted.
Provide a summary of objectives, study design, setting, participants, sample size,
Abstract 2 . o ! X 2-3
predictors, outcome, statistical analysis, results, and conclusions.
Introduction
Explain the medical context (including whether diagnostic or prognostic) and
3a rationale for developing or validating the multivariable prediction model, including 4-5
Background i
and obiectives references to existing models.
! Specify the objectives, including whether the study describes the development or
3b N 5
validation of the model or both.
Methods
4a Describe the study design or source of data (e.g., randomized trial, cohort, or 5
registry data), separately for the development and validation data sets, if applicable.
Source of data " - - - - -
4b Specify the key study dates, including start of accrual; end of accrual; and, if 5.6
applicable, end of follow-up.
53 Specify key elements of the study setting (e.g., primary care, secondary care, 5
Participants general population) including number and location of centres.
P 5b Describe eligibility criteria for participants. 5-6
5¢c Give details of treatments received, if relevant. NA
Clearly define the outcome that is predicted by the prediction model, including how
6a 6-7
Outcome and when assessed.
6b Report any actions to blind assessment of the outcome to be predicted. NA
7a Clearly define all predictors used in developing or validating the multivariable 7-11
. prediction model, including how and when they were measured. Tab 1
Predictors . - -
7b Report any actions to blind assessment of predictors for the outcome and other NA
predictors.
Sample size 8 Explain how the study size was arrived at. Fig 1
6, 17-
Missing data 9 Describe how missing data were handled (e.g., complete-case analysis, single 18
9 imputation, multiple imputation) with details of any imputation method. Fig 1
Tab 2
11-12
. . . Tab 1,
10a Describe how predictors were handled in the analyses.

- 3and
Statistical 4
analysis - % - - -
methods 10b Spemfy type of model, all njodel-bundl.ng procedures (including any predictor 11-12

selection), and method for internal validation.

10d Specify all measures used to assess model performance and, if relevant, to 12
compare multiple models.

Risk groups 11 Provide details on how risk groups were created, if done. NA
Results

Describe the flow of participants through the study, including the number of

13a participants with and without the outcome and, if applicable, a summary of the Fig 1
follow-up time. A diagram may be helpful.

- 13
Participants Describe the characteristics of the participants (basic demographics, clinical Fig 1

13b features, available predictors), including the number of participants with missing Tab 2,
data for predictors and outcome. 3 and
4
13
Model 14a Specify the number of participants and outcome events in each analysis. Tab 3
and 4
development 14b If done, report the unadjusted association between each candidate predictor and Tab 3
outcome.
Present the full prediction model to allow predictions for individuals (i.e., all
Model 15a regression coefficients, and model intercept or baseline survival at a given time Tab 4
specification point). 18 &
15b Explain how to the use the prediction model. 20-21
Model 16 Report performance measures (with Cls) for the prediction model. Tab 4
performance
Discussion
Limitations 18 Discuss any I|m|.tat.|ons of the study (such as nonrepresentative sample, few events 20
per predictor, missing data).
. 19b Give an overall interpretation of the results, considering objectives, limitations, and
Interpretation . . - 18-20
results from similar studies, and other relevant evidence.
Implications 20 Discuss the potential clinical use of the model and implications for future research. 21
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Other information
Supplementary Provide information about the availability of supplementary resources, such as study
. . 21 22
information protocol, Web calculator, and data sets.
Funding 22 Give the source of funding and the role of the funders for the present study. 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

TRAPOD

TRIPOD Checklist: Prediction Model Development

'salbojouyoal Jejiwis pue ‘Bulures |y ‘Buluiw elep pue 1Xa] 0] palejal sasn 1o} Buipnjoul ‘1ybliAdoo Aq palosloid

* jooyasaboysnwselq


http://bmjopen.bmj.com/

	BMJ OPEN_ Previous Version Cover sheet
	bmjopen-2018-024557
	bmjopen-2018-024557.R1
	bmjopen-2018-024557.R2

