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THE PRESENCE AND INTERRATER RELIABILITY OF THORACIC
ALLODYNIA IN A WHIPLASH COHORT

Shannon L. Bock, MMS, PA-C, CMT, Christopher J. Centeno, MD, and James M. Elliott, MSPT

Background: The need exists for
more definitive clinical signs indicative of
abnormal central pain processing follow-
ing a whiplash injury. Our observations
have identified the presence of allodynia
in the thoracic spine in patients with neck
pain following whiplash injury. The evalu-
ation of allodynia in the thoracic spine in a
whiplash injured population may assist in
the clinical diagnosis of patients believed
to be suffering from central nervous sys-
tem hypersensitivity.

Objective: To evaluate for the pres-
ence of allodynia in a cohort of patients

with whiplash injury.

Methods: Thirty-one patients with whip-
lash injuries were evaluated in this prospective
study for the presence of allodynia in the tho-
racic spine. Thoracic vertebrae were marked by
the initial evaluating clinician and a Wartenberg
pinwheel was utilized to identify areas of hy-
persensitivity in the thoracic dermatomes. Pa-
tients were instructed to give no verbal clues,
so only visual clues, as determined by the clini-
cian, were assessed. A second clinician, blinded
to the initial examination results, repeated the
examination in the same fashion.

Results: Thoracic allodynia was identified

in 70.97% of the observed population. There
was a high level of agreement between ob-
servers (Kappa coefficient of agreement,
0.8039; 95% Cl, 0.7465, 0.8613; P<0.05).
There was no predilection for a particular
thoracic dermatome.

Conclusion: Thoracic allodynia was
identified as a common, interrater-reliable,
objective physical examination finding in this
whiplash cohort.

Keywords: Allodynia, whiplash, interra-
ter reliability, thoracic

In patients who have sustained
whiplash injuries, the mechanisms in-
volved in maintaining chronic pain are
poorly understood. Whiplash-injured
patients often present with multiple
areas of chronic pain and mechanical
allodynia (1). Allodynia refers to pain
that is due to a stimulus that does not
normally cause pain; there is a lowered
threshold of pain.

Extensive studies (2-6) have inves-
tigated allodynia in animals. In gener-
al, these animal models suggest that in-
jury resulting in increased sensitivity to
noxious stimuli and pain after innocu-
ous stimuli, may be caused by hyper-
sensitivity in spinal cord neurons (cen-
tral hypersensitivity).

In recent years, human studies
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support the hypothesis of central nervous
system hypersensitivity as a contributor to
the persistent pain and allodynia experi-
enced by whiplash patients (1, 7-9). Howev-
er, literature that investigates allodynia spe-
cifically in a whiplash population is sparse.
The aim of this prospective case series was to
investigate the presence of thoracic allodyn-
ia as a physical finding in a whiplash patient
cohort and to demonstrate the interrater re-
liability of allodynia

MEeTHODS

Thirty-one male and female patients
with whiplash injuries due to motor vehi-
cle accidents (MVA) were randomly select-
ed from the patient population of a private
physiatry/pain management practice spe-
cializing in spinal injuries. Patients selected
ranged in post-MVA status from 0.25 years
to 1.5 years. Based upon previous clinical ex-
amination, 20 of the 31 participants were
classified as WAD 2 (whiplash associated
disorder, Quebec Task Force classification
system) and 11 as WAD 1. The investigation-
al review board of Spinal Injury Foundation
approved the study. Patients meeting inclu-
sion criteria consented to participate in this
observational study.

Exclusion criteria eliminated subjects
who: 1) were identified as having gener-

al (non-whiplash-related) neck or back
pain lasting more than a few days, or pain
lasting more than a few days following
an injury or accident prior to their cur-
rent motor vehicle accident; 2) had been
diagnosed with a neurological condition
at some point, experienced paraesthesia
that lasted more than a few days, or had
been diagnosed with a bulging, protrud-
ing or herniated disc; 3) had been hospi-
talized for any muscle, joint, or nerve con-
dition, or who had any type of surgery of
the joints or bones; 4) were diagnosed by a
rheumatologist as having rheumatoid ar-
thritis or any other connective tissue dis-
order such as systemic lupus erythema-
tosus (SLE) or Reiter’s syndrome; 5) had
been treated with prescription medica-
tions for rheumatoid arthritis; 6) had a
thoracic spine MRI showing significant
findings such as disc herniation, spinal
canal or foraminal stenosis, or facet ar-
thropathy; 7) had been taking certain pre-
scription medication(s) for pain, muscu-
lar spasm, or neuropathic pain that would
mask or alter observational findings; or 8)
were pregnant.

Using washable ink, the initial eval-
uating clinician numbered the patient’s
vertebrae, one through twelve, on the skin
over the spinous processes. The patient
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was then given verbal instructions not to
speak during the examination so the clini-
cian could evaluate only visual clues. The
patient was also told how to stop the ex-
amination should they wish to end their
participation.

Each patient was placed in the prone
position on the exam table. A “starting
point” mark was made by the initial eval-
uating clinician at a point 2 centimeters
(cm) bilaterally to the T1 spinous process.
Beginning at the starting point mark, the
clinician moved a Wartenberg pinwheel
down each side of the thoracic spine with
moderate rapidity. The clinician not-
ed any visual clue indicative of allodynia
(which is defined as a painful sensation in
response to a normally nonpainful stimu-
lus), including jump sign, twitch response,
visible retraction, pilomotor response, or
other non-verbal pain response. The pin-
wheel exam consisted of 3-4 trials in suc-
cession on each side, a number that en-
sured the clinician had properly identified
the corresponding thoracic dermatome
at which visual clues were present, and
also ensured that these clues were present
across multiple trials. The clinician then

identified where an allodynia was present
by marking the corresponding location on
a form printed with a thoracic spine illus-
tration labeled from 1-12 and left/right.

A second clinician, blinded to the
outcome of the initial exam, repeated the
same assessment within five minutes of
the initial examination. Prior to the sec-
ond exam, patients were given repeat in-
structions that they were to give no ver-
bal clues. The second clinician conduct-
ed their exam in the same fashion as the
first, beginning 2 cm bilateral from the
midline mark and moving the pinwheel
with moderate rapidity in a succession of
3-4 trials. The second clinician then com-
pleted his own thoracic spine form inde-
pendent of the first clinician’s. The two
separate forms were then attached to pa-
tient information and placed in a fold-
er for statistical analysis by an unbiased
third party.

It is important to note that every pa-
tient was evaluated by the same initial cli-
nician to provide continuity in marking
the thoracic spinous processes and start-
ing points. The second evaluating clini-
cian was chosen randomly from a pool

of three qualified clinicians. All clinicians
have similar clinical experience and utilize
a Wartenberg pinwheel exam on a routine
basis in their clinic setting. Agreement be-
tween the two evaluators was assessed by
determining Kappa coefficients (SAS In-
stitute, Inc., statistical software), a statis-
tical measure of agreement between ob-
servers

ResuLts

Of the 31 patients evaluated, the ini-
tial evaluating clinician was unable to
identify evidence of allodynia on the basis
of visual clues in nine of the patients, and
therefore, the nine were not subsequent-
ly evaluated by a second clinician. These
nine patients were excluded from statis-
tical analysis for kappa coefficient since
they were not evaluated by a second cli-
nician, and thus, there were no areas of
allodynia to be re-identified. Of the re-
maining 22 patients, allodynia was pres-
ent in 70.97% of the patients, and there
was a high level of agreement between ex-
aminers.

The patient group with allodynia
was comprised of five males and 17 fe-
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Histogram depicting allodynic segments. Most of the cases appeared to involve the lower thoracic dermatomes. This may reflect
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Fig. 1. Frequency of allodynic responses for the right and left thoracic spine dermatomal levels
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males. Patient ages ranged from 16 to 72
years (mean age and standard deviation of
40.9 years +/- 14.8 (n = 22). Average and
standard deviation for male patients with
allodynia was 52.0 years +/- 8.9 (n = 5);
the mean and standard deviation for fe-
male patients was 37.7 years +/- 14.7 (n
= 17). The frequency distribution of allo-
dynic dermatomes suggests that the lower
thoracic segments were more commonly
involved (Figure 1).

Table 1 contains the frequencies of
how often certain agreement or disagree-
ment occurred. There were four possible
choices for agreement/disagreement: 1)
both clinicians completely agreed that a
visual response was present; 2) both cli-
nicians completely disagreed; 3) clini-
cian 1 agreed and clinician 2 disagreed;
or 4) clinician 1 disagreed and clinician 2
agreed. The kappa coefficient is equal to
1 when there is complete agreement; the
kappa coefficient is equal to 1 if, and only
if, numbers off the diagonal in the 2 by 2
table (Table 1) are equal to 0. The kappa
coefficient is equal to 0 when complete
disagreement occurred. The kappa co-
efficient indicated strong agreement be-
tween the clinicians (Kappa = .8039) (Ta-
ble 2). The confidence interval (CI) for
kappa was calculated using a level of sig-
nificance 0.05 (95% CI, 0.7465 to 0.8613;
P<0.05). The interval does not include 0,
which allows the null hypothesis to be re-
jected (e.g. that kappa is equal to 0, or that
clinicians completely disagree).

Discussion

This prospective study was an initial
attempt to confirm the presence of allo-
dynia and to quantify interrater reliability
of the examination results in a whiplash
cohort. We found that allodynia was pres-
ent in about 70% of whiplash patients,
and that findings were reproducible be-
tween different examiners, thus estab-
lishing interrater reliability. The results of
this study contribute to the increasing ev-

idence of a central hypersensitivity in pa-
tients suffering from chronic whiplash.

A review of animal models (2) inves-
tigating neuropathic pain as the result of
nerve injury demonstrated that any lo-
cal nerve injury tends to spread to distant
parts of the peripheral and central ner-
vous system and trigger processes of in-
creasing nervous system excitability re-
sulting in widespread pain and hyperalge-
sia. Another study (5) demonstrated that
damage to the ventral-posterior lateral
nucleus of the thalamus in rats delayed
onset of allodynia and thermal hyperal-
gesia, suggesting a potential central pain
syndrome. Also, two recent animal stud-
ies (3, 6) suggest that injury to the sciatic
nerve results in mechanical allodynia that
may be due, at least in part, to the central
hypersensitivity hypothesis.

While animal studies remain at the
forefront in the investigation of allodynia
and central hypersensitivity, more human
studies are being performed that demon-
strate similar results in whiplash patients.
Koelbaek Johansen et al (1) examined
muscular sensibility in areas within and
outside the region involved in the whip-
lash trauma. Compared to controls, they
found widespread areas of muscular hy-
peralgesia and large areas of referred pain
both within and outside traumatized ar-
eas, suggesting a generalized central hy-
perexcitability.

Sterling et al (10) demonstrated that
generalized hyperalgesic responses to the
brachial plexus provocation test were re-
produced in whiplash patients with and
without associated arm pain. These hy-
peralgesic responses were not reproduced
in asymptomatic controls, supporting the
hypothesis of central nervous system hy-
persensitivity contributing to persistent
pain in whiplash patients.

Central hypersensitivity was also
implicated in a study investigating pain
thresholds to electrical stimulus measured
at the neck and lower limb (7). This study

Table 1: Two by two table containing frequency of agreement/disagreement

Clinician 2

Clinician 1

Observed response (+)

Did not observe response (-)

Observed response (+)

123 17

Did not observe response (-)

24 364

Kappa coefficient of agreement

0.8039 (95% CI 0.7465, 0.8613)

found that compared to controls, a whip-
lash group had significantly lower pain
thresholds at both sites, suggesting that
the hypersensitivity observed in healthy
tissue results from alterations in the cen-
tral processing of sensory stimuli. Fur-
thermore, psychophysical studies (8, 9)
also suggest the central mechanisms are
responsible for ongoing pain in at least
some whiplash patients.

Though further investigation into
the mechanisms underlying allodynia in
whiplash patients is warranted, some fo-
cus should be placed on identifying allo-
dynia as reliable physical findings. Other
hallmark findings consistent with whip-
lash injuries have been studied. The myo-
fascial trigger point has been established
as an interrater reliable physical finding
when a training period for examiners is
utilized (11, 12). It has also been dem-
onstrated that thoracic tenderness rela-
tive to the cervical spine is not a normal
finding in asymptomatic subjects (13).
Indeed, the frequency distribution of allo-
dynic dermatomes suggests that the low-
er thoracic segments are more common-
ly involved. Possible explanations include
anatomic susceptibility to injury in the
lower thoracic spine, thoracic kyphosis,
or perhaps the construction of automo-
bile seats. Assessment of passive interver-
tebral motion of the cervical spine dem-
onstrates fair to moderate inter-examiner
reliability (14).

This present study confirms that al-
lodynia is a reproducible physical finding
in whiplash patients. Presumably, due to
exclusion criteria, the subjects examined
in this study have no thoracic spine tis-
sue damage, yet they did exhibit physical
findings of allodynia on examination. Al-
though cervical facet or discogenic pain
generators and local myofascial trigger
points in the thoracic paraspinal muscu-
lature may contribute to thoracic pain af-
ter whiplash, absence of objective exam
findings consistent with tissue damage is
common in patients with neck pain after
whiplash (15). Nonetheless, the present
observations suggest that central hyper-
sensitivity may explain exaggerated pain
after innocuous sensory input in whip-
lash-injured patients.

CONCLUSION

This prospective case series is an ini-
tial attempt to demonstrate the presence
of allodynia as a physical finding in whip-
lash patients. Although the results of this
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case series may contribute to the hypoth-
esis of an underlying central hypersensi-
tivity mechanism sustaining chronic pain
in whiplash patients, further investigation
encompassing a non-whiplash cohort
should be considered, and is underway. To
enhance interrater reliability, questions of
whether or not thoracic allodynia is pres-
ent in other pain patient populations may
be investigated. Such studies will contrib-
ute to the understanding of mechanisms
involved in maintaining chronic pain in
whiplash-injured patients
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