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Abstract
Objective We aimed to explore whether neck-specific exercise, with or without a
behavioural approach, has benefits after 1 and 2 years over prescribed physical activity
regarding pain, self-rated functioning/disability, and self-efficacy in chronic whiplash
management. Design This was a follow-up of a randomized, assessor blinded, clinical trial.
Patients Participants were 216 volunteers with chronic whiplash associated disorders, grade
2 or grade 3. Methods Participants were randomized to one of three exercise interventions:
neck-specific exercise with or without a behavioural approach, or physical activity
prescription. Self-rated pain (Visual Analogue Scale), disability (Neck Disability
Index/Patient Specific Functional Scale), and self-efficacy (Self-Efficacy Scale) were
evaluated after 1 and 2 years. Results Both neck-specific exercise groups maintained more
improvement regarding disability/functioning than the prescribed physical activity group at
both time points (p≤0.02). At 1 year, 61% of those in the neck-specific group reported at least
50% pain reduction, compared with 26% of those in the physical activity prescription group
(p<0.001), but at 2 years the difference was not significant. Conclusion After 1 to 2 years,
participants with chronic whiplash who were randomized to neck-specific exercise, with or
without a behavioural approach, remained more improved than participants who were
prescribed general physical activity.
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Introduction
At 1 year post-injury, 50% of people with whiplash-associated disorders (WAD) still report
neck pain (1). Despite the significant impact of WAD, there is still no clear evidence
regarding which treatment is most effective (2-4). The persistence of symptoms in individuals
with WAD has been attributed to both physical and psychosocial factors (5). It is therefore
reasonable to assume that a behavioural approach may be of benefit in the management of
chronic WAD, as in chronic back pain (6). However, impairments and altered patterns of
muscle activation (7-11) and muscle deformation (12) in the cervical spine are also features
of chronic WAD, suggesting that treatments aimed at improving muscle function might also
be of importance. Although exercise is considered a safe treatment for neck pain, with
temporary and benign side effects, its efficacy in the context of chronic WAD remains
unclear (2, 3). Short-term pain reduction may be achieved (13), but there is no evidence
regarding what the optimal exercise approach would be in WAD (13). Although physical
activity prescription (self-directed general physical activity outside the health care system,
PPA) is often recommended for patients with chronic pain (14), the relative effectiveness of
different exercise regimens in relieving chronic WAD remains unknown (13). Regarding
chronic WAD grades 1-2, Michaleff et al. found that a comprehensive exercise programme
including neck-specific exercise was not more effective for pain reduction than advice alone
(15). Another randomized controlled trial previously reported by our group, found that
patients with chronic WAD grades 2-3 experienced greater reductions in neck pain and neckrelated disability after neck-specific exercise, with or without the addition of a behavioural
approach, compared with PPA (16). However, those results were only analyzed up to 6
months post-inclusion.
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The aim of this study was to explore whether, after 1 and 2 years, neck-specific exercise with
or without a behavioural approach has long-term benefits over PPA regarding pain, self-rated
functioning/disability, and self-efficacy in the management of grade 2 or grade 3 chronic
WAD.

Methods
Design
This is a 1- and 2-year follow-up of a multi-centre, prospective, randomized clinical trial with
assessor and group allocation blinding (Clinical Trials.gov,NCT01528579 (17)). Short-term
results have been presented previously (16). The study, conducted in accordance with the
Helsinki declaration, was approved by the Regional Ethics Committee of Linköping
University, Sweden.

Participants and settings
Two hundred and sixteen individuals with chronic WAD were recruited between February
2011 and May 2012, including 142 (65%) women and 74 (35%) men with a mean age of 40
(range 18-63, SD 11.4) years (Table I). Inclusion criteria were age 18-63 years, and a grade 2
or 3 whiplash injury according to the Quebec Task Force (18) in the preceding 6-36 months
that was nominated as the cause of current symptoms. Additional inclusion criteria were a
Neck Disability Index score (NDI) (19) of at least 10/50 points, and/or an average pain rating
on the Visual Analogue Scale (VAS) of >20/100 mm (0 = no pain, 100 = worst imaginable
pain) (20) for the preceding week. Exclusion criteria were signs of traumatic brain injury,
previous neck trauma with unresolved symptoms, more dominant pain elsewhere, neck pain
causing more than 1 month of absence from work in the year preceding the whiplash injury,
myelopathy, spinal infection or tumor, previous neck surgery, conditions that were potentially
4
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detrimental to completing the study interventions (e.g., severe psychiatric disorders or known
drug abuse) or insufficient knowledge of the Swedish language. Experienced physiotherapists
conducted the interventions in a primary care setting. The physiotherapists were provided
with standardized oral information about their interventions. Those in charge of
physiotherapist-led interventions participated in a 1-day workshop of standardized practical
and theoretical training held by the project leaders.

One hundred seventy patients (79%) completed the 1-year follow-up, and 123 patients (57%)
completed the 2-year follow-up (Fig. 1). With imputed values (see statistics), data was
available from 193 participants (89%) at 1 year and from 184 (85%) participants at 2 years.
There was no baseline difference (p>0.27 for all) between those who completed the
questionnaires and drop-outs at either time point regarding allocation, gender, WAD grade,
pain or pain bothersomeness, NDI (1 year only), or age (2 years only). Drop-outs at 1 year
were somewhat younger [age 37 years (SD11)] than those who completed the study [age 41
years (SD 11), p=0.04]. Drop-outs at 2 years reported more baseline disability than those who
completed the study [NDI 17.9 (SD 6.9) vs. NDI 15.7 (SD 6.5), p<0.04]. At 2 years, dropouts and completers did not differ regarding preceding improvement from baseline to 1 year
(NDI and neck pain VAS, p>0.94).
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Table 1. Baseline characteristics of participants in the three randomized groups

Procedure
Potential participants were identified from the health care registries of six Swedish counties,
including primary health care centers and hospital outpatient services. Participants were
screened for eligibility through the following four-step process (Fig. 1): 1) an initial screening
6
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letter that contained study information, basic inclusion/exclusion criteria (Fig.1), NDI (19)
and Pain VAS (P-VAS) measures 2) a telephone interview with one of the project leaders; 3)
a review of medical records, if needed due to any uncertainties; and 4) a physical examination
by an experienced physiotherapist (mean 18 years of experience) to confirm findings
consistent with either WAD grade 2 (neck pain and clinical findings) or WAD grade 3
(addition of neurological signs) (18).

All participants received verbal and written information about the study. Informed consent
and baseline measurements were collected before allocation. Allocation from a computergenerated randomization list was made by an independent researcher, who also put the
individual results in sealed opaque envelopes for further distribution to the treating
physiotherapists. Collection and entering of data was made by staff blinded to allocation.
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Figure 1. Patient disposition throughout the study.
*Whiplash injury in the preceding 6 to 36 months, reported as the onset of current symptoms, excluding
unconsciousness/loss of memory in connection to the whiplash injury; previous neck trauma with unresolved
symptoms; previous neck surgery; ongoing malignant disease; severe psychiatric disorders; drug abuse;
difficulty understanding the Swedish language. NDI=Neck Disability Index; VAS=Visual Analogue Scale;
WAD=whiplash-associated disorders.
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Interventions
First, all patients were examined by their treating physiotherapist. All three interventions
were undertaken during a 12-week period, and participants were encouraged to continue
exercising on their own after the interventions. The interventions, as previously described in
more detail (16), were: physiotherapist-led neck-specific exercise (NSE), NSE with the
addition of a behavioural approach (NSEB), or prescribed physical activity (PPA). No serious
harms were reported.

Neck-specific exercise, NSE
Participants in the NSE group undertook supervised, neck-specific exercise twice weekly.
They initially also practiced daily at home, focusing on activity of the deep cervical muscles.
Next, gym exercise within participants’ symptom tolerance was gradually introduced, with
progressive head resistance training that focused on low load endurance in flexion, extension,
rotation, and lateral flexion. Exercise-related pain provocation was not accepted in this
group. A detailed description of the exercises can be found at the Academic Archive On-line
(21). Participants also received a written individualized exercise program that contained
exercises from the interventions and general physical activity towards the end of the 12-week
intervention.

Neck-specific exercise with a behavioural approach, NSEB
The protocol of exercises in the NSEB group was the same as that undertaken by the NSE
group, with the addition of a behavioural approach. The behavioral approach was aimed to be
basic and manageable by experienced physiotherapists in primary care with some previous
knowledge of behavioral approaches. In accordance with the concept of graded exercise,
patients were encouraged not to focus on temporary increases in neck pain. They also
received physiotherapist-guided behavioural interventions, including education and
9
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introduction to activities aimed at pain management and problem-solving. Timeframes and
specific components of the interventions have been described previously (16).

Prescribed physical activity, PPA
Participants in the PPA group initially received a short motivational interview by a
physiotherapist. Based on this interview and a physical examination, they were prescribed
individualized general physical activity to be performed independently. The purpose of this
prescription was to increase overall physical activity, either with individualized home
exercise or activities performed in public gyms or elsewhere, outside the health care system.
Neck-specific exercises that included any form of head resistance were not prescribed in this
group. A single follow-up visit or phone call was encouraged. Participants in this group were
also encouraged to continue exercise post-interventions.

Outcomes
All measurements were recorded at baseline and after 1 and 2 years. The individually chosen
activities were recorded verbally in the Patient-Specific Functional Scale (PSFS) by a blinded
investigator in connection to other clinical tests, to ensure that they were individually
standardized with regard to time and/or repetitions.

Disability and functioning
The primary outcome measurement was the NDI (19), which consists of 10 items that grade
neck disability from 0 (no activity limitations) to 5 (major activity limitations), with a total
maximum score of 50 points (19). A higher score represents a greater level of disability. The
NDI is considered a reliable and valid measurement of disability in patients with neck pain
disorders (22).
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The PSFS was used to measure functioning. For the PSFS, each patient nominated three
individual activities related to work, leisure, and physical activity/exercise that they were
unable to do or experienced difficulty performing because of their neck condition. These
activities were ranked according to functional level on a scale from 0 (unable to do) to 10
(functional level equal to preinjury status), and the average of the scores was calculated. The
PSFS has been shown to have excellent reliability (23) and responsiveness in the chronic
WAD population (24).

Pain
Current neck pain intensity was measured using a Pain VAS (P-VAS) anchored by 0 = no
pain, and 100 = worst imaginable pain (20). Bothersomeness of neck pain (B-VAS) was
recorded for the preceding 24 hours (anchored by 0 = not bothersome at all, 100 = extremely
bothersome). Pain bothersomeness is reportedly more responsive than pain intensity in
individuals with WAD (24). Patients also recorded whether they used analgesics to manage
their neck pain (yes/no).

Self-efficacy
The participants’ confidence in their ability to perform activities despite pain was evaluated
using the Self-Efficacy Scale (SES) (25, 26). The SES is a reliable instrument in WAD
populations (5, 27); it consists of 20 different physical and psychosocial activity items that
are scored from 0 = not confident at all, to 10 = very confident, thus generating a total score
from 0-200.
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Adherence
Participants were asked to estimate their adherence to their post-intervention prescribed
exercise on a 4-point scale: full, fair, some, or no adherence. Participants who reported some
to full adherence were classified as adherent in the analysis.

Clinical relevance
The Initiative on Methods, Measurement and Pain Assessment in Clinical Trials
(IMMPACT) concluded that it is impossible to provide specific guidelines for determining
whether or not a group difference is clinically meaningful (28). Therefore, we also calculated
the proportion of patients that achieved clinically important improvement where such cut-offs
have been established. The Minimal Clinically Important Difference (MCID) of the NDI
score is suggested to be 3.5-5/50 points (19), with a reduction of 5 set as the cut-off score in
this study. This exceeds the measurement error in this study sample, as previously reported
[Minimum Detectable Change (MDC) of 3.3/50 points (16). In the PSFS, the MCID is
reported as 2.3 and the MDC is reported as 2.1 (29). An increase of 2.3 was set as the cut-off
score in this study. A reduction in pain intensity of ≥50% is suggested to indicate substantial
improvement or treatment success according to IMMPACT recommendations (30). This level
is also used in this study to define clinically important improvement. To our knowledge, the
MCID has not been established in the SES.

Statistics
The required sample size for the original randomized controlled trial was determined on the
basis of the expected difference between the three groups (alpha 5%, power 80%) for main
outcome, NDI (3.5/50, SD 7), and allowing for a 10% dropout rate, rendering a sample size
12
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of 216. If only one item of data was missing from the NDI scores or two items were missing
from the SES, the missing data were substituted by the average item score of the
questionnaire for that participant. If more data items were missing, that particular score was
omitted from the analysis. Missing scores were considered MAR (missing at random), such
that the closest match is considered a reliable and efficacious imputation method in repeated
measures data. Closest match replaces a participant’s missing time point with a value
obtained from another participant who has similar scores on the same measure assessed at
other time points (31). Only participants with complete measurements from three time points
served as possible donors, and participants with missing data served as recipients. The score
obtained by the donor at that time point was imputed to the missing time point for the
recipient. Closest match was defined as all donors with less than 15% absolute differences
between the recipient’s scores and donor’s scores at all other time points for which data was
present, and with the same trend over time (better, worse, or unchanged). Priority was given
to absolute matches, and each outcome was analyzed and imputed separately. When more
than one possible donor was identified, the computer (SPSS version 22) selected the closest
match donor at random from the possible donors. Because baseline adherence data cannot be
measured, these values were not imputed. The presented results are from the imputed data
set. Use of imputed versus non-imputed values in the analysis did not cause a significant
difference in the results.

The primary analysis was conducted using SPSS version 22 on an intent-to-treat basis,
including all patients completing each measurement and imputed data. Descriptive statistics
were calculated, and between-group comparisons were evaluated with the Kruskal-Wallis test
for non-parametric data, with the Mann-Whitney U test for post-hoc, or with one-way
ANOVA for normally distributed parametric data. In binary outcomes, chi-square tests were
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used. Within-group differences at baseline, 6, 12, and 24 months were calculated using a
Friedman’s ANOVA with post-hoc Wilcoxon’s signed rank test. Correlations were calculated
using Spearman’s rho. To determine the proportion of responders in each group, we
performed sub-analyses of participants who had reached the predefined cut-off values as
described previously. Statistical significance was set at p<0.05 (with Bonferroni post-hoc
correction at 0.017). To aid comparability to previous and other publications in this field, all
outcomes are presented with both mean and median values, and data is also presented for
separate WAD grades.

Results
Disability and functioning
The between-group analysis indicated that both physiotherapist-led neck-specific exercise
groups reported greater reductions of neck disability and improved functioning (p<0.01) than
the PPA group at the 1-year follow-up. At 2 years, the NSEB group reported significant
reduction in neck disability compared with the PPA group (p≤0.02); however the NSE group
reported significant improvement in functioning compared with the PPA group (p=0.02)
(Table II). There was however no difference between the two physiotherapist-led groups. A
greater proportion of individuals in the two physiotherapist-led neck-specific groups than in
the PPA group experienced clinically relevant improvement in disability/functioning at 1 year
(p<0.01) and 2 years (disability p=0.01); however, the difference regarding functioning was
not statistically significant at 2 years (p=0.32) (Fig. 2).

The within-group results indicated that both neck-specific exercise groups (but not the PPA
group) improved over time (disability p= NSE 0.01, NSEB <0.001, PPA0.13, functioning p =

14

Long-term follow-up of exercise in chronic whiplash, Landén Ludvigssonet al.
NSE/NSEB <0.001, PPA 0.22). The improvements were gained in the first 6 months (16) and
were maintained over time (table III).

Table 2. Change score from baseline to 1 and 2 years (median(IQR)/mean(SD), with
between group significance level

NSE = neck-specific exercise group, NSEB = neck-specific exercise group with a behavioral approach, PPA =
prescription of physical activity group, NDI = Neck Disability Index, PSFS = Pain Specific Functional Scale,
VAS = Visual Analogue Scale, SES = Self-efficacy Scale

Pain
There were no significant between-group differences (p ≥ 0.15) regarding reduction in neck
pain or pain bothersomeness at the 1-year or 2-year follow-up (Table II). Although
significantly fewer participants in the two neck-specific groups reported taking analgesics for
neck pain (NSE 47%, NSEB 50%, PPA 69%, p=0.04) at 1 year, the difference was nonsignificant at 2 years (NSE 44%, NSEB 53%, PPA 61%, p=0.31). However greater
15
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proportions of individuals in the two physiotherapist-led neck-specific groups reported
clinically relevant improvements of pain/pain bothersomeness after 1 year, as indicated by
50% pain reduction (p≤0.02); but the difference was non-significant at 2 years (p≥0.11; Fig.
2).

The within-group results showed that current pain and pain bothersomeness improved
significantly over time in both neck-specific groups (p=NSE, NSEB ≤0.001). Pain
bothersomeness improved in the PPA group (p=0.02), although current pain did not (p=0.07).
The improvements were gained in the first 6 months (16) and maintained over time without
significant changes thereafter for either outcome (table III).

Self-Efficacy
There were no significant between-group differences regarding self-efficacy (p<0.17) at the
1-year or 2-year follow-up. The within-group results demonstrated improvement for the NSE
group only over time (p= NSE 0.02, NSEB 0.07, PPA 0.86), and there were no changes in
any of the groups after 6 months (p>0.12) (table III).

Adherence
At the 1-year follow-up, there was no between-group difference regarding self-reported
adherence to post-intervention prescribed exercise (p=0.23). Seventy-nine percent of the
patients in the NSE and PPA group and 69% of patients in the NSEB group reported some to
full adherence. At 2 years there was a significant difference (p=0.02): the PPA group reported
the highest percentage of some to full adherence to post-intervention exercise (NSE 69%,
NSEB 60%, PPA 74%).
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Table 3. Within-group results over time. Values are median (IQR)/ mean (SD) scores

NSE = neck-specific exercise group, NSEB = neck-specific exercise group with a behavioral approach, PPA =
prescription of physical activity group, NDI = Neck Disability Index, PSFS = Pain Specific Functional Scale,
VAS = Visual Analogue Scale, SES = Self-efficacy Scale.

Figure 2. Percentage of responders to treatment in the three intervention groups at the
1-year and 2-year follow-ups.
The proportion of responders with some to full adherence to post-intervention exercise that experienced a
clinical important difference in the Neck Disability Index (NDI, cut-off change 5/50), Patient Specific
Functional Scale (PSFS, cut-off change 2.3), Visual Analogue Scale-Bothersomeness (VAS-B, 50% reduction),
Current Pain Visual Analogue Scale (VAS-P, 50% reduction). NSE=neck-specific exercise, NSEB=neckspecific exercise with a behavioural approach, PPA= Prescription of Physical Activity. Significant betweengroup differences: *P=0.02, **P≤0.01.
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Discussion
The results of this study indicate that a substantial number of individuals with chronic WAD
(mean duration 20 months) can obtain long-lasting symptom reduction, particularly following
neck-specific exercise. The two neck-specific exercise groups reported greater improvements
regarding disability/functioning than the PPA group, which reported no improvement over
time. Pain botheresomeness was reduced in all three groups over time, but current pain was
only reduced in the NSE/NSEB groups, however there was no difference among mean group
results. However, regarding clinically important improvement, defined as the proportion of
participants reaching the MCID of the NDI, PSFS, or VAS, greater proportions of
participants in the two neck-specific groups displayed clinically important improvements
regarding pain, disability, and functioning at 1 year; the NSE group reported the greatest
proportion (up to 61%). At 2 years, the between-group difference was only significant
regarding disability, although the two neck-specific groups exhibited clear trends toward
greater proportions of participants with clinically important improvement in all outcomes
(40-59%), compared with the PPA group (12-33%). The lack of significance may be because
of the lower number of participants in this subanalysis after excluding non-adherent patients.
Neck-specific exercise did not produce any significant differences regarding any outcomes
when applied alone versus in combination with a behavioural approach.

Our findings are in contrast with those of Michaleff et al. (15), who observed similar
improvements for both treatment arms, whereas in our study the improvements seen in the
PPA group were generally smaller or non-existing. Stewart et al.observed only short-term
differences between groups (32). Possible reasons may be that Michaleff et al. included lower
WAD grades (1-2) and did not include patients with WAD grade 3. WAD grade 3 has been
associated with treatment success in neck-specific exercise (33). Disability improvements
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also tended to be greater among patients with WAD grade 3 in the neck-specific groups,
while there was a trend toward deterioration in the PPA group. The neck-specific exercise
regimes may also have differed somewhat, as Stewart et al. (32) did not specify whether or
not the endurance training was neck-specific. Although Michaleff et al. (15) reported
progressive training in neck flexion/extension, it is unclear whether this included resistance.
In our study, endurance training included head-resisted neck exercise, and apart from flexion
and extension, rotation and lateral flexion were also part of the programme.

Consistent with our findings, the PSFS is reportedly more sensitive to change than the NDI
(24). This difference in sensitivity might be because the chosen activities are based on what is
most important to each individual. Therefore, the results must be interpreted as changes of
functioning regarding meaningful individual activities for each participant. Even so, the PSFS
is suggested to be an appropriate measure for statistical comparisons between groups in
clinical research (34), and can also complement the NDI.

The proportion of participants that reported clinical improvement even after 2 years was high
among those who continued exercising to some degree, especially in the two neck-specific
groups. Whether this was because improvement led to greater motivation to continue
exercising, or continuous exercise postulated improvement is uncertain. However, whether or
not all participants were included in the analysis (regardless of adherence), the results were
the same, except for a tendency toward lower improvements and a significant between-group
difference favouring the two neck-specific groups regarding P-VAS in the complete set
analysis.
Even though the PPA group reported better adherence to their prescribed exercise activity
than the NSEB group at 2 years, the NSEB group still reported less disability. One reason
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might be that the behvioural approach included the discussion of strategies to handle
relapse/periods of worsening. This may also be a reason why the proportion of responders
tended to increase over time. It may also indicate that choice of exercise intervention is
important even after 2 years, even when continuous adherence is not optimal. This is in
accordance with findings by Ylinen et al., who reported that improvements achieved through
long-term training in chronic neck pain were maintained at a 3-year follow-up despite
faltering adherence (35).

There were no improvements or between-group differences in self-efficacy at the 1- or 2-year
follow-ups. There was a large variance that could not be explained by level of adherence.
Self-efficacy has previously been reported to increase with the completion of an exercise
program (36), however, there was no correlation between either baseline SES score or change
in SES score and adherence (Spearman’s rho -0.10,-0.11, p>0.23). One reason might be the
relatively high baseline level of self-efficacy in this study, indicating that self-efficacy was
not a major issue. This might be because participants were recruited mainly from primary
care, not pain clinics. Patients in pain clinics reportedly have higher levels of functional
impairment and psychosocial difficulties, but may thus not be as representative of individuals
in general who suffer from chronic pain (37).

Opinions differ regarding whether rating scales and larger scores from questionnaires should
be analyzed with non-parametric or parametric statistics. We also checked our results using
parametric statistics, and observed no significant differences from the non-parametric results
presented, in accordance with the policy of this journal.
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Study limitations
Forty-three percent of the participants were lost to follow-up at 2 years, possibly because the
clinical tests, in which they also participated for up to 1 year, ended, which may have reduced
their motivation to continue answering questionnaires. This scenario introduces possible bias
into the results. However, analysis indicated that the only difference between drop-outs and
completers was that drop-outs at 1 year were somewhat younger than completers, and dropouts at 2 years reported more baseline disability than completers. As reported previously, age
was not associated with outcome; however, in this study sample a higher NDI score at
baseline was associated with greater improvement regarding disability, but not pain (33).
Furthermore, the use of imputed versus non-imputed data in the analyses did not significantly
affect the results.

The closest match imputation method used in this study did not substitute values in cases in
which only baseline data was available. This approach resulted in some missing values, even
after imputation. However, closest match is reported to perform well even when missing data
is substantial, and is recommended over common methods such as last value carried forward,
which are reported to perform poorly (31). There was a small, but significant baseline
difference between randomization groups regarding gender and age; however, neither factor
was associated with outcomes in this study sample (33).

Although these results are very promising, and the study sample was representative regarding
age, gender, and level of pain compared with those who declined study participation (16),
they need to be repeated in another study population. It is also important for future studies to
identify predictors of who will benefit from what specific treatments. As seen in this study,
there were participants that exhibited clinically important improvement in all groups
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(including the PPA group, in which the mean disability rather tended to worsen slightly). In
conclusion, after 1 to 2 years, participants with chronic WAD grade 2 or 3 who were
randomized to neck-specific exercise (with or without a behavioural approach) remained
more improved than participants who were prescribed general physical activity. However due
to the loss to follow-up, the results need to be interpreted with some caution.
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