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ABSTRACT. Summary of Background Data. People with chronic
neck pain respond variably to exercise therapy. The likely success of ex-
ercise for chronic neck pain cannot be predicted.

Study Design. This prospective study tested the relationship between
patient characteristics assessed prior to intervention and response to an
exercise program for chronic neck pain.

Objectives. To investigate whether responders differed from non-re-
sponders with respect to presenting characteristics.

Method. Data were collected on 336 consecutive patients receiving
physiotherapy for chronic neck pain. Subject age, sex, duration of symp-
toms, compensation status, Neck Disability Index (NDI) item and total
scores, cervical spine range of movement, and isometric strength were
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assessed prior to treatment. Response to therapy was defined as a change
of 14/100 or more NDI points. Subjects received a progressive, concen-
tric/eccentric, strengthening program using computerized equipment
designed for cervical spine assessment and rehabilitation. Logistic re-
gression formulae for predicting outcome at the completion of the pro-
gram were developed on one sample (n = 122) data and tested on another
(n = 214).

Results. In the first sample, NDI scores and item responses predicted
response or non-response with approximately 70% accuracy. When
tested on the second sample, a prediction model using NDI item scores
predicted responders (positive predictive value 56%) and non-respond-
ers (negative predictive value 74%) with considerable loss of responder
prediction accuracy. Participants with low initial NDI scores (higher
functional ability) appeared to benefit less from the exercise program.

Conclusions. Functionally able patients may benefit less from exer-
cise for chronic neck pain than those with greater functional limitations.
[Article copies available for a fee from The Haworth Document Delivery Ser-
vice: 1-800-HAWORTH. E-mail address: <docdelivery@haworthpress.com>
Website: <http://www.HaworthPress.com>  2005 by The Haworth Press, Inc.
All rights reserved.]
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Chronic neck pain affects many people and may significantly disable
as many as 4.6% (95% CI, 3.3-5.8) (1). The ability of treating clinicians
to discriminate between effective and ineffective treatment is particu-
larly important in chronic musculo-skeletal conditions. The burden of
chronic disease is not well served by ineffective treatment. Identifying
those who are unlikely to respond to treatment should precede research
into treatment effectiveness. If participants of randomized controlled
trials include those with a low probability of response to the interven-
tion under investigation, the potential utility of the treatment for those
who might respond could be underestimated or overlooked. In addition,
there are ethical and social obligations to provide patients with interven-
tions that are both beneficial and cost-effective.

Although, anecdotally, clinicians consider that neck strengthening
exercise for people with chronic neck pain may be worthwhile, scien-
tific support for positive effects of such programs is limited. Verhagen
et al. (2) conducted a Cochrane review of conservative treatments for
whiplash and concluded that, although active interventions appear pref-
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erable to passive interventions, the specific effects of exercise were un-
clear. In 2001, Hoving et al. (3) conducted a systematic review to assess
concordance among reviews on conservative treatment of neck disor-
ders. They found consensus that exercise for neck pain was of unknown
benefit.

Participants in investigations of strengthening programs for chronic
neck pain have not benefited uniformly. Some participants appear to re-
spond well and others little or not at all. Stratford et al. (4) argued that
change in neck disability index (NDI) scores of 14/100 points or more
indicates change that is important to the patient, the therapist or both.
Using the results of three randomized controlled trials (RCTs) of exer-
cise for neck pain, we investigated how much change typically occurred
in NDI scores, and the percentage of trial participants who changed
their scores by at least 14 NDI points.

Bronfort et al. (5) conducted a RCT comparing neck exercise and spi-
nal manipulation for people with 12 or more weeks of neck pain. Pa-
tients were given either manipulation with strengthening exercises,
exercise delivered via a cervical spine extension and rotation machine,
or manipulation alone. They found no significant differences between
the effects of the three interventions on NDI scores. The following anal-
ysis was conducted using data for those who received exercise alone.
After 5 weeks of the program, the mean change score was 9.6 NDI
points. We estimated the correlation between initial and 5-week NDI
scores to be 0.67 using our clinical data and calculated the standard de-
viation of change scores (6). Based on these figures, as many as 70% of
subjects did not change by 14 or more NDI points. After 11 weeks of
treatment, the mean change score was 14.3 NDI points, indicating that
approximately 48% of participants may not have improved by an
important amount.

Ylinen et al. (7) studied people with at least 6 months of constant or
frequently-occurring neck pain. Participants were allocated to control,
endurance, or strength training. After an institution-based training pro-
gram, participants continued to perform home exercises for a year. At
12 months, the median improvement for control subjects who per-
formed general aerobic and stretching exercises was 3 NDI points (95%
CI 0-6). The median improvement was 8 NDI points (95% CI 6-11) for
the endurance training group and 9 (95% CI 7-11) for the strength train-
ing group. Both exercise groups improved significantly more than the
control group. The NDI change scores were not normally distributed so
the percentage of participants who changed by 14 NDI points could not
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be determined. It appears, however that at least 50% of the sample may
not have experienced important change in response to exercise.

Recently, Korthals-de Bos et al. (8) reported a RCT comparing spinal
mobilization, exercise, or general practitioner care for people with neck
pain for at least two weeks. Seventy percent of participants had neck
pain for less than 12 weeks. Differences between groups for changes in
NDI scores at 12 months were not significant. Converting the data re-
ported by Korthal-de Bos et al., to percentage NDI points, the mean
change for the exercise group was 12.6 NDI points (SD 16) indicating
that up to 53% (95% CI 43-63) of participants may not have achieved
important functional changes. In addition, when directly surveyed by
Korthal-de Bos et al., 47% of participants reported that they had not
made important change. These data consistently indicate that there are
some people with neck pain who do not appear to achieve functional
improvements in response to neck strengthening programs.

The unpredictability in response to therapy may be due to the varying
nature of injuries or to differences in the type or quality of treatment
that is provided. However, differential diagnosis of the cause of
chronic neck pain is not possible in the majority of cases. If neck pain
is the result of a range of conditions, it is not surprising that some peo-
ple might respond poorly to a particular intervention, while others do
well. Health care providers and their clients would be advantaged if
they could recognize those likely to benefit from an exercise regime be-
fore commencing that course of treatment. Currently, however, the pre-
senting characteristics that indicate the potential for people with chronic
neck pain to improve with an exercise program have not been identified.

This research aimed to examine the response to an individually tai-
lored exercise program for chronic neck pain in a population of consec-
utive patients seeking treatment at a physiotherapy clinic. The specific
research objectives were to identify the proportion of patients who
changed by at least 14 NDI points, determine whether patients who re-
sponded and who did not respond to exercise differed with respect to
presenting characteristics, and develop equations for predicting the
likelihood of response to therapy for individual patients.

METHODS

The La Trobe University Human Ethics Committee approved the
study design.
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From 1998 to 2002, as part of their usual management of patients
seeking treatment for chronic neck pain, physiotherapists at an Austra-
lian clinic collected pre-intervention data on characteristics of people
presenting for treatment of neck pain. All patients received a tailored
exercise program designed to challenge and improve neck strength ex-
cept those with sinister pathology, radiological anomalies of the cervi-
cal or thoracic spine, or those suffering from migraine. Occasionally,
and unpredictably, a patient was aggravated by the initial assessment
procedures and experienced discomfort that did not settle within 48
hours. Exercise therapy was not encouraged for these patients because
of the risk of aggravating symptoms. Outcomes to treatment were
recorded at discharge.

Available data were divided into two samples. Sample 1 data were
used to examine the relationship between presenting characteristics and
response to therapy and to develop predictive equations. Sample 2 data
were used to test the models developed on Sample 1.

Participants. Sample 1 was derived from 218 consecutive patients
who were eligible for inclusion in the exercise program and who con-
sented to the use of their de-identified data for research purposes. Of
these, 122 started treatment. Reasons for not commencing treatment
during these time frames were mostly personal (n = 61). In a few cases a
patient did not meet the inclusion criteria or was aggravated by the as-
sessment, moved, or commenced treatment in another state of Australia,
preferred to wait on completion of legal proceedings, or was advised
against the program by a doctor or third party. Sample 2 was derived
from the next 309 consecutive patients presenting for treatment. Two
hundred fourteen started treatment programs. Reasons for not com-
mencing treatment were very similar to those reported for Sample 1.

Initial assessment. Prior to commencing the exercise program, all
participants were assessed for history and duration of complaint, age,
gender, and compensation status. Participants completed the Neck Dis-
ability Index (9). The Hanoun Multi-Cervical Unit (MCU, Hanoun
Medical Inc., Toronto, Canada and Denver, Colorado) was used to mea-
sure range of motion (ROM) of cervical spine flexion, extension, left
and right lateral flexion and left and right rotation.

To measure range of motion, participants were allowed familiariza-
tion trials until ROM was consistently produced and they reported being
comfortable with the test procedures. Three consecutive test move-
ments were then performed and averaged to provide a score for each
movement.
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The MCU does not permit assessment of rotation strength. Isometric
strength of flexors, extensors, and lateral flexors was measured with the
head in neutral and with the head rotated to 25 and then 45 degrees to the
left and to the right. To measure strength, each participant was allowed
3-4 trials of graduated isometric effort and a final trial at maximum ef-
fort. Following this, 3 maximal isometric contractions were measured
for flexion, extension, and lateral flexion. Each test was of 3-seconds
duration and a 10-second rest occurred between tests. All patients re-
ceived a standardized instruction to ‘push as hard and as fast as you can’
before each of the three test trials. The 3 maximal contraction trials were
averaged to provide a single isometric strength measure (lbs) for each
movement direction.

ROM values were compared to the values published by the AMA
(10). Strength values were compared to isometric strength measure-
ments of 100 healthy subjects (11).

Treatment. The exercise program was designed to challenge weak
movements and achieve strength scores comparable to those reported
for unimpaired subjects. Initial resistance to targeted movements was
provided at 25-40% of the maximum isometric score achieved during
testing. Participants attended 2-3 times per week for a 30 minute, super-
vised exercise program. At each session, they performed 3 sets of 10
repetitions for each of 6-8 exercises.

Resistance to exercise was progressed in response to participant per-
ception of the effort required to repeat an exercise. At each session, par-
ticipants rated perceived effort on a 9-point visual analogue scale during
the first three repetitions of each movement. A score of 1 indicated that
no effort was required, while a score of 9 indicated that the required ef-
fort was unacceptable. If the effort rating was 1-3, the resistance was
progressed by 1lb. A rating of 4-6 incurred an increment of half a
pound. The resistance was not altered for a rating of 7-8 and was
lowered by half a pound for a rating of 9.

Participants were assessed for strength, range of movement, and NDI
scores after every 9 sessions and were encouraged to continue the pro-
gram until strength targets had been achieved.

Predictor variables. Variables examined for predictive utility were
participant age, sex, duration of symptoms, compensation status, initial
NDI scores, individual NDI item scores, and cervical spine range of
movement and strength measurements.

Outcome. At discharge, participants were classified as responders if
their NDI scores had changed by 14 points or more, and as non-respond-
ers if they changed by less than 14 points.
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Data analysis. Bivariate logistic regression analysis was applied to
determine variables that were significant predictors of response to exer-
cise. Those variables that were significantly related to outcome were
then entered into a multivariate logistic regression analysis. Logistic re-
gression analysis assumes that predictor variables are measured on in-
terval, ratio, or dichotomous scales (12). Individual items of the NDI are
measured on an ordinal scale. Individual item scores were dichotomized
at all possible cut points on the six-point scale, creating five new vari-
ables for each original item. Initial NDI scores were investigated as
potential predictors both in continuous and dichotomized form. The
process of dichotomizing NDI item and total scores resulted in multiple
variables for each original variable. When more than one dichotomized
variable belonging to a single raw score was a significant predictor, the
variable with the highest overall classification accuracy was entered
into multiple logistic regression.

The Wald statistic was used to determine significance of a predictor
variable in a logistic regression analysis. Predictor variables were re-
tained in a regression model only when the Wald statistic of each was
significant with 95% confidence.

RESULTS

Sample 1 and 2 characteristics are summarized in Table 1.
Complete data sets were available for 97 subjects (79%) in Sample 1.

Of these, 54 (55.6%) were classified as responders and 43 (44.3%) as
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TABLE 1. Sample 1 and 2 characteristics

Sample 1 Sample 2

n = 122 (female, 65%) 214 (female, 67%)

Age years (�, SD) 41.3 yrs (12.4) 40.5 yrs (12.4)

Private 71% 65%

Compensable 29% 35%

Mmonths of symptoms* 36 (13-98) 60 (22-132)

NDI scores (0-100)* 34 (24-46) 36 (26-52)

Program length (wks)* 6 (6-9) 8 (6-12)

Complete data sets 79% 90%

*median and inter-quartile range



non-responders. After intervention, responders improved (decreased)
their NDI scores by a median of 22 (IQ 18-30), non-responders im-
proved by a median of 6 (IQ 0-8).

Bivariate analysis. Age, sex, duration of symptoms or compensation
status did not predict response to exercise. The initial NDI score was a
significant predictor in continuous and dichotomous forms. The dichot-
omy at 30 points (0-29, 30-100) had the highest overall classification
accuracy. Seven of the ten NDI items were significant predictors of re-
sponse. These were lifting (dichotomized at 0-2, 3-5), reading (0-1,
2-5), concentration (0-1, 2-5), work (0, 1-5), driving (0-2, 3-5), sleeping
(0-1, 2-5) and recreation (0-1, 2-5). For all NDI items, the higher the
score (the higher the disability) the greater the probability of response.
Of all strength and range of movement measurements, only extension
strength in 45 degrees rotation was a significant predictor. For this vari-
able, lower values corresponded with higher probabilities of response.

Table 2 provides a summary of significant models and their predic-
tion accuracy. In the first column is the predictor variable. The second
column shows the odds of responding to the program. The fifth column
reports the accuracy in predicting response or non-response based on
higher values for the predictor variable. For example, participants with
lifting scores of 3 or more (indicating some difficulty associated with
lifting) were 3.57 more likely to respond than participants with lifting
scores of 0, 1 or 2. When this predictor was used to allocate a person to
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TABLE 2. Bivariate logistic regression analysis summaries

Variable OR* 95% CI* Classification
Accuracy (%)*

Lifting (0-1, 2-5) 3.57 1.53-8.32 66

Reading (0-1, 2-5) 3.58 1.49-8.61 66

Concentration (0-1, 2-5) 3.78 1.52-9.37 63

Work (0, 1-5) 2.72 1.05-7.06 62

Driving (0-2, 3-5) 3.35 1.31-8.59 60

Sleeping (0-1, 2-5) 2.65 1.16-6.05 62

Recreation (0-1, 2-5) 2.56 1.04-6.29 62

Initial NDI score 1.05 1.02-1.08 69

NDI dichotomized at 30 (0-29, 30-100) 5.56 2.23-13.85 70

Extension strength in 45° rotation 0.86 0.71-0.95 71

*OR = Odds ratio, 95% CI = 95% confidence interval of the odds ratio, Classification Accuracy (%) = the
overall classification accuracy of the bivariate regression model



the category of responder or non-responder, the prediction was correct
in 66% of cases.

Multivariate analysis. In multivariate analysis the model with the
highest classification accuracy contained the two NDI items lifting
(dichotomized at 0-1, 2-5) and reading (dichotomized at 0-1, 2-5). Odds
ratios, confidence intervals, and overall classification accuracy for this
model are shown in Table 3.

Comparisons of the overall classification accuracy between the multi-
variate model shown in Table 3 and the three best bivariate models (ini-
tial NDI score, initial NDI score dichotomised at 30, and extension
strength in 45° rotation) had approximately equal accuracy. A summary
of the resultant positive and negative predictive values for each model is
presented in Table 4. This shows, for example, that an initial NDI score
of 30% or more correctly classified 69.8% of responders and an NDI
score of less than 30% correctly classified 70.6% of non-responders.

Testing the regression models on an independent sample. Complete
data sets were available for 192 (90%) of Sample 2 patients who com-
menced the exercise program. Two outliers with exceptionally long
treatment durations (beyond the 99th percentile) were removed from
the analysis, leaving 190 subjects for testing the models. The only sig-
nificant difference between the two samples was the duration of symp-
toms. Sample 2 participants had considerably longer history of neck pain,
but outcomes of analysis were comparable when testing was repeated
for the subgroup of Sample 2 with duration of symptoms matching
those for Sample 1.
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TABLE 3. Multivariate logistic regression summary

Variable OR 95% CI Class. Acc. (%)

NDI Lifting (0-1, 2-5) 2.77 1.14-6.73 67

NDI Reading (0-1, 2-5) 2.70 1.07-6.81

TABLE 4. Positive and negative predictive values for four regression models

Model �ve predictive values(%) � ve predictive values(%)

NDI initial score 70 68

NDI dichotomized at 30 70 71

Extension strength in 45° rotation 73 67

Lifting (0-1, 2-5)  and Reading (0-1, 2-5) 64 74



Sample 1 data indicated that approximately 56% of people appeared
to respond to the program. Our models indicated that we might be able
to predict between 64 and 73% of those who would respond. Similarly,
Sample 1 data indicated that approximately 44% of people did not ap-
pear to respond to the program, and our models indicated that we might
be able to predict between 67 and 74% of those who would not respond.

However, when we tested the models on a new sample, we found
positive predictive values that ranged from 54-57%. These improved
little or not at all on chance.

Our negative predictive models performed somewhat better, ranging
from 62% (95% CI 49-72)-74% (95% CI 58-85) (Table 5).

DISCUSSION

This is the first study of which we are aware that has tested the utility
of initial assessment characteristics in chronic neck pain patients for
their utility in predicting response to an exercise program. Participants
in this study had neck pain of 36 (Sample 1) and 57 (Sample 2) months
average duration. Approximately half of each sample changed their
NDI scores by more than 14 points (55.6% and 49.7% for Samples 1
and 2, respectively). Changes occurred in a relatively short period of
time. The median treatment duration was 6 (IQ range 6-9) and 8 (6-12)
weeks for Samples 1 and 2, respectively. Given the chronicity of the
complaint, this is a promising proportion of patients. However, the pro-
gram appeared to have little effect for approximately half of the partic-
ipants. The characteristics that we are currently measuring do not
provide us with adequate information to accurately predict the likeli-
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TABLE 5. Summary statistics of classification accuracy for each of the four
regression models in both samples

Model �ve predictive values%* �ve predictive values% Overall accuracy %

Sample 1 2 1 2 1 2

NDI initial 70 55 68 62 69 57

NDI 30 70 55 71 65 70 58

Extension 45° rot. 73 54 67 65 71 55

Lifting (>1) and

Reading (>1) 64 56 74 74 67 59

*�ve prediction: people who will respond to exercise



hood of an individual with chronic neck pain responding to this pro-
gram. This has important implications for the design of RCTs intended
to determine the efficacy of exercise for individuals with chronic neck
pain. Although substantial effects appear possible for large numbers of
participants, effects will be diluted by a similar number of participants
who may not derive benefit from exercise. We are unable to predict who
will, and only weakly able to predict who will not, respond to exercise.
Our RCTs may show us an average benefit of exercise, but will not ad-
vance our ability to identify those people who might benefit from exer-
cise programs. The data observed in this study may account for the
frustration anecdotally reported by clinicians when provided with guide-
lines based on the results of RCTs. At times, recommendations are made
that a particular therapy is of little value, when clinicians see substantial
responses in some individuals.

This study identified that items assessed using the NDI may have
utility if incorporated into more sophisticated predictive models. For
example, participants who indicated that they were able to lift and read
with little discomfort appeared to benefit less from the program than
people who were less comfortable with these activities. It is feasible that
people who are already able to undertake challenging physical activities
in their daily lives, without discomfort, may dominate the subgroup of
people with a low likelihood of response to the physical challenge of an
exercise program.

The data analyzed in this report were collected during the course of
usual clinical care. We are now in an era where we have the technology
to record and sort large volumes of measurements obtained during rou-
tine clinical practice. Useful analysis of this data becomes possible
when a standardized approach to patient assessment is implemented. If
clinicians agree on a minimal important data set that should be recorded
for each patient entering a physical therapy program, data pooling and
analysis could be part of usual care. There is considerable work to be
undertaken in defining the items that might be productively included in
a minimal important assessment and outcome data set for people pre-
senting for treatment of chronic neck pain. Items identified as predictors
of non-recovery following whiplash injury (13) might be considered in
future studies. Hoving et al. (14) also identified a number of factors that
are not measured by the NDI that may indicate response to exercise.

The predictive accuracy of our models diminished when tested on an
independent sample. The majority of published studies of predictors of
outcomes have not tested the utility of models on an independent sam-
ple. Our work indicates the important role of confirmatory studies
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before the utility of predictors of outcomes can be endorsed by the sci-
entific community.

KEY POINTS

• Approximately half of two samples of chronic neck pain partici-
pants in a strengthening program responded by a change in 14 NDI
points.

• In the first sample, a prediction formula based on NDI scores and
item responses predicted response or non-response with approxi-
mately 70% accuracy.

• When tested on the second sample, the same model predicted re-
sponders (positive predictive value 56%) and non-responders (neg-
ative predictive value 74%) with considerable loss of responder
prediction accuracy.

• Being able to predict who is likely and unlikely to respond to a
given therapeutic intervention has important practical implications
for research design and clinical care.

• The prediction models derived in this study could be enhanced by
the testing of additional predictor variables.

• The collection of data suitable for the testing and formulation of
predictor models can occur in routine clinical care settings.
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