Downloaded from www.jospt.org at Lucia Campus Library on April 19, 2016. For personal use only. No other uses without permission.
Copyright © 2015 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

| RESEARCH REPORT |]

CARRIE RITCHIE, PhD! « JOAN HENDRIKZ, PGradStats? ¢ GWENDOLEN JULL, PhD3

JAMES ELLIOTT, PhD* e MICHELE STERLING, PhD!

External Validation of a
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Following Acute Whiplash Injury

© STUDY DESIGN: Retrospective secondary
analysis of data.

© OBJECTIVES: To investigate the external valid-
ity of the whiplash clinical prediction rule (CPR).

© BACKGROUND: We recently derived a whiplash
CPR to consolidate previously established prog-
nostic factors for poor recovery from a whiplash in-
jury and predicted 2 recovery pathways. Prognostic
factors for full recovery were being less than 35
years of age and having an initial Neck Disability
Index (NDI) score of 32% or less. Prognostic fac-
tors for ongoing moderate/severe pain and disabil-
ity were being 35 years of age or older, having an
initial NDI score of 40% or more, and the presence
of hyperarousal symptoms. Validation is required
to confirm the reproducibility and accuracy of this
CPR. Clinician feedback on the usefulness of the
CPR is also important to gauge acceptability.

© METHODS: A secondary analysis of data from
101 individuals with acute whiplash-associated
disorder who had previously participated in either
a randomized controlled clinical trial or prospec-
tive cohort study was performed using accuracy
statistics. Full recovery was defined as NDI score at
6 months of 10% or less, and ongoing moderate/

severe pain and disability were defined as an NDI
score at 6 months of 30% or greater. In addition, a
small sample of physical therapists completed an
anonymous survey on the clinical acceptability and
usability of the tool.

© RESULTS: The positive predictive value of ongo-
ing moderate/severe pain and disability was 90.9%
in the validation cohort, and the positive predictive
value of full recovery was 80.0%. Surveyed physi-
cal therapists reported that the whiplash CPR was
simple, understandable, would be easy to use, and
was an acceptable prognostic tool.

© CONCLUSION: External validation of the
whiplash CPR confirmed the reproducibility and
accuracy of this dual-pathway tool for individuals
with acute whiplash-associated disorder. Further
research is needed to assess prospective valida-
tion, the impact of inclusion on practice, and to
examine the efficacy of linking treatment strategies
with predicted prognosis.

@ LEVEL OF EVIDENCE: Prognosis, level 1b.
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© KEY WORDS: Neck Disability Index, prediction,
prognosis, whiplash-associated disorder

nderstanding  recovery

pathways and optimal

treatment for individuals

with whiplash-associated
disorder (WAD) continues to be
a challenge. Over the past few
decades, recovery rates have remained
unchanged, with approximately 50%
of individuals continuing to experience
ongoing pain and disability at 6 months
postinjury.'**? Given the personal and so-
cietal burden associated with this long-
term disability, research has focused on
early identification of individuals at risk
of ongoing symptoms to help understand
recovery pathways and subsequently
develop more targeted treatments.*?
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We recently derived a whiplash clinical
prediction rule (CPR) that consolidated
previously identified prognostic factors
for poor recovery following whiplash in-
jury to predict 2 recovery pathways: full
recovery and ongoing moderate/severe
pain and disability (FIGURE).2S

Prognostic CPRs quantify the contri-
butions of relevant prognostic factors to
calculate a numeric predicted probability
of the outcome of interest.*® Clinical pre-
diction rules are developed using rigor-
ous methodological standards and have
the potential to help clinicians make
decisions regarding prognosis and re-
searchers develop targeted therapies.'>*
Methodological standards exist for each
step in the development of a CPR: deriva-
tion, validation, and impact analysis.»92°
While the derivation of a CPR provides
information about potentially important
prognostic factors, the validation process
ensures that associations between given
predictors and outcomes are not primar-
ily due to chance and are not unique to
the derivation population.’* Without
validation, the decision to incorporate
CPRs into clinical practice is potentially
premature.>?® Many statistically derived
CPRs are not validated, and those that are
validated often fail to perform adequately
when tested in a new population.>129

The process for the derivation of the
dual-pathway whiplash CPR followed
methodological recommendations.?6 The
positive predictive value (PPV) for ongo-
ing moderate/severe pain and disability
was 71% in patients who were 35 years
or older, reported initially higher levels
of neck disability (Neck Disability In-
dex [NDI] score of 40% or greater), and
reported hyperarousal symptoms of 6
or greater on the hyperarousal subscale
of the Posttraumatic Stress Diagnostic
Scale (PDS), a substantial increase from
the estimated 25% indicated in previous
research.?5%728 In addition, meeting the
simple criteria of an NDI score of 32%
or lower and an age of less than 35 years
in the acute phase provided an estimated
probability of full recovery of 71%, an in-
crease from 50% indicated in previous

research.>'**” To ensure that the CPR is
accurate and reproducible, the next step
in the development of the whiplash CPR
is external validation.'*2>%2?
Methodological standards for the
validation of a CPR include the use of a
series of studies across varied environ-
ments.''%? Initial external validation
includes application of the CPR to a new
patient population. Subsequent validation
studies may include prospective applica-
tion in new clinical settings by clinicians
different from those involved in the deri-
vation study.**® Evaluation of the CPR’s
clinical usefulness and acceptability is
also important.7*> The primary aim of
the present study was to investigate the
external validity of the whiplash CPR. The
secondary aim was to gather preliminary
feedback from clinicians about the ac-
ceptability and usability of the tool.

METHODS

SECONDARY ANALYSIS OF DATA
Afrom 2 cohorts independent of the

derivation cohort was performed
to investigate the external validity of the
recently developed dual-pathway whip-
lash CPR (FIGURE).2¢ Both cohorts were
recruited in Brisbane, Australia, ethical
approval was gained from the University
of Queensland Medical Research Ethics
Committee, and all participants provided
signed informed consent.?*

Participants With WAD

Information regarding inclusion and ex-
clusion criteria and procedures for the 2
primary cohort studies have been pub-
lished previously.”** All participants for
the primary cohort studies were recruit-
ed from accident and emergency depart-
ments, through referral by primary care
practitioners (eg, general practitioners
and physical therapists), and through
advertising in the popular press. Volun-
teers for the primary cohort studies were
eligible if they were between 18 and 65
years of age and had acute neck pain (less
than 4 weeks in duration) as a result of a
motor vehicle collision that was classifi-

able as WAD grade II. Volunteers were
ineligible if their neck pain was not re-
lated to a motor vehicle collision or was
classifiable as WAD grades I, I11, or IV; if
there was a previous history of whiplash
or other neck pain for which treatment
had been sought; or if they lacked fluency
in spoken and written English for ques-
tionnaire completion.

Cohort 1 was from a prospective lon-
gitudinal study that examined prognos-
tic factors for poor functional recovery
following a whiplash injury.” The de-
sign of the study adhered to STROBE
criteria for cohort studies.’* Cohort 2
comprised participants from the con-
trol intervention (usual care) of a ran-
domized controlled clinical trial.'* The
trial was registered with the Australian
New Zealand Clinical Trials Registry
(ACTRN12605000109606). The ran-
domized controlled clinical trial evalu-
ated the effectiveness of individualized
multiprofessional management (medi-
cal, physiotherapeutic, psychological)
compared with usual care. Although the
pragmatic multidisciplinary interven-
tions tested in this trial produced no
advantage over usual care, to avoid the
potential influence of targeted therapy,
only the participants receiving usual care
(control group) were included within the
current validation study.

Whiplash CPR

The whiplash CPR predicts 2 recovery
pathways following an acute whiplash
injury: ongoing moderate/severe pain
and disability were predicted in the pres-
ence of baseline NDI scores of 40% or
greater, age of 35 years or older, and a
hyperarousal subscale symptom score
on the PDS of 6 or greater. Full recovery
was predicted in individuals less than 35
years of age with a baseline NDI score of
32% or less.?

The method used for the derivation
of the whiplash CPR has been explained
previously.?s Briefly, the NDI was the
dependent variable. The NDI is a valid,
reliable, and responsive measure.’® An
overall score (out of 100) is calculated by

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY

VOLUME 45 | NUMBER 4 | APRIL 2015 | 243



Downloaded from www.jospt.org at Lucia Campus Library on April 19, 2016. For personal use only. No other uses without permission.
Copyright © 2015 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

| RESEARCH REPORT ]

NDI
33%-39%
>«
Predicted full Hyperarousal
recovery subscale (PDS)
Predicted ongoing
moderate/severe
disability
v
Neither predicted full recovery nor
predicted ongoing moderate/
severe disability
|
FIGURE. Whiplash clinical prediction rule® to predict both ongoing moderate/severe disability and full recovery
following an acute whiplash injury. Reprinted with permission from Ritchie et al.? Copyright ©2013 Elsevier.
Abbreviations: NDI, Neck Disability Index; PDS, Posttraumatic Stress Diagnostic Scale.

totaling responses to 10 questions, each
with 6 potential Likert-type responses
(0 is no disability and 5 is total disabil-
ity), and multiplying the sum by 2 to
yield a percentage. Previous research has
suggested that an NDI score of 30% or
greater is indicative of moderate to severe
levels of pain-related disability and that
an NDI score of 10% or less indicates full
recovery.’*?® In the present study, these
criteria were used with the NDI mea-
sured at 6 months to classify participants
as experiencing ongoing moderate/severe
pain and disability (NDI, 30% or great-
er), continued mild to moderate pain and
disability (NDI, 11%-29%), or fully recov-
ered (NDI, 10% or less).

The derivation of the whiplash CPR
included analysis of 8 biopsychosocial

variables shown in previous research to be
predictive of recovery following a whip-
lash injury: initial NDI, age, cold pain
threshold, initial neck pain (visual analog
scale [VAS]), neck range of movement,
posttraumatic stress symptoms, sex, and
presence of headache.’>*72%22 Predictor
variables were measured at baseline.?*
Briefly, measurement methods were
age measured in years, cold pain thresh-
olds measured over the mid cervical
spine using the THERMOTEST system
(Somedic Production AB, Sollentuna,
Sweden),?® neck pain measured using an
11-point VAS with anchors of 0 (no pain)
and 10 (worst pain imaginable), and
range of movement calculated as total
neck rotation (the sum of left and right
neck rotation, flexion, and extension)

from measurements using an electro-
magnetic motion-tracking device (FAS-
TRAK; Polhemus Inc, Colchester, VT).
Sex failed to meet statistical significance
within the derivation study, and presence
of headache was measured differently
in the validation cohorts, hence both of
these variables were omitted from the
present study.

Posttraumatic stress symptoms were
measured using the valid and reliable 49-
item PDS.® Following a standard multiple
regression, only the hyperarousal sub-
scale of the PDS (5 items) was found to
be significantly predictive and hence was
the only subscale included in the deriva-
tion analyses and, subsequently, in the
present study. The hyperarousal subscale
includes questions about trouble sleep-
ing, irritability, difficulties concentrat-
ing, being overly alert, and being easily
startled. Frequency of symptoms is as-
sessed for each question using a Likert-
type format, with options ranging from 0
(not at all or only 1 time) to 3 (5 or more
times a week/almost always), resulting in
a subscale score of 0 to 15.

Preliminary Feedback:

Clinician Acceptability

Practitioners who might decide to use
this tool in the future were asked to give
preliminary feedback about its clinical
acceptability and usefulness. Although
not totally representative of clinicians
who might treat individuals with an
acute whiplash injury, a few groups were
selected that represented clinicians who
had and had not been involved in clini-
cal research trials involving whiplash
injuries. These groups included physical
therapists practicing in Queensland, Aus-
tralia who were titled “musculoskeletal
physiotherapists” by the Australian Phys-
iotherapy Association and whose contact
e-mail details were available to the pub-
lic (n = 74); chiropractors registered with
the Chiropractors’ Association of Austra-
lia practicing in Queensland, Australia
whose contact details were available to
the public (n = 61); and physical thera-
pists identified as experts in the area of
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whiplash research from Perth and Mel-
bourne, Australia, and Canada (n = 10).

A written format of the whiplash CPR
with instructions for use and an anony-
mous survey were sent via e-mail. The
survey collected background informa-
tion on number of patients with whiplash
seen each month and included Likert-
type questions about the acceptability
and usability of the whiplash CPR. Open-
ended questions collected information on
preferred mode of delivery, benefits and
disadvantages of the whiplash CPR, and
potential difficulties in using this type of
tool. A reminder e-mail was sent 10 days
after the initial request.

It was understood that interpretation
of feedback would be limited because
clinicians had not yet used the tool with
patients. Despite this, we felt it important
to seek some feedback before embarking
on the next stage of CPR development,
which was prospective evaluation fol-
lowed by evaluation of impact on practice.
If there were concerns about the content,
acceptability, and/or usability, changes
to the tool would be needed. Ethical ap-
proval was granted by the University of
Queensland Medical Research Ethics
Committee (number 2013000671).

Data Analysis
The predictive ability of the whiplash CPR
to identify those likely to fully recover
and those likely to experience ongoing
moderate/severe pain and disability was
assessed using accuracy statistics for the
positive case (specificity, sensitivity, likeli-
hood ratios [LRs], PPV) with 95% confi-
dence intervals (CIs). Validation accuracy
for identification purposes was assessed
using revised estimates of the probability
(PPV) of participants from the validation
cohort who were likely to experience on-
going moderate/severe pain and disability
or likely to fully recover, using the CPR.2¢
The Hosmer-Lemeshow statistic was used
to evaluate the appropriateness of the
whiplash CPR models, in which a non-
significant test indicates good model fit.°
Several analyses were also performed
to compare the validation study popula-

TABLE 1

ACCURACY STATISTICS FOR ONGOING MODERATE/

SEVERE PAIN AND DISABILITY FOR THE
VALIDATION AND DERIVATION POPULATIONS*

Validation Population

Derivation Population

Sensitivity 435(229,651) 435(318,549)
Specificity 98.7(92.9,999) 93.8 (891, 96.6)
Positive likelihood ratio 339 (4.6,251.2) 70(3.8,129)
Negative likelihood ratio 06(04,0.8) 06(0.5,07)
Positive predictive value 909 (58.7,98.5) 714 (551, 83.8)

*Values in parentheses are 95% confidence interval.

TABLE 2

ACCURACY STATISTICS FOR THE
LikELIHOOD OF FuLL RECOVERY FOR THE
VALIDATION AND DERIVATION POPULATIONS*

Validation Population

Derivation Population

Sensitivity 549 (40.5, 68.6) 453 (351, 54.4)
Specificity 86.0 (72.6,937) 84.5(773,89.8)
Positive likelihood ratio 39(19 81) 29 (19 45)
Negative likelihood ratio 05(04,07) 0.6(0.5,0.8)
Positive predictive value 80.0 (62.5,91.7) 707 (589, 80.3)

*Values in parentheses are 95% confidence interval.

tion with the derivation study population.
First, ¢ tests and chi-square analyses for
independent samples were performed to
identify any statistically significant dif-
ferences in terms of 6 of the 8 possible
predictor variables investigated for the
CPR in the derivation study (eg, initial
NDI, neck pain VAS, age, range of move-
ment, cold pain threshold, hyperarousal).
An additional chi-square analysis was
performed to determine whether pos-
sible differences in recovery rates existed
between the 2 study populations: spe-
cifically, differences in the proportion
of participants who were classified at 6
months as being fully recovered (NDI,
10% or less), continuing to experience
mild to moderate levels of disability
(NDI, 11%-29%), and having ongoing
moderate/severe disability (NDI, 30% or
greater).

Second, ¢ tests and chi-square anal-
yses for independent samples were

conducted to investigate potential differ-
ences between the 2 cohorts within the
validation populations, with regard to
both the whiplash CPR variables as well
as additional baseline and background
variables. Chi-square analysis was also
performed to examine the possible dif-
ferences in recovery rates between the 2
cohorts.

Finally, a descriptive analysis was used
to summarize feedback from the accept-
ability survey.

Sample Size

If intervals based on a 95% confidence
level were constructed from at least 71
samples drawn from a population with a
PPV proportion of 55%, where the dis-
tance from 55% to the lower limit was
10.5%, then 95% of these intervals would
contain the actual population proportion.
The calculations were based on PPV per-
cent statistics reported for the whiplash
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COMPARISONS BETWEEN PARTICIPANTS IN THE

TABLE 3
VALIDATION AND DERIVATION STUDIES
Validation Participants Derivation Participants
Factor (n=101)* (n=262)* P Value
Initial NDI (0-100) 315+185 329175 A75
Age,y 342 +107 371 +142 034
PDS hyperarousal subscale (0-15) 43+39 48 +38 271
Neck range of motion, deg! 1912 + 535 2014 + 634 169
Initial visual analog scale for pain (0-10) 35+21 42 +21 005
Cold pain threshold, °C 13277 144 +77 274

*Values are mean = SD.

Abbreviations: NDI, Neck Disability Index; PDS, Posttraumatic Stress Diagnostic Scale.

TSum of left and right neck rotation, flexion, and extension.

PARTICIPANTS CLASSIFIED BY RECOVERY CATEGORY

LB 2 AT 6 MoNTHS FOR EacH STUDY PoPULATION®
Validation Participants  Derivation Participants
(n=101) (n=262)
Fully recovered (NDI, <10%) 51(50) 120 (46)
Continued mild to moderate pain and disability (NDI, 11%-29%) 27 (27) 73 (28)
Ongoing moderate/severe pain and disability (NDI, 230%) 23(23) 69 (26)

Abbreviation: NDI, Neck Disability Index.
*Values are n (%).

CPR derived by Ritchie et al,?® where PPV
was estimated to range from 55% (the
lowest reported 95% confidence value
for a PPV) and the smallest reported dis-
tance of 10.5% to a lower 95% confidence
limit. The calculation allows for the worst
PPV outcome with high expectations of
accuracy. If the PPV were greater than
55% or accuracy less stringent, then a
smaller sample size would suffice. Thus,
101 participants available for the current
study met this requirement.

RESULTS

ATA WERE ANALYZED FROM 101 IN-
D dividuals involved in 2 independent
cohort studies. Six-month data ap-
plicable to the validation of the whiplash
CPR were available for 95% (n = 53) of

cohort 1 participants and for 92% (n =
48) of cohort 2 participants.™*

Whiplash CPR External Validation

The PPV for the pathway of ongoing
moderate/severe pain and disability for
the validation population was 90.9%,
which is greater than the derivation PPV
of 71.4%2¢ (TABLE 1). The Hosmer-Leme-
show test resulted in a P value of .649 (y*
= 5.980, df = 8), indicating support for
the model. The very high specificity in-
dicates that almost all of those who did
not have moderate/severe disability at 6
months did not meet the 3-factor crite-
ria. As aresult, an individual who met the
3-factor criteria was likely to experience
ongoing moderate/severe pain and dis-
ability. However, the lower sensitivity in-
dicates that some of the individuals who
had ongoing moderate/severe pain and
disability did not meet the criteria. The
positive LR of 33.9 indicates a very large
shift in probability'?; however, the large
CI indicates a lower degree of precision.

The PPV for the fully recovered path-
way with the validation population was
80.0%, slightly better than the PPV for
the derivation cohort (70.7%)%*¢ (TABLE
2). The Hosmer-Lemeshow test resulted
in a P value of .081 (y* = 14.042, df = 8),
indicating support for the model. The
very high specificity indicates that most
of those who had some disability did not
meet the 2-factor criteria. As a result, an
individual who met these criteria was
likely to recover. The moderate sensitiv-
ity, however, indicates that some indi-
viduals who did not meet the criteria had
varied recovery pathways, including full
recovery. A positive LR between 2 and 5
represents a small but sometimes mean-
ingful shift in probability."

Validation and Derivation Populations
The results of independent ¢ tests showed
that the derivation and validation popula-
tions differed significantly at baseline in
terms of age and initial pain levels as as-
sessed with a VAS (TABLE 3). However, eta-
squared showed that the magnitudes of the
differences in the means for both age and
initial VAS were small and therefore un-
likely to be clinically significant. Chi-square
analysis showed no difference between the
proportion of women in the derivation (n =
169/262) and the validation populations (n
= 67/101) (4* = 0.108, df =1, P = [74).

The validation population had recov-
ery rates similar to those of the estab-
lished prevalence'®*” and to the derivation
cohort?® at 6 months: 50% (n = 51) were
fully recovered, 27% (n = 27) continued to
experience milder levels of disability, and
23% (n = 23) experienced ongoing mod-
erate/severe pain and disability (TABLE 4).
Chi-square analysis showed that there
were no significant differences in the pro-
portion of participants who fully recov-
ered or those who experienced ongoing
moderate/severe pain and disability be-
tween the validation and derivation study
participants (y* = 0.74, df = 2, P = .69).

Validation Cohorts
The results of independent-sample ¢
tests showed no significant differences
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CoMPARISONS BETWEEN THE 2 COHORTS

TABLE 5
OF PARTICIPANTS IN THE PRESENT STUDY

Factor Cohort1 (n =53)* Cohort 2 (n = 48)* P Value
Initial NDI (0-100) 338 =196 290 =171 20
Age,y 33494 352 =119 393
PDS hyperarousal subscale (0-15) 39+41 48 +37 281
Neck range of motion, degf 1959 =50.3 186.0 =569 .356
Initial visual analog scale for pain (0-10) 36+23 33+19 516
Cold pain threshold, °C 13379 13176 893

*Values are mean = SD.

Abbreviations: NDI, Neck Disability Index; PDS, Posttraumatic Stress Diagnostic Scale.

'Sum of left and right neck rotation, flexion, and extension.

between the 2 cohorts in the baseline
variables examined (TABLE 5). Chi-square
analysis showed that there were sig-
nificantly more women in cohort 1 (n
= 41/53) compared with cohort 2 (n =
26/48) (4* = 6.07, df = 1, P = .014).
Chi-square analysis showed that
there were no significant differences in
the proportion of participants who fully
recovered and those who experienced on-
going moderate/severe pain and disabil-
ity between the validation study cohorts
(y* = 2.10, df = 2, P = .35). Hence, it was
deemed appropriate to externally validate
the whiplash CPR with these cohorts.

Preliminary Feedback:

Clinician Acceptability

Twenty-six (31%) physical therapists and
2 (83%) chiropractors returned the clini-
cian acceptability survey. Due to the very
small number of responding chiroprac-
tors, these responses were not included
in the descriptive summary of feedback.
Of the responding physical therapists,
11 were men and 15 were women. Re-
spondents reported that 1 to 30 patients
with a whiplash injury were seen in their
practice per month. Collation of data on
clinical acceptability showed that all re-
spondents agreed or strongly agreed that
the whiplash CPR gathered relevant in-
formation and that it was understandable
for clinicians. Ninety-six percent (n = 25)
agreed or strongly agreed that the whip-
lash CPR would be easy to use, 88% (n =

23) agreed that it would be understand-
able for patients, and 85% (n = 22) agreed
that it would help direct therapy. Ninety-
six percent (n = 25) already clinically
used the NDI to assess neck disability in
patients with WAD. Clinicians were also
asked about their preferred format for
the administration of the whiplash CPR.
The survey responses were reported in a
written survey (73%, n = 19), followed by
a smartphone application survey (42%,
n = 11), web-based survey (42%, n = 11),
and software-based survey (23%, n = 6).

DISCUSSION

the reproducibility and accuracy of

the recently derived dual-pathway
whiplash CPR for individuals seeking
health care for neck pain following a mo-
tor vehicle collision.?® The whiplash CPR
consolidates existing evidence regarding
prognostic factors for poor recovery and
provides a tool to break down varied re-
covery patterns into more homogeneous
subsets. The PPV of ongoing moderate/
severe pain and disability was 90.9% for
individuals who were 35 years of age and
older with initially higher levels of neck
disability and hyperarousal symptoms. In
addition, the probability of full recovery
was 80.0% for younger individuals with
initially lower levels of neck disability.
The current study is one of only a few to
validate a CPR in the area of musculo-

E XTERNAL VALIDATION CONFIRMED

skeletal pain and, to our knowledge, the
only study to validate a CPR for patients
with a whiplash injury.2?? Application of
this tool with similar patients may help
clinicians to make decisions about prog-
nosis and enable interventions to be de-
signed to match patient subgroups.

There has been growing interest in
CPRs for the assessment of patients with
musculoskeletal pain, with the specula-
tion that therapeutic benefits may be
more likely to occur if subgroups of pa-
tients are identified and better matched
to treatments.>*2> While, to our knowl-
edge, there is only 1 other derivation-only
CPR™ and 1 stratified risk assessment
tool'¢ for individuals with a whiplash in-
jury, there has been a surge of CPRs in
the area of low back pain.*'12232¢ Similar
to acute whiplash, nonspecific low back
pain is a heterogeneous condition with
varied recovery rates, and optimal ther-
apy remains equivocal.>91:14:22

Positive effects of matching thera-
peutic pathways to predict prognosis
based on a CPR have been shown in pa-
tients with low back pain.'? Hill and col-
leagues'? subgrouped patients into low-,
moderate-, and high-risk categories us-
ing a CPR-like prognostic screening tool.
Treatments were matched to these cat-
egories and unnecessary treatment was
avoided in low-risk patients, whereas
medium- and high-risk patients were
encouraged to access more concerted
treatments, thereby improving clinical
outcomes. This type of stratified treat-
ment strategy, designed to target patient
subgroups such as those identified in the
whiplash CPR, may help to optimize re-
covery. Clinical treatment pathways need
to be developed with clinical experts,
particularly given the evidence suggest-
ing that early intensive health care for
individuals with acute whiplash injury
may delay recovery.®?' It may be that spe-
cific subsets of patients benefit from spe-
cific treatment strategies, whereas other
patients may find the same therapies to
be detrimental. To avoid unnecessary
treatment and reduce practice variabil-
ity, the recommendation for patients

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY | VOLUME 45 | NUMBER 4 | APRIL 2015 | 247



Downloaded from www.jospt.org at Lucia Campus Library on April 19, 2016. For personal use only. No other uses without permission.
Copyright © 2015 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

who meet the full recovery criteria may
be minimal treatment and reassurance,
whereas a targeted treatment approach
involving physical therapy, psychologi-
cal treatment, and possibly medication
may be recommended for patients who
meet the criteria for ongoing moderate/
severe pain and disability. Recommenda-
tions for individuals who do not meet the
criteria for either pathway may be initial
assessment with reassurance and follow-
up as needed to ensure that recovery does
take place, and to institute more target-
ed treatment if it does not. Randomized
controlled treatment trials are needed to
identify optimal treatment recommenda-
tions for each of the recovery pathways
identified with the whiplash CPR.
Aligning treatment options to recov-
ery pathways necessitates a CPR with
high positive predictive probability and
minimal false positives.>'® Previous re-
search suggests that, of individuals who
experience an acute whiplash injury, ap-
proximately 25% are likely to experience
ongoing moderate/severe pain and dis-
ability, and 50% are likely to fully recov-
er.'>*” Application of the whiplash CPR
provides a significantly better predic-
tion of recovery, with 90.9% predictive
probability for ongoing moderate/severe
pain and disability (TABLE 1) and 80.0%
predictive probability for full recovery
(TABLE 2). The specificity of the whiplash
CPR for the pathway of ongoing moder-
ate/severe pain and disability was 98.7%
(95% CI: 93%, 99%) (TABLE1) and 86.0%
(95% CI: 73%, 94%) for the pathway of
full recovery (TABLE 2). These very high
specificities indicate a low false-positive
rate and help to rule in the condition. For
example, if the patient meets the 3-fac-
tor criteria for ongoing moderate/severe
pain and disability, the patient is likely to
continue to experience moderate/severe
pain and disability; or, if a patient meets
the 2-factor criteria for full recovery, the
patient is likely to fully recover. Likeli-
hood ratios quantify both the direction
and magnitude of the shift in probabil-
ity that an individual will be positive or
negative on the reference standard, in
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this case the NDIL.* It is favorable to have
higher LRs and to have a narrow CI (eg,
95% CI) to indicate that the estimate is
precise.” The positive LR of 33.9 for the
ongoing moderate/severe pain and dis-
ability arm indicates a very large shift
in probability, and the positive LR of
3.92 for the full recovery arm indicates
a smaller shift in probability. The very
large 95% CI for the ongoing moderate/
severe pain and disability arm indicates
a lower degree of precision, whereas the
narrow 95% CI for the full recovery arm
indicates higher precision. Despite these
positive statistical results, the whiplash
CPR is a predictive tool; it is not meant to
provide mutually exclusive decisions on
prognosis but may be an additional tool
to support clinical judgment.

Finally, a CPR will only be used if
it makes clinical sense, is easy to use,
there are no obvious items missing, and
the items seem appropriate for the pur-
pose of the rule.'?** The variables within
the whiplash CPR fit a biopsychosocial
model of recovery, thereby confirming
current evidence about recovery from an
acute whiplash injury. The simple, 3-step
whiplash CPR is designed to be easily
completed by the patient and treating
clinician. The NDI, the first step, is an
outcome measure that is readily avail-
able, and 96% (n = 25) of the respond-
ing clinicians were already using the
NDI to assess neck disability in patients
with a whiplash injury. In a written for-
mat, the clinician will need to calculate
the score on the NDI. If the NDI is 40%
or greater, the patient should then com-
plete the 5-question PDS subscale to
assess hyperarousal symptoms, and the
clinician would simply calculate the to-
tal. The 5-question subscale used in the
present study is part of the PDS, a valid
instrument designed to help with both
the detection and symptomatic evalu-
ation of posttraumatic stress disorder
symptoms.® While there is a cost asso-
ciated with using the entire instrument,
the 5-question hyperarousal subscale
asks generic questions about arousal
symptoms and is very similar to other

available tools, for example, the hyper-
arousal items of the Impact of Event
Scale-Revised,** a free and easily acces-
sible questionnaire. It would thus not be
difficult for clinicians to use the 5 hyper-
arousal symptom items independently of
the entire PDS questionnaire.

Although the sample of clinicians
surveyed was small, the majority agreed
that the whiplash CPR gathered rel-
evant information, would be easy to use,
would be understandable for both clini-
cians and patients, and would help direct
therapy. Future studies should gather
additional information about acceptabil-
ity from a wider range of clinicians, in-
cluding general practitioners and those
involved in the acute care of individuals
following a whiplash injury, to ensure
the acceptability of the whiplash CPR.

The current study was the first of a
recommended series of studies needed
to comprehensively validate a CPR. As
such, there are several limitations to
the study. First, although the data were
collected prospectively in a new patient
cohort, predictive validity was assessed
through a retrospective secondary analy-
sis of data. The possibility exists that the
predictive validity of the whiplash CPR
may be different when used prospective-
ly.%? Second, this external validation in-
cluded patients classified as WAD grade
I1, whereas the derivation study included
patients classified as WAD grades I, 11,
and III. Hence, although most injured
people are classified as WAD grade 11,
the validation sample is not fully repre-
sentative of the population of patients
seeking health care for neck pain follow-
ing a motor vehicle collision. Third, the
derivation and validation of the whiplash
CPR involved data from participants en-
rolled in research studies in Brisbane,
Australia. Participants recruited for re-
search studies may respond differently
from the general public with regard to
components of the whiplash CPR, and
the CPR may perform differently in
other countries and jurisdictions. Pro-
spective validation with a new cohort
of patients fully representative of the
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WAD population would be beneficial.”?
Finally, the response rate to the clinician
acceptability survey was low for physi-
cal therapists and almost nonexistent for
chiropractors. Caution is needed when
interpreting these data. Despite these
limitations, the predictive probabilities
found for each pathway through this
external validation study were signifi-
cantly higher than the estimated prob-
abilities suggested in previous research
and therefore provide a level of evidence
sufficient for clinicians to consider using
the whiplash CPR with patients similar
to those in the derivation and validation
studies.”

CONCLUSION

XTERNAL VALIDATION CONFIRMED

that the whiplash CPR is reproduc-

ible and accurate in predicting 2
prognostic pathways following an acute
whiplash injury. Further research is need-
ed to assess prospective validation, the
impact of inclusion on practice, and to
examine the efficacy of linking treatment
strategies with predicted prognosis. ®

IKEY POINTS

FINDINGS: The predictive probabilities
found for both pathways of the whiplash
CPR following external validation were
significantly greater than the estimated
probabilities suggested in previous re-
search.

IMPLICATIONS: The whiplash CPR may be
considered reproducible and accurate
for individuals seeking health care for
neck pain following a motor vehicle
collision. Application of this tool with
similar patients may help clinicians with
decisions about prognosis and may help
researchers develop targeted therapies
to better match patient subgroups.
CAUTION: The whiplash CPR has not been
prospectively validated with patients
classified as WAD grades I, I, and III
outside of Brisbane, Australia. Feedback
on clinical acceptability of this tool is
limited to a small group of physical
therapists. The wide 95% Cls for the

ongoing moderate/severe pain and dis-
ability pathway indicate less-than-ideal
precision.
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