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Background. Correlations between clinical and quantitative measures of pain
sensitivity are poor, making it difficult for clinicians to detect people with pain
sensitivity. Clinical detection of pain sensitivity is important because these people
have a different prognosis and may require different treatment.

Objective. The purpose of this study was to investigate the relationship between
clinical and quantitative measures of pain sensitivity across individuals with and
without neck pain.

Methods. This cross-sectional study included 40 participants with chronic neck
pain and 40 age- and sex-matched controls. Participants underwent quantitative
sensory testing of cold pain thresholds (CPTs) and pressure pain thresholds (PPTs).
Clinical tests for pain sensitivity were the ice pain test and the pressure pain test. All
tests were undertaken at standardized local (neck and upper trapezius muscles) and
remote (wrist and tibialis anterior muscles) sites. Median and interquartile range
(IQR) were calculated for neck pain and control groups, and parametric and non-
parametric tests were used to compare groups. Correlation coefficients were calcu-
lated between quantitative and clinical measures.

Results. There were significant differences for clinical and quantitative measures
of cold and pressure sensitivity between the neck pain and control groups (eg, CPT
neck pain group: median�22.31°C, IQR�18.58°C; control group: median�5.0°C,
IQR�0.74°C). Moderate-to-good correlations were found between the clinical ice
pain test and CPT at all sites (.46 to .68) except at the wrist (.29 to .40). Fair
correlations were found for the clinical pressure pain test and PPT (�.26 to �.45).
Psychological variables contributing to quantitative measures of pain sensitivity
included catastrophization, sleep quality, and female sex.

Limitations. Clinical pressure pain tests were not quantitatively standardized in
this study.

Conclusions. The ice pain test may be useful as a clinical correlate of CPT at all
sites except the wrist, whereas the pressure pain test is less convincing as a clinical
correlate of PPT.
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Neck pain, whether idiopathic
or caused by a whiplash
injury, is a global health bur-

den. It has been ranked as the fourth
leading cause of years lived with dis-
ability for the last 2 decades.1 Data
from systematic reviews tracking the
course of recovery for both idio-
pathic neck pain2,3 and whiplash4,5

indicate that recovery is poor for
many people, with at least 50% hav-
ing long-term pain and disability.
Factors that are associated with non-
recovery after neck pain are multi-
factorial and include psychological
and symptom-related factors. The
most consistent factor associated
with nonrecovery is high initial self-
reported levels of pain.2–5 Further
work has shown that quantitative
measures of pain sensitivity6–8 (in
particular, increased cold pain sensi-
tivity9–12) are associated with poor
outcomes in neck pain. Therefore,
detecting people with pain sensitiv-
ity in primary care is critical to iden-
tifying patients at greater risk of
nonrecovery.

Quantitative sensory testing (QST) is
a laboratory-based tool used to assess
pain sensitivity.13 It has been used to
characterize somatosensory pheno-
types of various painful neuropathic
conditions14 and has increasingly
been used to test for the presence of
pain sensitivity in cervical pain
states.15–17 Laboratory equipment is
able to quantitatively test both cold
and pressure sensitivity components
of the QST test battery18; however,
this equipment is costly and unavail-
able to primary care clinicians. Lack-
ing, therefore, are clinical tests that
correlate with quantitative tests,
which, in turn, would enable
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• eFigure: Median for Cold Pain
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primary care clinicians to identify
people with pain sensitivity.

To date, QST has been evaluated
against clinical measures such as sub-
jective reports of pain intensity and
self-reported disability rather than
more directly related physical mea-
sures. Correlations between subjec-
tive reports of pain intensity and dis-
ability have a weak association with
quantitative measures of pressure
pain thresholds (PPTs), as shown in
primary cross-sectional studies19 and
in our recently published meta-
analysis.20 It could be argued, there-
fore, that a closer construct to PPT, a
physical application of pressure,
would be pressure applied manually.
To date, however, correlations
between manual application of pres-
sure and PPT have not been
investigated.

In contrast, manual application of ice
has been suggested as a clinical
method for assessment of cold pain
sensitivity.21 To date, however, only
one study has formally examined the
association between this clinical ice
test and the QST measure of cold
pain threshold (CPT).22 In that
study,22 the researchers applied ice
to the skin, finding that a pain inten-
sity rating of �5/10 indicated a 90%
likelihood of cold hyperalgesia,
assessed by CPT, being present. The
main limitation of the study by Max-
well and Sterling is that only one
body site was measured rather than
multiple sites, which are often used
to determine the presence of wide-
spread pain sensitivity. This limita-
tion is potentially important because
there is some evidence that people
with neck pain who have wide-
spread pain sensitivity, including
widespread cold pain sensitivity,
have higher levels of symptoms and
poorer prognosis than those with
localized pain sensitivity.23

Also complicating the interpretation
of QST results is the finding of pain
sensitivity in pain-free individu-
als.24,25 Previous studies of a similar
nature have often not included con-
trol participants.19,22 This lack of
controls was considered important
in the current study, as clinical cor-
relates should be associated with the
quantitative measure regardless of
the pain status. In other words, cli-
nicians need to be assured that the
chosen clinical measure correlates
with the quantitative measure in
both individuals who are asymptom-
atic and those with presence of clin-
ical pain.

Finally, pain sensitivity is understood
to be highly influenced by supraspi-
nal processes.26 In neck pain, factors
known to have an association with
either CPT or PPT include general
psychological distress, anxiety, cata-
strophizing, and fear avoidance.19,27

Recently, poor sleep also has been
identified as a factor related to pain
sensitivity.27 It is important, there-
fore, to consider these factors in any
work investigating pain sensitivity.

This study, therefore, aimed to deter-
mine the association between clini-
cal and quantitative tests of pain sen-
sitivity in people with neck pain as
well as pain-free controls. Specifi-
cally, we aimed to investigate corre-
lations between: (1) pain ratings of
manually administered pressure and
laboratory measures of PPT and (2)
pain and cold ratings with the appli-
cation of ice with laboratory mea-
sures of CPT. An additional aim was
to determine the psychological and
clinical tests that are associated with
the quantitative measures. In so
doing, this information aims to facil-
itate better identification of pain sen-
sitivity in clinical practice.

Method
Study Design and Participants
A cross-sectional study investigating
people with chronic neck pain
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(n�40) and healthy age- and sex-
matched controls (n�40) was con-
ducted. Forty participants with
chronic neck pain seen in private
physical therapy practices in Sydney
and Perth, Australia, participated in
the study. Participants with chronic
neck pain aged 18 to 65 years were
included if they had: neck pain (with
or without arm pain) of at least 3
months’ duration, neck pain inten-
sity of at least 3/10 on an 11-point
numeric rating scale (NRS), and neck
disability of at least 10/50 on the
Neck Disability Index (NDI).28 Peo-
ple with neck pain were excluded if
they had low disability (�10/50 on
the NDI), cervical radiculopathy,
known pathology such as fracture or
tumor, or any implanted medical
device such as a pacemaker.

Control participants were included if
they had no history of neck pain or
current neck pain. They were
matched for age, sex, and local test-
ing site with participants in the neck
pain group to control for the known
variation in QST measures according
to both age and sex.29 Control par-
ticipants were recruited in response
to advertisements placed at the Uni-
versity of Sydney and Curtin Univer-
sity. Participants were recruited
between October 2012 and Decem-
ber 2013. All participants provided
written informed consent.

Procedure
All participants completed baseline
demographic data and question-
naires covering symptoms, disability,
and psychological status. Partici-
pants then attended on one occasion
for clinical and quantitative (labora-
tory) testing. Clinical and quantita-
tive testing were conducted
independently by 2 different investi-
gators, each blinded to the results of
the previous examination.

Demographic Information and
Questionnaire Assessment
Demographic data collected
included age, sex, marital status, edu-
cation level, and occupation. Symp-
toms assessed were average neck
pain intensity and average referred
pain intensity over the previous 24
hours and over the previous week as
measured with the NRS. If several
areas of referred pain were noted by
the participant, the worst area of
referred pain was recorded. Disabil-
ity due to neck pain was assessed
using the NDI,28 which has been
extensively evaluated in neck pain
populations.

Several psychological constructs
were chosen to be assessed due
to their reported association with
pain sensitivity in musculoskeletal
pain states, including neck pain. The
short-form Depression Anxiety Stress
Scale (DASS-21) was administered to
assess stress, anxiety, and depres-
sion.30 The Pain Catastrophizing
Scale31 (PCS) was administered to
assess negative orientation toward
pain and is a known construct asso-
ciated with poor outcomes in neck
pain states.8 Sleep quality was mea-
sured using the Pittsburgh Sleep
Quality Index32 (PSQI), given the
potential influence of sleep on pain
sensitivity. The self-administered
comorbidities questionnaire was
used to document the presence of
other health disorders.33

Clinical Testing
All participants attended one clinical
assessment involving a standard clin-
ical physical therapy neck assess-
ment with the addition of the novel
clinical tests to detect pain sensitiv-
ity. Clinical testing was conducted
by specialist or titled musculoskele-
tal physical therapists (T.R., D.B.,
N.M., R.A.). The physical therapists
initially conducted an upper limb
neurological examination and the
Spurling test34 to exclude cervical
radiculopathy.

The first clinical test conducted to
assess for abnormal sensory process-
ing was the Brachial Plexus Provoca-
tion Test (BPPT), which assesses the
sensitivity of the brachial plexus to
movement.35 This test has been eval-
uated in participants with neck pain
and neck-related arm pain, with find-
ings that sensitivity of the neural tis-
sue to movement during the BPPT is
associated with nervous system sen-
sitization.15,16,36 Participants were
asked to indicate to the physical ther-
apist when they first perceived the
onset of pain anywhere along the
tested arm. A test was considered
positive if it reproduced the partici-
pant’s symptoms (or concordant
symptoms) and structural differenti-
ation indicated that the sensitized
structure was neutral. With the NRS,
participants rated pain intensity
experienced at onset of their arm
symptoms or at the onset of
increased pain if they had pain at
rest.

Participants then underwent clinical
testing for pressure and cold sensi-
tivity at both local and remote sites.
The physical therapist performed a
routine manual examination of the
cervical spine to identify the most
painful cervical level, which was
used as the local test site. A second
local site used was in the upper tra-
pezius muscle, at the midpoint
between the C7 spinous process and
the acromion on the most symptom-
atic side. The remote sites tested
were over the capitate bones of both
wrists and over the tibialis anterior
muscle. We considered the symp-
tomatic wrist as the most symptom-
atic side for participants with neck
pain, namely where pain may be
referred from the cervical spine into
the “symptomatic” limb. The tibialis
anterior muscle site was located at
the mid-substance muscle belly of
the tibialis anterior muscle, located 5
cm distal to the tibial tubercle and 2
cm laterally for the right side only.
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Clinical Pressure Pain Test
Clinical testing of pressure sensitiv-
ity was performed by the physical
therapist applying mild, moderate,
and firm manual pressure at the sites
specified above. Physical therapists
standardized their forces, using ver-
bal feedback from pilot-tested
patients. As a guide, physical thera-
pists considered mild force to be
equivalent to a grade I pressure
applied during a “Maitland mobiliza-
tion,” moderate force as a grade II
pressure, and firm force as a grade III
to IV pressure.37(p175) Pilot-tested
patients gave verbal feedback on the
pressure applied by all physical ther-
apists doing the manual assessment
until pressures were perceived to be
similarly applied by all physical
therapists.

Participants were asked to rate their
pain intensity at each pressure using
the 11-point NRS. The pain ratings
from each of these pressures were
amalgamated into one scale, which
was designed to weight pain due to
mild pressure more strongly (ratings
for pain at mild pressure �3, at mod-
erate pressure �2, and at firm pres-
sure �1). This approach gave a total
amalgamated score/60 for the com-
plete clinical pressure pain test.

Clinical testing of cold sensitivity
was performed using ice application
to the above sites for 5 seconds. Par-
ticipants were asked to rate their
pain intensity at each site on the
11-point NRS (clinical ice pain test)
and to rate cold on a similar 11-point
NRS scale (clinical ice cold test).
We used 5 seconds based on clinical
piloting of ice application to mini-
mize any temporal summation or
wind-up due to repeated
applications.

Control participants were matched
for age and sex with participants in
the neck pain group and had the
same sites tested. For example, if a
participant with neck pain was most

symptomatic to manual palpation
over the left C3 facet joint, this same
site was tested on the matched con-
trol participant.

Quantitative Testing
Pressure pain sensitivity was
assessed by recording PPT values
using a handheld pressure algometer
with a probe size of 1 cm2 (Somedic
AB, Hörby, Sweden) applied at a rate
of 40 kPa/s.38 Pressure pain thresh-
olds were tested at the same sites as
previously described. Participants
were asked to press the stop switch
as soon as the stimulus started to feel
painful. The mean of 3 tests was
recorded.

Cold pain sensitivity was assessed by
recording CPT values using a thermal
sensory testing system (MSA Ther-
mal Stimulator, Somedic). Cold pain
thresholds were tested at the same
sites as outlined in the clinical exam-
ination above. Participants received
a continuously descending tempera-
ture stimulus starting at 30 degrees
and reducing at a rate of 1°/s. They
were instructed to terminate the
stimulus using a cutoff switch as
soon as the stimulus started feeling
painful.

Data Analysis
We used IBM SPSS version 19 (IBM
Corp, Armonk, New York) to analyze
the data. Data were assessed using
Kolmogorov-Smirnov tests for nor-
mal distribution. Demographic data
and results from self-reported ques-
tionnaires were analyzed using
descriptive statistics. Median and
IRQ were calculated for clinical and
quantitative variables. Group differ-
ences were investigated using inde-
pendent t tests for normally distrib-
uted data. These statistical analyses
are similar to those used in our pre-
vious articles.15,39

Bivariate correlation coefficients
(Spearman rho [�]) were calculated
between clinical measures and their

related quantitative variables (ie,
clinical ice cold rating and clinical
ice pain ratings were calculated with
CPT, and clinical pressure pain rat-
ings were calculated with PPT). Rela-
tionships according to correlation
coefficients were adopted from pre-
vious studies20,40 and considered as
follows: �.25�little or no relation-
ship, .25�.5�fair relationship,
.5�.75�moderate-to-good relation-
ship, and �.75�good-to-excellent
relationship.

To investigate the psychological and
clinical tests that are associated with
quantitative measures of pain sensi-
tivity, hierarchical linear regression
models with PPT and CPT as out-
come variables were built for each
site on the basis of significant corre-
lations (P�.05). Variables that dem-
onstrated at least a fair correlation
(��.3) with the outcome variable
were selected as predictor variables.

In order to assess the unique contri-
bution of the clinical tests, 2 models
were built. In the first model, all
potential predictors except the clin-
ical tests were forced into the model.
In the second model, the clinical
tests were entered in a stepwise
manner using a combination of for-
ward selection and backward elimi-
nation, with P�.5 for entry and P�.1
for removal. Regression models were
performed for all data and the neck
pain group only to remove any
dependency created by the age and
sex matching.

As the 2 pain intensity ratings (24
hours, last week) showed very high
intercorrelations (ie, .9 and higher),
a composite score was created. A
sample size of 40 participants in
each group was calculated a priori to
have an 80% chance of detecting a
moderate correlation at the 5% sig-
nificance level.
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Results
A total of 80 people participated in
this study: 40 with neck pain and 40
age- and sex-matched controls.
Demographic variables are shown in

Table 1. A greater proportion of par-
ticipants (n�50) were recruited
from New South Wales compared
with Western Australia (n�30).
There were no differences between
groups in terms of demographic vari-
ables; however, the neck pain group
had significantly poorer scores for
the DASS-21, PCS, sleep quality, and
comorbidities. The most common
symptomatic joint to palpation was
C2 (50% of neck pain group).

Group Differences
The differences between the neck
pain and control groups for the clin-
ical and quantitative data are pro-
vided in Table 2. There were signif-
icant differences between the 2
groups for quantitative measures of
cold sensitivity (CPT) at all sites
tested (P�.001). In addition, there
were significant differences between
groups for clinical measures of ice
pain at all sites tested (P�.001).
However, between-group differ-
ences for clinical measures of ice
cold were significant only at the
neck, wrist, and upper trapezius
muscle sites (P�.05).

There were significant differences
between the neck pain and control
groups for PPTs at all sites tested
(P�.001). Clinical measures of pres-
sure pain were significantly different
at the neck, wrist, and upper trape-
zius muscle sites (P�.001) but were
not significantly different at the tib-
ialis anterior muscle site (Tab. 2).

Relationships Between Clinical
and Quantitative Tests
Moderate-to-good correlations were
found between CPT and clinical
measures of ice pain at all sites tested
(all data: ��.55 to .68; neck pain
group only: ��.46 to .65; Tab. 3)
except the wrist (all data: ��.40;
neck pain group only: ��.29;
Tab. 3). There were either no or fair
correlations between CPT and clini-
cal measures of ice cold for all data
and neck pain group data only
(Tab. 3).

Fair correlations were found
between quantitative measures of
pressure sensitivity (PPT) and clini-
cal pressure pain when considering
all data (���.30 to �.44; Tab. 4)
and the neck pain group only
(���.26 to �.45; Tab. 4). In order
to inform clinicians of the most
appropriate force to apply, we also
calculated the correlations between
PPT and pressures applied at differ-

Table 1.
Participant Characteristics and Group Differences for Pain, Disability, Psychological,
and Health Status Domainsa

Variable Neck Pain Group Control Group P

Demographic

Age (y), X (SD) 41 (11.2) 40.6 (10.7) .95

Marital status, married, n 23 24 .93

Education level, n

Tertiary 30 35 �.00

Secondary 10 3

Primary 0 2

BMI (kg/m2), X (SD) 25.94 (7.28) 24.67 (4.03) .48

Location

NSW/WA, n 25/15 25/15 .38

Symptomatic level in neck, n (%)

C1 1 (2.5)

C2 20 (50)

C3 11 (27.5)

C4 5 (12.5)

C5 2 (5)

C7 1 (2.5)

Psychological comorbidities and sleep

DASS-21, depression, median (IQR) 2.0 (5.75) 1.0 (3.0) �.001

DASS-21, anxiety, median (IQR) 5.0 (5.0) 2.0 (6.0) �.001

DASS-21, stress, median (IQR) 8.0 (8.75) 5.0 (6.75) �.001

PCS, total, median (IQR) 13.5 (17.25) 5.0 (13.75) �.001

PCS, rumination, median (IQR) 5.0 (5.0) 1.0 (6.75) .001

PCS, magnification, median (IQR) 2.0 (3.75) 1.0 (2.75) �.001

PCS, helplessness, median (IQR) 6.0 (9.75) 2.0 (7.0) �.001

Comorbidities (/36), median (IQR) 2.5 (3.0) 1.0 (3.0) �.05

Sleep quality, median (IQR) 9.5 (8.5) 6.0 (6.75) �.001

a BMI�body mass index, NSW�New South Wales, WA�Western Australia, DASS-21�short-form
Depression Anxiety Stress Scale, PCS�Pain Catastrophizing Scale.
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ent forces (light, moderate, and
firm). Correlations were generally
higher if applied with light or
moderate pressure (ranging from
���.34 to �.55) when considering
all data. When considering the neck
pain group only, correlations also
were generally higher and always sta-
tistically significant for moderate
pressure (ranging from ���.29 to
�.37) compared with either light or
firm pressure, where correlations

were often not significant (eg, corre-
lation between light clinical pressure
and PPT at the neck was �.10;
Tab. 4).

Summaries of the results of the
regression models are provided in
Tables 5 and 6. Variables that
showed at least a fair-to-moderate
correlation with CPT or PPT that
were included in model 1 were sex,
PCS score, DASS-21 score, sleep qual-

ity, pain intensity, and BPPT pain
score. Age, which was initially con-
sidered associated with CPT and
PPT, did not show a correlation. For
CPT, these variables accounted for
29% to 45% of the variance, depend-
ing on the site tested (Tab. 5). When
the clinical ice pain scores were
added in model 2, a further 10% to
16% of the variance was explained
when considering all data. When
considering neck pain group data
only, similarly a further 9% to 17% of
the variance was explained with the
addition of the ice pain test. Clinical
ice pain remained the only factor
that consistently predicted CPT
across all body sites in the final
regression models for all data and
neck pain group data only (model 2;
Tab. 5).

With regard to PPT variables, sex,
PCS score, DASS-21 score, sleep qual-
ity, pain intensity, and BPPT pain
score accounted for 35% to 43% of
the variance in model 1 (Tab. 6).
When the clinical pressure pain
score was added (model 2), a further
1% to 5% of the variance was
explained for all data and 0% to 13%
for the neck pain group data only,
depending on the site tested
(Tab. 6). Significant variables associ-
ated with PPT were consistently
female sex and clinical pressure pain
scores for all body sites, except the
upper trapezius muscle (only sex
was significant). These associations
remained significant when consider-
ing the neck pain group only.

Discussion
This study demonstrated that the
clinical ice pain test has a moderate-
to-good correlation with the labora-
tory measure of cold pain threshold
in people with and without neck
pain. However, only fair correlations
between the clinical pressure pain
test and laboratory measures of pres-
sure pain threshold were found.
Both clinical tests remained signifi-
cant in multiple regression models

Table 2.
Group Differences for Quantitative and Clinical Measures of Pressure and Cold Pain
Sensitivitya

Variable
Neck Pain Group

Median (IQR)
Control Group
Median (IQR) P

Cold sensitivity

Quantitative: CPT (°C)

Neck 22.31 (18.58) 5.0 (0.74) �.001

Upper trapezius 22.43 (21.01) 5.0 (2.19) �.001

Wristb 20.07 (18.81) 5.0 (2.28) �.001

Tibialis anterior 7.5 (16.35) 5.0 (0.0) �.001

Clinical: ice pain, NRS (0–10)

Neck 2.0 (5.0) 0.0 (1.0) .007

Upper trapezius 0.0 (3.0) 0.0 (1.0) .047

Wristb 0.0 (2.0) 0.0 (0.88) .104

Tibialis anterior 0.0 (0.075) 0.0 (0.0) .014

Clinical: ice cold, NRS (0–10)

Neck 5.0 (4.0) 3.0 (0.95) .001

Upper trapezius 4.5 (4.0) 3.0 (2.0) .004

Wristb 4.0 (3.0) 2.5 (2.38) .002

Tibialis anterior 3.0 (3.0) 0.5 (2.0) .037

Pressure sensitivity

Quantitative: PPT (kPa)

Neck 165.17 (142.92) 284.50 (167.37) �.001

Upper trapezius 235.5 (158.08) 433.17 (248.17) �.001

Wristb 318.00 (253.83) 478.67 (205.25) �.001

Tibialis anterior 353.17 (173.5) 526.0 (316.92) �.001

Clinical: pressure pain, NRS (0–60)

Neck 26.0 (23.25) 11.0 (14.0) �.001

Upper trapezius 14.0 (16.5) 6.0 (4.0) �.001

Wristb 4.0 (11.5) 1.0 (2.0) �.001

Tibialis anterior 3.0 (14.75) 1.0 (6.5) .098

a IQR�interquartile range, CPT�cold pain threshold, NRS�numeric rating scale, PPT�pressure pain
threshold.
b Wrist data given for the symptomatic side for the neck pain group and for the mean between left
and right sides for the control group.
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predicting their quantitative equiva-
lent after accounting for psychologi-
cal, pain intensity, and sleep vari-
ables. These tests, therefore, could
be used with some confidence in the
clinic to assist with the identification
of people with pain sensitivity.

Moderate-to-good correlations be-
tween the ice pain test and cold pain
thresholds were found at all body
sites tested except the wrist, where
the association was only fair. In ret-
rospect, the wrist as a test site may
need to be reconsidered given the
lower correlations and the insignifi-
cant differences between neck pain
and control groups with the ice pain
test (Tab. 2). It was chosen as a site
based on the remote site used in low
back pain studies41; however, it is
noted that, in studies involving
upper limb populations, the forearm
is often a preferred test site.15 Anec-
dotally, we found the wrist relatively
less sensitive to tests compared with
the other upper limb sites. Hence, in
future studies, an alternate site in the
upper limb should be considered.

Otherwise, the reported moderate-
to-good correlations corroborate the
findings of the only other study22

investigating the ice pain test, where
high pain scores with ice application
predicted cold hyperalgesia at the
neck. Correlations with the ice pain
test in our data also were higher than
those with the ice cold test, thereby
suggesting the ice pain test is more
closely related to CPT testing.

Our data also clearly demonstrate
that contributions to cold pain sen-
sitivity are not unidimensional. In
this study, up to 43% of the variance
in CPT was explained by psychoso-
cial variables such as anxiety, depres-
sion, PCS score, and sleep quality. Of
these contributions, the PCS score
was the one variable that reached
significance before the clinical ice
pain test was added. This finding
supports previous work where pain
catastrophization27 was highly corre-
lated with CPT in people with
whiplash-associated disorder. How-
ever, given that the ice pain test
remained the only significant factor

in the regression models across all
body sites when PCS and other vari-
ables were accounted for, we argue
that the ice pain test should be con-
sidered associated with CPT.

The pressure pain test, however,
showed only fair correlations with
PPT. In addition, although signifi-
cantly associated with PPT in the
regression models, the clinical pres-
sure pain test accounted for less of
the variance associated with PPT
than the ice pain test did with CPT.
This result may have occurred
because other factors such as female
sex consistently contributed to PPT
across all body sites. Pressure pain
thresholds are known to be signifi-
cantly less in women than men,24 a
finding further supported by these
data. Interestingly, sleep quality also
was predictive of PPT for the neck
and upper trapezius muscle sites.
Sleep quality has more recently been
found to be associated with pain lev-
els but seems to be more consis-
tently associated with mechanical
hyperalgesia.42,43 We argue, there-
fore, that although the clinical pres-
sure pain test was still correlated
with PPT, its clinical utility as a sub-
stitute for PPT is less convincing
compared with the ice pain test.

The limitations to this study may
explain some of the low correlations
between PPT and the clinical pres-
sure pain test. First, we did not stan-
dardize the quantity of the force
applied by the physical therapists as
mild, moderate, and firm; hence,
almost certainly the clinical pressure
forces between physical therapists
would have differed. However,
when designing this study, we were
attempting to replicate clinical prac-
tice as closely as possible, where
standardization of manual forces is
not possible. Second, both clinical
and quantitative testers were not
blinded to group allocation; hence,
they may have subconsciously
altered the force of their testing if

Table 3.
Bivariate Correlation Analyses Between Quantitative and Clinical Measures for Cold
Pain Sensitivitya

Variable
All Data

(Spearman rho) P
Neck Pain Only
(Spearman rho) P

Neck

CPT and clinical ice pain .68 �.001 .65 �.00

CPT and clinical ice cold .40 �.001 .42 .007

CPT and average neck pain intensity
in last 24 h

.64 �.001 .43 .006

Upper trapezius

CPT and clinical ice pain .60 �.001 .64 .003

CPT and clinical ice cold .37 .001 .32 .043

Wristb

CPT and clinical ice pain .40 �.001 .29 .074

CPT and clinical ice cold .28 .013 .10 .489

Tibialis anterior

CPT and clinical ice pain .55 �.001 .46 .003

CPT and clinical ice cold .15 .195 .10 .556

a CPT�cold pain threshold.
b Wrist data analyzed for the symptomatic side in the neck pain group and for the mean difference
between left and right sides for the control group.
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they knew they had a “pain patient.”
It is noted, however, that the corre-
lations did not differ greatly when
the pain participant groups were
considered separately.

An important aspect of this study
was that correlations were tested in
healthy controls as well as partici-
pants with neck pain. It is known
that pain sensitivity can occur in
people who are asymptomatic24 and
that not all of those with symptom-
atic neck pain will have pain sensi-
tivity. Our median and IQR data dem-
onstrate an overlap between
quantitative measures of CPT
(eFigure, available at ptjournal.
apta.org) and PPT between the neck
pain and control groups. The finding

of a spread of pain sensitivity profiles
at each site among both healthy con-
trols and people with neck pain
leads to the question regarding the
genetic contribution to pain sensitiv-
ity. Although research in this area is
only recent, data are accumulating
that between 30% and 60% of the
variation in chronic pain syndromes
may be due to heritable factors.44–48

Furthermore, data from more than
90 pairs of twins indicate that up to
60% of the variance in cold pressure
pain sensitivity and 26% of the vari-
ance in heat pain sensitivity is genet-
ically mediated.49 Specific genotyp-
ing studies have demonstrated that
higher pain sensitivity occurs in peo-
ple harboring specific genes or spe-
cific single nucleotide polymor-

phisms of genes (eg, the A118G
single nucleotide polymorphism of
the �-opioid receptor gene),50

which also may be associated
with increased risk of developing
chronic pain conditions in these
individuals.51

Future Research
Clinical detection of pain sensitivity
is one step toward understanding
prognosis and treatment for such
individuals. Future longitudinal
research is needed to investigate the
relationship between clinical mea-
sures of pain sensitivity and long-
term outcome. Identification of sub-
groups of pain sensitivity profiles
(eg, local versus widespread pain
sensitivity) utilizing clinical mea-
sures is needed. Determining cutoff
scores for the clinical tests in longi-
tudinal studies also may improve our
understanding of their diagnostic
accuracy. Other predictors of both
CPT and PPT clearly still need to be
found, given that our models
accounted for between 30% and 55%
of the variance. We have hypothe-
sized that heritability49,51 may be
among these factors.

Our specific recommendation for
improving the correlations between
clinical and quantitative measures is
to test a different site than the wrist,
given our low correlations between
the ice pain test and CPT. Our data
suggested that moderate pressure is
most likely to be associated with PPT
(given the overall higher correlations
compared with light or firm pres-
sure), but ideally quantitative stan-
dardization of the moderate clinical
pressure applied may yield better
correlations.

Clinical Implications and
Recommendations
Our data suggest that the ice pain
test may be a useful clinical correlate
for CPT at the neck, upper trapezius,
and tibialis anterior muscles, given
correlations are moderate to good at

Table 4.
Bivariate Correlation Analyses Between Quantitative and Clinical Measures for
Pressure Pain Sensitivitya

Variable
All Data

(Spearman rho) P
Neck Pain Only
(Spearman rho) P

Neck

PPT and clinical pressure pain �.44 �.001 �.36 .02

PPT and light clinical pressure �.39 �.001 �.10 .54

PPT and moderate clinical pressure �.55 �.001 �.37 .04

PPT and firm clinical pressure �.51 �.001 �.15 .35

Mean PPT and average neck pain
intensity last 24 h

�.60 �.001 �.43 .01

Upper trapezius

PPT and clinical pressure pain �.35 .011 �.28 .09

PPT and light clinical pressure �.39 �.001 �.33 .84

PPT and moderate clinical pressure �.49 �.001 �.33 .04

PPT and firm clinical pressure �.49 �.001 �.29 .07

Wrist

PPT and clinical pressure pain �.38 �.001 �.45 �.00

PPT and light clinical pressure �.47 �.001 �.44 .01

PPT and moderate clinical pressure �.40 �.001 �.36 .02

PPT and firm clinical pressure �.26 .020 �.13 .44

Tibialis anterior

PPT and clinical pressure pain �.30 .007 �.26 .11

PPT and light clinical pressure �.32 .004 �.17 .29

PPT and moderate clinical pressure �.34 .002 �.29 .06

PPT and firm clinical pressure �.26 .021 �.21 .21

a PPT�pressure pain threshold.
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all locations. The wrist as a test site
should be reconsidered at this stage,
given the fair correlations only. We
would recommend the ice pain test
above the manual pressure pain test,
given the higher correlations and the
higher prediction levels with quanti-
tative measures. The clinical ice pain

test could potentially enable the cli-
nician to determine if pain sensitivity
is local or widespread, as treatment
recommendations may arguably dif-
fer depending on the pain sensitivity
profile.

The application time for the ice pain
test varied from 5 to 10 seconds
between our study and that of Max-
well and Sterling.22 Given the results
of both studies, it is not clear that
there is a significant difference in uti-
lizing either protocol clinically.
Anecdotally, for people with high

Table 5.
Regression Analyses for Variables Associated With Cold Pain Threshold at All Body Sitesa

Variable

Cervical Spine Upper Trapezius Wrist Tibialis Anterior

All
Neck Pain

Group All
Neck Pain

Group All
Neck Pain

Group All
Neck Pain

Group

Model 1 R2�.39 R2�.23 R2�.41 R2�.21 R2�.43 R2�.24 R2�.29 R2�.18

NRS composite P�.03 NS P�.004 NS NS NS NS NS

BPPT NS NS NS NS NS NS P�.02 P�.03

PCS NS NS NS NS P�.05 NS NS NS

Model 2 R2�.55 R2�.41 R2�.54 R2�.38 R2�.50 R2�.33 R2�.39 R2�.34

NRS composite NS NS P�.02 NS NS NS NS NS

BPPT NS NS NS NS NS NS P�.00 P�.06

Clinical ice cold NS NS NS NS NS NS NS NS

Clinical ice pain P�.000 P�.004 P�.000 P�.007 P�.000 P�.05 P�.00 P�.006

% difference in R2 explained
by clinical variable

16 18 13 17 11 9 10 16

a Model 1: variables entered were sex, Pain Catastrophizing Scale (PCS) score, short-form Depression Anxiety Stress Scale (DASS-21) score, sleep quality,
composite numeric rating score for pain (NRS composite), and Brachial Plexus Pain Provocation (BPPT) test score. Only results for variables that reached
significance are shown. Model 2: variables entered were the same as for model 1 as well as clinical ice cold score and clinical ice pain score. All�whole
cohort, NS�not significant.

Table 6.
Regression Analyses for Variables Associated With Pressure Pain Thresholds at All Body Sitesa

Variable

Cervical Spine Upper Trapezius Wrist Tibialis Anterior

All
Neck Pain

Group All
Neck Pain

Group All
Neck Pain

Group All
Neck Pain

Group

Model 1 R2�.43 R2�.43 R2�.41 R2�.48 R2�.46 R2�.44 R2�.35 R2�.35

Sex P�.005 P�.07 P�.03 P�.04 P�.01 P�.05 P�.001 P�.01

PCS P�.009 NS NS NS P�.005 NS NS NS

Sleep quality P�.03 P�.01 P�.02 P�.004 NS NS NS NS

Model 2 R2�.46 R2�.47 R2�.42 R2�.48 R2�.50 R2�.57 R2�.40 R2�.38

Sex P�.003 P�.09 P�.03 P�.05 P�.003 P�.07 P�.001 P�.02

PCS NS NS NS NS P�.001 NS NS NS

Sleep quality NS P�.04 NS P�.01 NS P�.05 NS NS

Clinical pressure P�.05 P�.05 NS NS P�.001 P�.02 P�.05

% difference in R2 explained
by clinical variable

3 4 1 0 4 13 5 3

a Model 1: variables entered were sex, Pain Catastrophizing Scale (PCS) score, short-form Depression Anxiety Stress Scale (DASS-21) score, sleep quality,
composite numeric rating score for pain (NRS composite), and Brachial Plexus Pain Provocation (BPPT) test score. Only results for variables that reached
significance are shown. Model 2: variables entered were the same as for model 1 as well as clinical pressure pain score. All�whole cohort, NS�not
significant.
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pain sensitivity, immediate ice appli-
cation is associated with significant
pain; therefore, sustaining the ice
application may not be desirable for
such people. Other observed
responses during our testing
included persistence and referral of
pain after the removal of the ice in
some patients, perhaps indicative of
temporal summation or wind-up.
Given this finding, we favor the
5-second application to minimize
patient discomfort.

Finally, clinicians need to under-
stand that sensitivity to pain is mul-
tidimensional and multifactorial. The
simple clinical tests evaluated here
test one stimulus at a time. How this
information is processed and per-
ceived depends on a multitude of
factors mediated both peripherally
and centrally. Our models suggest
that clinicians also should assess fac-
tors such as pain catastrophization,
depression, and sleep quality, as
these factors potentially contribute
to pain sensitivity.

Clinicians can be confident that the
ice pain test is associated with labo-
ratory measures of CPT when used at
the neck, upper trapezius, and tibia-
lis anterior muscles. Further develop-
ment of the manual pressure pain
test is recommended before clini-
cians use this test as a substitute for
PPT. An alternate upper limb site to
the wrist should be considered in
future work investigating CPT and
ice pain test correlations. Other con-
tributions to quantitative measures
of pain sensitivity in this study were
pain catastrophization, sleep quality,
and sex.

Dr Rebbeck, Dr Hübscher, Mr Waller, Dr
Moloney, and Dr Beales provided concept/
idea/research design. All authors provided
writing. Dr Rebbeck, Dr Moloney, Ms
Azoory, Mr Waller, Ms Gibbons, and Dr
Beales provided data collection and study
participants. Dr Moloney and Dr Hübscher
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46 Battié MC, Videman T, Levalahti E, et al.
Heritability of low back pain and the role
of disc degeneration. Pain. 2007;131:272–
280.

47 Hakim AJ, Cherkas L, El Zayat S, et al. The
genetic contribution to carpal tunnel syn-
drome in women: a twin study. Arthritis
Rheum. 2002;47:275–279.

48 Zondervan KT, Cardon LR, Kennedy SH,
et al. Multivariate genetic analysis of
chronic pelvic pain and associated pheno-
types. Behav Genet. 2005;35:177–188.

49 Nielsen CS, Stubhaug A, Price DD, et al.
Individual differences in pain sensitivity:
genetic and environmental contributions.
Pain. 2008;136:21–29.

50 Hastie BA, Riley JL III, Kaplan L, et al. Eth-
nicity interacts with the OPRM1 gene in
experimental pain sensitivity. Pain. 2012;
153:1610–1619.

51 Young EE, Lariviere WR, Belfer I. Genetic
basis of pain variability: recent advances.
J Med Genet. 2012;49:1–9.

Clinical Ratings of Pain Sensitivity and Chronic Neck Pain

1546 f Physical Therapy Volume 95 Number 11 November 2015


