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Background. Quantitative sensory testing, including pressure pain threshold
(PPT), is seeing increased use in clinical practice. In order to facilitate clinical utility,
knowledge of the properties of the tool and interpretation of results are required.

Objectives. This observational study used a clinical sample of people with
mechanical neck pain to determine: (1) the influence of number of testing repetitions
on measurement properties, (2) reliability and minimum clinically important differ-
ence, and (3) associations between PPT and key psychological constructs.

Design. This study was observational with both cross-sectional and prospective
elements.

Methods. Experienced clinicians measured PPT in patients with mechanical neck
pain following a standardized protocol. Subcohorts also provided repeated measures
and completed scales of key psychological constructs.

Results. The total sample was 206 participants, but not all participants provided
data for all analyses. Interrater and 1-week test-retest reliability were excellent
(intraclass correlation coefficients [2,1]�.75–.95). Potentially important differences
in reliability and PPT scores were found when using only 1 or 2 repeated measures
compared with all 3. The PPT over a distal location (tibialis anterior muscle) was not
adequately responsive in this sample, but the local site (upper trapezius muscle) was
responsive and may be useful as part of a protocol to evaluate clinical change.
Sensitivity values (range�0.08–0.50) and specificity values (range�0.82–0.97) for
a range of change scores are presented. Depression, catastrophizing, and kinesio-
phobia were able to explain small but statistically significant variance in local PPT
(3.9%–5.9%), but only catastrophizing and kinesiophobia explained significant vari-
ance in the distal PPT (3.6% and 2.9%, respectively).

Limitations. Limitations of the study include multiple raters, unknown recruit-
ment rates, and unknown measurement properties at sites other than those tested
here.

Conclusions. The results suggest that PPT is adequately reliable and that 3
measurements should be taken to maximize measurement properties. The variance
explained by the psychological variables was small but significant for 3 constructs
related to catastrophizing, depression, and fear of movement. Clinical implications
for application and interpretation of PPT are discussed.
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New knowledge in the field of
mechanical neck pain and dis-
ability has necessitated an evo-

lution of assessment techniques for
the condition. This evolution has
been driven by consistent evidence
that the clinical presentation of neck
pain, including the intensity of symp-
toms and the magnitude of move-
ment restriction, are only weakly if at
all associated with findings of struc-
tural pathology using conventional
diagnostic imaging techniques (radi-
ography, MRI).1 Furthermore, recent
findings indicate that some types of
neck pain, most notably traumatic
(ie, whiplash-related) neck pain,
exhibit abnormal local and anatomi-
cally distinct mechanical and ther-
mal pain thresholds2,3 that may have
prognostic utility, especially when
sensitivity is identified distally,4,5 and
that challenge conventional under-
standings of the etiology of neck
pain. Lastly, psychology has pro-
vided consistent evidence that the
experience of neck-related pain and
disability is influenced by negative
emotional valence, either through
diagnosable emotional dysfunction
(eg, anxiety, depression, posttrau-
matic stress) or through more cogni-
tively oriented constructs such as
fear and catastrophizing.6,7 It has
become clear that assessment of the
person with neck pain must be con-
ducted through a diverse biopsycho-
social lens.

A recent survey8 suggests that
although rehabilitation professionals
appear to be aware of the biopsycho-
social influences on neck pain and
disability, relatively few are actively
capturing multidomain variables in
routine practice. In order to facilitate
adoption of multisystem assessment,
tools need to be clinically accessible,
valid, and reliable and provide rich
data with minimum burden. One
such tool that has received increas-
ing attention due to cost, safety, and
ease of use is assessment of pressure
pain threshold (PPT) through algom-

etry.9 The PPT represents a hybrid
test, falling somewhere between self-
reported paper-and-pencil type tools
and objective diagnostic techniques.
It provides a quantitative value on a
linear scale but is influenced by oper-
ator performance, patient cogni-
tions, and operator-patient interac-
tion. Despite these influences,
standardized protocols exist that can
provide potentially useful informa-
tion.10,11 Previous research indicates
that even novice raters can reliably
collect measurements of PPT in peo-
ple with neck pain12 and that PPT
may have prognostic utility, espe-
cially in the case of widespread
hyperalgesia.4,13

Previous PPT research intended for
clinical application has used the
mean of 3 measurements taken at
each site of interest, with measure-
ments usually separated by 1 min-
ute.3,14 If 3 measurements are taken
bilaterally at each of 2 sites (12 total
measurements), the entire protocol
takes 12 minutes or longer, arguably
too long for routine clinical use,
which begs the question of whether
the properties of PPT differ if fewer
measurements are taken at each site.
If so, clinical feasibility could be
improved. Furthermore, properties
such as test-retest reliability in a clin-
ical sample and the minimum clini-
cally important difference (MCID)
provide important guidance for
interpreting change scores but are
currently unavailable for use in clin-
ical samples with neck pain. Finally,
a state of general uncertainty
appears to exist regarding the mech-
anisms that explain reduced
mechanical pain threshold, that is,
the extent to which reduced PPT can
be explained by abnormal biological
processes or by a more general neg-
ative (psychological) orientation
toward pain. The purposes of this
study were: (1) to compare PPT val-
ues when using different clinical
measurement protocols at the local
(neck) and distal (lower leg) sites,

(2) to determine test-retest reliability
and responsiveness of PPT in a sub-
set clinical sample with mechanical
neck pain, and (3) to determine the
extent to which key psychological
constructs such as fear, catastrophiz-
ing, depression, and anxiety are asso-
ciated with PPT values in subsets of
people seeking rehabilitation for
mechanical neck pain.

Method
This study was a secondary analysis
of 3 existing databases. Participants
were recruited between May 2009
and December 2012 through 1 of 12
different outpatient orthopedic
physical therapy clinics across Can-
ada. Inclusion criteria were broad,
including pain in the region of the
neck, as evaluated through use of a
body diagram, that was not the result
of major systemic disease. In one
cohort, only people with acute trau-
matic etiology (eg, whiplash) were
targeted, whereas in the other 2
cohorts, no restrictions were placed
on cause or duration of the symp-
toms. Other inclusion criteria were
age 18 to 65 years and ability to read
and understand English at a conver-
sational level. People with serious
comorbidities, including cancer,
heart, liver, or kidney disease; blood
clotting disorders; or neuromuscular
disorders were excluded, as were
those who sustained a cervical frac-
ture or dislocation as a result of a
trauma.

In all cases, upon providing
informed consent, participants com-
pleted a general background ques-
tionnaire that captured age, sex,
cause and duration of symptoms, and
compensation or litigation status.
Validated self-report questionnaires
were used to measure pain intensity
(numeric rating scale [NRS])15 and
neck-related disability (Neck Disabil-
ity Index [NDI]).16 Subsets of the
overall sample also completed the
following questionnaires: Pain Cata-
strophizing Scale (PCS, n�114),17
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Tampa Scale for Kinesiophobia–11
(TSK, n�156),18 Hospital Anxiety
and Depression Scale (HADS,
n�105),19 and Fear of Pain Question-
naire–Short Form (FPQ, n�50).20

The PCS is a 13-item scale intended
to measure exaggerated negative ori-
entation toward pain. It is the most
widely used pain catastrophizing
scale currently available and has
shown adequate psychometric prop-
erties for use in people with a variety
of pain conditions, including neck
pain.6,21

The TSK is an 11-item self-report
scale that is intended to measure fear
of movement or of injury or reinjury.
Each item is scored on a 4-point scale
from “strongly disagree” to “strongly
agree.” It has shown good psycho-
metric function among a sample of
patients with neck pain of various
causes and durations.22

The HADS is a 14-item self-report
scale that consists of 2 subscales:
depression (HADSDep) and anxiety
(HADSAnx). It has proven adequately
valid for clinical and research use19,23

and is a commonly used scale in stud-
ies of musculoskeletal pain, includ-
ing neck pain.24

The FPQ is a 20-item self-report scale
that measures general fear of minor
pain (eg, cutting your tongue, get-
ting an injection) and major pain (eg,
being hit by a heavy object, having a
tooth drilled). Only the fear of minor
pain subscale was used for this
study, as it was deemed the most
relevant to our purposes. The scale
has been used in studies of pain-
related fear, including pain of mus-
culoskeletal origin.25

PPT Evaluation
Pressure pain threshold was assessed
bilaterally at the angle of the upper
fibers of the trapezius muscle (UFT,
local) and belly of the tibialis anterior
muscle (TA, distal) sites using a dig-

ital algometer (Wagner Instruments
FDX-25, Greenwich, Connecticut),
following the protocol described
previously.12 Briefly, a digital pres-
sure algometer was applied over the
standardized test sites with pressure
increasing at a rate of approximately
5 N/s. Participants were instructed
to tell the examiner the precise
moment the sensation changed from
pressure to slightly unpleasant pain.
The examiner then repeated the test
on the opposite side, and 3 tests of
each site were conducted with a
1-minute rest between tests. Both
the examiner and the participants
were blinded to the current pressure
while the testing was being con-
ducted by ensuring the digital read-
out screen was facing away from
both. Participants were seated for
testing the UFT site and were posi-
tioned supine with the feet flat on
the bed for testing the TA site. All
raters underwent a standardized
training program prior to initiating
data collection that included written
and video demonstrations and
required a demonstration of adher-
ence to the 5-N/s rate of application.
In total, 15 different raters were
involved in collecting data across the
3 databases. At the time, each rater
was enrolled in an advanced manual
and manipulative therapy training
program at Western University (Lon-
don, Ontario, Canada), enrollment in
which is restricted to those with at
least 3 years of orthopedic physical
therapist practice.

One subcohort was followed over
the course of 4 consecutive weeks,
each providing 5 data points (1 at
baseline, 1 weekly for the 4 subse-
quent weeks). At each of the subse-
quent visits, participants completed
a 15-point Global Perceived Rating of
Change (GPRC) asking them to indi-
cate whether their neck condition
had improved, worsened, or stayed
consistent over the previous week.
In the case of all but stable condi-
tions, they also indicated the extent

to which their condition had
changed (1�“almost the same”
through 7�“a very great deal”). The
GPRC was specifically chosen as on
omnibus indicator of overall change
in neck health status, recognizing
that this choice would necessarily
involve consideration of symptoms
and physical and emotional capacity.
Participants received physical ther-
apy treatment at the discretion of the
therapist between rating sessions.

A second subcohort was evaluated
by 2 independent raters. Both were
experienced orthopedic physical
therapists who had been trained in
performing PPT measurement. The
order of raters was randomized
through a coin flip, and the interval
between rating sessions was stan-
dardized to 5 minutes to allow time
for any minor redness to subside and
to prevent problems with temporal
summation of pressure sensitivity. In
all cases, the second rater was
blinded to the findings of the first
rater.

Data Analysis
In the interest of clarity, the analyses
conducted are described in terms of
the 3 purposes of the study.

Purpose 1: comparison of differ-
ent measurement protocols. Of
interest here was balance between
strong clinimetric properties (inter-
rater and test-retest reliability, equal-
ity of scores) and patient/clinician
burden. We hypothesized that the
mean of all 3 tests at both sites (mean
of 6 total values) would provide the
strongest measurement properties.
Therefore, the properties calculated
from all 3 measurements were com-
pared against the following measure-
ment protocols, each conducted
bilaterally: result of the first test only,
mean of the first 2 tests only, and
mean of the last 2 tests only (disre-
garding the first tests as “calibra-
tion”). Differences in the mean val-
ues obtained across each of the 4 test
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conditions (first test, first 2 tests, last
2 tests, all 3 tests) were evaluated
using a one-way repeated-measures
analysis of variance with Tukey post
hoc test to control for type I error.

Interrater agreement was evaluated
by calculating the random-effects
model intraclass correlation coeffi-
cient (ICC [2,1]) with 95% confi-
dence limits for each of the 4 condi-
tions. The data for evaluation of
test-retest reliability were drawn
from the longitudinal cohort
(n�50), including only those partic-
ipants who reported a weekly inter-
val in which the GPRC changed by
no more than 1 point (either no
change at all or almost the same),
suggesting a subjectively stable con-
dition over 1 week. An ICC (2,1)
value greater than .80 was consid-
ered adequate for clinical use.26 The
minimum detectable change at the
90% confidence level (MDC90) was
calculated from the ICC [2,1] and
standard deviations of the test-retest
difference for each protocol. A 95%
confidence interval (95% CI) was
subsequently calculated around the
MDC90 to facilitate comparison,
using the technique described by
Stratford and Goldsmith.27

Purpose 2: responsiveness of PPT.
A variety of methods have been
described for estimating responsive-
ness of a measure.28 For our pur-
poses, an anchor-based method was
used28,29 in which the first weekly
interval in the longitudinal subco-
hort was used to evaluate the ability
of PPT at the UFT and TA sites to
discriminate between participants
who reported change on the GPRC
of at least 3 points (at least some-
what better) from those who had not
changed by that amount. The deci-
sion of a cutoff score of 3 rather than
2 or 4 made the most clinical sense.
Change from time 1 (inception) to
time 2 (1 week later) was the inde-
pendent variable, and receiver oper-
ating characteristic (ROC) curves for

change at each of the 2 sites were
constructed, where meaningful
change was the dependent variable.
Area under the curve (AUC) was esti-
mated as an omnibus indicator of
responsiveness, with an AUC of 0.50
indicating no discriminative ability
beyond chance. Sensitivity, specific-
ity, and positive and negative predic-
tive values were calculated for a
range of cutoff scores to facilitate
clinical interpretation.

Purpose 3: concurrent associa-
tions between PPT and psycho-
logical constructs. An intercorre-
lation matrix using the Pearson r
statistic was constructed using PPT
at each site and NDI, NRS, FPQ–
minor pain, TSK, HADSDep, HADSAnx,
and PCS score, assuming no major
violations of normality. Where 2 or
fewer responses were missing on a
questionnaire, the responses were
imputed with the mean of all other
items on that tool. Where more than
2 responses were missing, the ques-
tionnaire was removed from the
analysis. Independent group com-
parisons also were conducted to
identify mean PPT differences
between levels of sex (male/female),
cause (traumatic/nontraumatic),
and duration of symptoms (�6
months/�6 months) using the Stu-
dent t test after assumptions of nor-
mality and equality of variance were
satisfied. In order to determine the
percent variance in PPT value that
could be explained by each of the
psychological constructs, a series of
hierarchical stepwise linear regres-
sion models was created. The sample
size was too small to evaluate the
influence of all variables in a single
model; therefore, each model was
constructed to determine the contri-
bution of each psychological vari-
able individually. Control variables
were chosen for known group differ-
ences (male/female, traumatic/atrau-
matic), known association with PPT
(NRS rating), or known heterogene-
ity within the sample (duration of

symptoms). After control variables
were entered, percent variance
explained (r2) and significance of the
change in F value when the psycho-
logical variable was added were used
to determine the relative value of
each variable. All analyses were con-
ducted using IBM SPSS version 20
software (IBM Corp, Armonk, New
York).

Sample Size Justification
Sample size is difficult to estimate
with observational studies; however,
the planned analyses provided
enough structure upon which to cal-
culate appropriate sample sizes for
some calculations. Walter and col-
leagues30 provided a robust mathe-
matical approach to estimating the
required number of participants for
reliability studies. The hypothesis
was that the test-retest reliability
would be lower than the interrater
reliability, estimated at ICC [2,1] of
.8, with a null hypothesis level set at
.4. Using these parameters, a sample
of 27 participants provided 80% sta-
tistical power with 95% confidence
(P�.05).

For the planned multiple linear
regression, regression models with 5
variables each (sex: male/female,
cause: traumatic/nontraumatic, dura-
tion: �6 months/�6 months, pain
intensity, and one psychological vari-
able) were created. Conservatively,
we estimated that 20% of the vari-
ance in PPT would be explainable by
the model with the lowest explana-
tory power. Using G*Power (version
3.1.2, University of Kiel, Kiel, Ger-
many)31 software, a minimum sam-
ple of 58 participants would be
required to identify an r2 value that
deviated significantly from zero,
with 95% confidence (P�.05) and
80% power (��0.20).

Role of the Funding Source
Parts of this research were funded by
an Alun Morgan grant from the Phys-
iotherapy Foundation of Canada and
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a Canadian Institutes of Health
Research Doctoral Fellowship, both
awarded to the lead investigator
(D.M.W.).

Results
The entire database included 206
individuals with neck pain (76%
female) of various causes and dura-
tions sampled from 6 outpatient
physical therapy centers. The modal
cause was motor vehicle accident
(44%). Of the full sample, 73 partic-
ipants were tested by 2 independent
raters at the same visit, and their data
were used in the evaluation of inter-
rater reliability, whereas data for 35
participants who showed at least
one stable weekly interval in their
condition were used to evaluate test-
retest reliability. Table 1 provides the
characteristics of the entire sample
and the 3 subsamples. Missing data
were identified in fewer than 2% of
all scale responses, requiring
removal of 3 forms’ data (2 PCS, 1
TSK) from the entire database.

Comparison Across
Measurement Protocols
Mean values of the 4 different mea-
surement combinations (first only,
first 2 only, last 2 only, all 3 tests)
showed potentially important differ-
ences (Figure). At both the UFT and
TA sites, using only the results of the
first test resulted in significantly
higher values than any of the other
combinations. Conversely, using the
mean of the final 2 tests resulted in
significantly lower values than any
other combination. At the TA and
UFT sites, all combinations differed
statistically from each other at the
P�.01 level. Although statistically
significant, none of the mean differ-
ences fell beyond the standard error
of measurement (SEM).

Table 2 shows the differences in
interrater and test-retest reliability
estimates across the 4 measurement
combinations. Interrater reliability
(ICC [2,1]) ranged from .85 (first test

only, last 2 tests only, TA site) to .89
(first 2 tests only, all 3 tests, UFT
site). One-week test-retest reliability
ranged from .75 (first 2 tests only,
UFT site) to .95 (all 3 tests, TA site)
with MDC90 varying accordingly
(80.2–139.0 kPa, UFT site; 31.7–65.8
kPa, TA site). The mean time to com-
plete all 3 tests was 13.5 minutes.

Taken together, the “all 3 tests” pro-
tocol showed the strongest measure-
ment properties and, therefore, was
used for all subsequent analyses.

Responsiveness
Using a GPRC change of at least 3
points, 13 of 50 participants changed
from week 1 to week 2 in the longi-
tudinal cohort. The ROC curves for
both UFT and TA percent change
suggested that PPT at the TA site was
unable to discriminate between par-
ticipants who had changed and
those who had not, with an AUC of
0.65 (95% CI�0.46–0.84). The PPT
at the UFT site showed a significant
ability to discriminate change status,
with an AUC of 0.76 (95% CI�0.57–
0.89). Table 3 provides the sensitiv-
ity, specificity, and predictive values
for a range of change scores between
50.0 and 221.5 kPa.

Associations Between PPT and
Psychosocial Variables
Table 4 provides the cross-sectional
associations between conditional
PPT at the 2 sites and the indepen-
dent variables of sex, duration,
cause, PCS, FPQ, HADS, and TSK.
The PPT values at the UFT site were
significantly higher in male partici-
pants, in those whose symptoms had
been present for greater than 6
months, and in those with nontrau-
matic injury mechanisms. The same
pattern was seen for PPT at the TA
site, with the exception of cause. Of
the psychological variables, only PCS
showed a significant cross-sectional
correlation with PPT at the UFT and
TA sites, being small and inverse
(�.24 and �.21, respectively).

Table 5 presents the unique variance
in PPT at either site that could be
explained by each of the psycholog-
ical variables after controlling for
sex, duration, cause, and pain inten-
sity. The 4 descriptive variables
together explained between 8.8%
and 17.3% of the variance in UFT
PPT, depending on the subcohort.
The PCS, HADSDep, and TSK scores
each led to a significant increase in
explanatory power over the base
model at the UFT. The strongest vari-

Table 1.
Characteristics of the Overall Sample and Subcohorts Used in This Study

Characteristic

Total
Sample

(N�206)

Interrater
Reliability

(n�73)
MCIDa

(n�50)

Sex (% female) 74.5 64.4 76.5

Age (y), X (range) 44.2 (18–65) 41.7 (19–65) 39.7 (18–64)

Symptoms �6 mo (%) 55.5 41.1 29.4

Cause (%)

Traumatic 54.9 41.1 55.0

Nontraumatic 45.1 58.9 45.0

Pain intensity (/10), X (range) 5.0 (0–10) 3.8 (0–9) 5.5 (1–9)

Neck Disability Index (/50), X (range) 15.3 (2–34) 11.3 (2–26) 15.3 (3–33)

a The data for test-retest reliability was a subgroup of the database used for the minimum clinically
important difference (MCID). This was the same subcohort that included the Fear of Pain
Questionnaire for analysis.

Clinical Pressure Pain Threshold Testing in Neck Pain

June 2014 Volume 94 Number 6 Physical Therapy f 831

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/94/6/827/2735600 by guest on 20 August 2022



Figure.
Mean and standard error of pressure pain threshold (PPT) values across the 4 testing protocols at the (top) upper fibers of the
trapezius muscle (UFT, local sites) and (bottom) belly of the tibialis anterior muscle (TA, distal sites). Lines denote significant
differences at the P�.01 level using repeated-measures analysis of variance.
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able was PCS scores, which
explained an additional 5.9% of vari-
ance in UFT PPT values. At the TA
site, only PCS and TSK scores led to
a significant increase in explanatory
power over the base model, explain-
ing an additional 3.6% and 2.0%,
respectively.

Discussion
Using a sample of 206 people with
neck pain of various causes and dura-
tions who appear to be representa-
tive of previous cohorts of people
seeking rehabilitation for neck pain,
potentially important measurement
properties were found when com-
paring across protocols. Use of a sin-
gle or only 2 repetitions led to worse
absolute and relative reliability esti-
mates that are potentially nontrivial
compared with use of the last 2 (dis-
regarding the first) or all 3 tests. The
one caveat here is in the case where
the first 2 measures varied by less
than the SEM as calculated in a pre-
vious article,12 which was 20.5 kPa
at the UFT site and 42.3 kPa at the TA
site. Under those conditions (not
shown), absolute and relative reli-
ability estimates were nearly identi-
cal to the “all 3 tests” protocol
(for UFT and TA, respectively:
interrater ICC�.89 and .87, test-
retest ICC�.83 and .95, and
MDC90�157.60 and 100.32 kPa)
with the potential benefit of time
savings. Of additional note is that the
SEM for the “all 3 tests” protocol in
this study was nearly identical at the
TA site compared with our previous
control group (42.3 kPa previous,
43.9 kPA current) but was consider-
ably higher in this sample with neck
pain (20.5 kPa previous, 66.9 kPa
current). The simple interpretation
is that people with neck pain repre-
sent a heterogeneous group that are
more labile in their pain sensitivity
about the neck.

Relying on only one measure
resulted in significantly higher group
mean values and worse reliability

estimates, especially across a 1-week
interval, which may miss important
changes in the clinical status of a
patient. The 1-week test-retest reli-
ability estimates in the clinical sam-
ple are novel findings that suggest
PPT at both the UFT and TA sites is
adequately stable over that period
when using the all 3 tests, only the
last 2 tests, or a conditional measure-
ment protocol. The interrater reli-
ability findings are in keeping with
the estimates found in a previous
study using an independent cohort,
reported as an ICC (2,1) value of .89
(versus .81) for the UFT site and .87
(versus .90) for the TA site.12

Clinicians also need to know a tool is
responsive to change when it
occurs. The GPRC was used to deter-
mine the ability of PPT at both sites
to identify change. Using this
approach, PPT at the TA site was not
responsive to global change in our
sample of people with neck pain,
with an area under the ROC curve
not statistically greater than parity
(0.5). However, PPT at the UFT site
did show a significant ability to
detect global change (AUC�0.76).
Using change scores within a clini-
cally reasonable range (between
approximately 50 and 220 kPa), PPT
appears to be more valuable for rul-
ing change in than for ruling it out.
This finding was demonstrated by
the considerably higher specificity
and negative predictive values
within this range. For example, only
8% of participants who did not
report improvement changed by at
least 83.85 kPa (specificity�0.92),
providing confidence that change of
at least that amount is unlikely to be
a false-positive result. However, 50%
of participants who did report
improvement changed by less than
83.85 kPa (sensitivity�0.50), leading
to a large proportion of false-
negative results. The simple interpre-
tation is that PPT may be one useful
aid in identifying change, but a deci-
sion of whether change has occurred Ta
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should be based on more than just
PPT. Interpretation of change scores
also should occur within the context
of the MDC90 of approximately 157
kPa. Stratford and Riddle32 recently
explored the paradox that arises
when normal statistical variation of a
measure exceeds clinically relevant
change scores, and readers are
directed to that article for greater
exploration of this paradox. For
comparison purposes, Fuentes and
colleagues33 estimated a clinically
relevant change in PPT of the lumbar
paraspinal muscles in healthy volun-
teers to be 1.16 kg/cm2, which
equates to roughly 113.9 kPa, a value
that would be reasonable in our sam-
ple of people with neck pain. Our
results also must be considered in
light of the indicator of change used
(ie, global perceived change). Global
perceived change requires the
respondent to consider all aspects of
neck-related health, not just pain or
function. It is possible that different
responsiveness estimates may have
been found using a different change
anchor.

There are 2 broad schools of thought
regarding the mechanisms of
reduced pain threshold. One school
of thought is that mechanical hyper-
algesia represents some biological
change in nociceptive processing,
such as increased permeability of
peripheral mechanosensitive nocice-
ptive afferents34,35 or increased prop-
agation (reduced inhibition) of cen-
tral nociceptive pathways.36–38 The
other potential mechanism is psy-
chological—people who are gener-
ally more “pain averse” or in an emo-
tionally negative state might be more
apt to halt a pain threshold test early
than would those who are more
stoic in the face of pain.

Although it is likely that both biolog-
ical and cognitive mechanisms inter-
act to influence the point at which a
patient opts to label a sensation as
painful, the results of this analysis

Table 3.
Sensitivity (Sn), Specificity (Sp), Positive (PPV) and Negative (NPV) Predictive Values
Normalized to a 50% Pretest Likelihood of Improvement, and Positive (PLR) and
Negative (NLR) Likelihood Ratios for Different Change Thresholds at the Upper
Fibers of the Trapezius Muscle (UFT) Site Using the “All 3 Tests” Protocola

Change (kPa) Sn Sp PPV NPV PLR NLR

50.04 0.50 0.82 0.46 0.84 2.78 0.61

62.50 0.50 0.85 0.50 0.85 3.33 0.59

76.51 0.50 0.87 0.55 0.85 3.85 0.57

81.62 0.50 0.90 0.60 0.85 5.00 0.56

83.85 0.50 0.92 0.67 0.86 6.25 0.54

85.18 0.42 0.92 0.63 0.84 5.25 0.63

94.52 0.33 0.92 0.57 0.82 4.13 0.73

107.42 0.25 0.92 0.50 0.80 3.13 0.82

124.77 0.17 0.92 0.40 0.78 2.13 0.90

143.46 0.08 0.92 0.25 0.77 1.00 1.00

166.36 0.08 0.95 0.33 0.77 1.60 0.97

221.52 0.08 0.97 0.50 0.78 2.67 0.95

a The comparator was a Global Perceived Rating of Change change of 3 points (“somewhat better”) or
greater.

Table 4.
Differences and Associations for Pressure Pain Threshold (PPT) at the Upper Fibers of
the Trapezius Muscle (UFT) and Tibialis Anterior Muscle (TA) Sites and the
Descriptive and Psychological Variables Measured in This Studya

Categorical Variables UFT PPT X (SD) TA PPT X (SD)

Sex

Male (n�49) 422.2 (199.3) 583.6 (280.1)

Female (n�157) 295.8 (158.1)b 370.6 (177.0)b

Duration

�6 mo (n�94) 295.1 (164.7) 381.7 (209.7)

�6 mo (n�112) 348.5 (181.6)c 444.9 (232.5)c

Cause

Traumatic (n�113) 300.8 (164.9) 399.2 (222.1)

Nontraumatic (n�93) 343.5 (184.7)c 437.6 (227.0)

Continuous Variables r (P) r (P)

NDI (n�206) �.25 (�.01)b �.21 (�.01)b

NRS (n�206) �.09 (.21) �.08 (.27)

PCS (n�114) �.24 (.01)c �.21 (.03)c

FPQ–minor pain (n�50) .04 (.78) .22 (.12)

HADSDep (n�105) .17 (.09) .01 (.98)

HADSAnx (n�105) .06 (.55) �.01 (.89)

TSK (n�156) �.13 (.12) �.06 (.45)

a Differences in the categorical variables were analyzed using an independent-samples t test.
Associations with the psychological variables were analyzed using the Pearson r correlation coefficient.
NDI�Neck Disability Index, NRS�numeric rating scale, PCS�Pain Catastrophizing Scale, FPQ�Fear of
Pain Questionnaire–short form, HADSDep�Hospital Anxiety and Depression Scale depression subscale,
HADSAnx�Hospital Anxiety and Depression Scale anxiety subscale, TSK�Tampa Scale for
Kinesiophobia.
b Difference or association is significant at the P�.01 level.
c Difference or association is significant at the P�.05 level.
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provide an estimate of the role that
psychological factors alone play in
this pathway. Accordingly, it would
appear that such factors play a rather
small and arguably trivial role. The
factor with the strongest contribu-
tion to the explanatory models, after
controlling for sex, cause, duration,
and pain intensity, was pain-related
catastrophizing. Although the
increase in explanatory power was
statistically significant at the UFT
site, the absolute value of 5.9% of
unique variance in PPT is not large in
practical terms. At the TA (anatomi-
cally distinct) site, the results were
even more equivocal; the PCS and
TSK were the only variables that pro-
vided a significant increase in
explanatory power, and both were
of small magnitude (�4%). Although
we are unable to comment on the
biological mechanisms of PPT, these
results suggest that the psychologi-
cal factors of pain catastrophizing,
fear of pain, fear of movement or of
injury or reinjury, general depres-
sion, and general anxiety do not
appear to play a large role in influ-
encing PPT measurement.

These findings are in keeping with
those of Rivest and colleagues,39

who found no significant relation-
ship between PCS and local PPT in a
sample of 37 people reporting neck
pain in the acute stage following a
motor vehicle accident. The magni-
tude of the correlation between PCS
and PPT at the neck in that report
(r��.22) was nearly identical to that
found in the current study (r��.24).
Such findings also are consistent
with quantitative sensory testing in
other conditions. George and Hirsh40

evaluated the association among
pain-related fear, catastrophizing,
and performance on a cold pressor
task in 59 patients with shoulder
pain. Modest associations were
reported between fear of pain and
cold pressor performance of the
magnitude of r�.28 to .38, whereas
no significant association was found

with pain catastrophizing. Similarly,
George and colleagues41 evaluated
the associations between fear-
avoidance beliefs and catastrophiz-
ing with thermal pain sensitivity in a
sample of 33 patients with chronic
low back pain. Sex was the only
unique individual factor to explain
variance in thermal pain tolerance,
explaining 38% of that measure. Of
note was that an alternative measure
of nociceptive system function, tem-
poral summation, was more strongly
associated with the psychological
variables. A model including sex and
catastrophizing was able to explain
63% of overall summation pain vari-
ance. It is possible, therefore, that
the association between psychologi-
cal variables and quantitative sensory
testing differs by the mode of stimuli
application. The current study also
demonstrated differences in PPT by
sex (female participants lower than
male participants), duration (acute
and subacute lower than chronic),
and mechanism of injury (traumatic
lower than nontraumatic). These
findings are consistent with previous
research3,42–44 but do little to help
explain the mechanism or identify
potential treatment targets.

The question of mechanism remains
unanswered, and it is likely that mul-
tiple factors converge to influence a
patient’s decision to label a stimulus
as painful. Biology, psychology, and
the environmental context all likely
play a role, perhaps with one medi-
ating the effect of another. Inte-
grated models that include cognitive,
biological, and contextual variables
in the same analysis provide an inter-
esting direction for further investiga-
tion in this field. In addition, the rel-
ative value of PPT for clinical
decision making compared with
other clinical techniques to assess
components of nociceptive func-
tion, such as temporal summation
(ie, “wind-up” pain) or effectiveness
of the descending nociceptive inhib-
itory pathways through conditioned
pain modulation, has yet to be empir-
ically explored.

There are limitations that must be
considered when interpreting these
results. Perhaps the most important
limitation is that the data for these
analyses were drawn from 3 inde-
pendent cohort studies, collected by
15 different raters across the studies.
Although all raters were experi-
enced clinical physical therapists

Table 5.
Percentage of Variance in Pressure Pain Threshold (PPT) at the Upper Fibers of the
Trapezius Muscle (UFT) and Tibialis Anterior Muscle (TA) Sites Explained by Each of
the Psychological Variables After Controlling for the Effects of Sex, Chronicity, Cause
of Symptoms, and Pain Intensity Using Forward Hierarchical Multiple Linear
Regressiona

Measure

Unique Variance Explained (P)

UFT PPT TA PPT

PCS (n�108) 5.9 (.01) 3.6 (.03)

HADSDep (n�105) 4.4 (.03) 0.0 (.87)

TSK (n�156) 3.9 (.01) 2.9 (.02)

HADSAnx (n�105) 1.1 (.27) 0.2 (.57)

FPQ (n�50) 0.4 (.64) 1.9 (.28)

a The value in parentheses is the P value associated with the change in F value when each variable was
added to the 3 base descriptive variables equation. PCS�Pain Catastrophizing Scale, FPQ�Fear of Pain
Questionnaire–short form, HADSDep�Hospital Anxiety and Depression Scale depression subscale,
HADSAnx�Hospital Anxiety and Depression Scale anxiety subscale, TSK�Tampa Scale for
Kinesiophobia. Note that with the exception of the 2 HADS subscales, each psychological variable was
captured in a slightly different cohort.
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and were trained in proper applica-
tion of the protocol, it is not beyond
reason to believe a systematic bias
may exist in the actual application
between raters. Despite rigorous
attempts at standardization, PPT is
still an inherently subjective measure
and as such should be subject to all
biases associated with subjective
measurement of pain. These biases
include the participant-rater relation-
ship, environment, and level of dis-
traction, among others. Although
there is little doubt that these biases
influenced the results of some partic-
ipants, the degree of concern is tem-
pered somewhat by a belief that
such bias would have attenuated our
findings and have hence led to overly
conservative estimates of reliability.
In a more controlled environment,
the reliability estimates and associa-
tions reported here would likely be
stronger rather than weaker, but
these results provide a snapshot of
the properties of this tool in a real-
world environment. Related to this
limitation, the data available on num-
ber of patients screened versus num-
ber eligible were inadequate to cal-
culate recruitment ratio, allowing
the potential of selection bias to
have influenced the results. Another
limitation is inherent to all observa-
tional study designs: only those vari-
ables that were collected can be
found to be predictive of the depen-
dent variable in linear regression. In
other words, these results can only
shed light on the associations
between the scales used and the PPT
values.

The results are only as strong as the
scales used, and there may well be
other psychological variables that
can explain greater variance. Simi-
larly, it is possible that a suprathresh-
old or pain tolerance test (maximum
tolerable pain) may have led to asso-
ciations of a different magnitude
with the psychological constructs
than the pain threshold tests used
here. This suggestion has found

empirical support using thermal
stimuli of the trunk and extremities45

and may also hold for neck pain. This
is an avenue worth considering for
those interested in using supra-
threshold testing. Given the cross-
sectional nature of the regression
design, the study cannot provide evi-
dence for cause-and-effect beyond
strength of the association and bio-
logic plausibility. Longitudinal
designs or randomized trials are bet-
ter suited for this purpose. Finally, it
is possible that the angle of the UFT
is not the most sensitive area in all
people with neck pain, which may
have reduced assay sensitivity, but
for research purposes, a standard-
ized testing location facilitates
interpretation.

This study was conducted to address
important pragmatic gaps in knowl-
edge about PPT measurement. The
results suggest that clinicians should
expect to conduct 3 trials of PPT at
each site, although 2 trials may be
adequate when the first 2 trials vary
by less than the SEM. This protocol
provides adequate interrater and
test-retest reliability for use in clini-
cal practice and research. Local
(UFT) PPT appears to be a useful tool
for measuring change over time, but
distal (TA) PPT is not useful for this
purpose. Providing sensitivity and
specificity for different magnitudes
of change facilitates interpretation of
change scores. Pain catastrophizing,
general depression, and fear of
movement or of injury or reinjury
may explain some of the variance in
PPT at the local (UFT) site but less so
at the distal (TA) site, and none are
strong enough to suggest that chang-
ing cognition will lead to apprecia-
ble change in PPT. At a correlation of
magnitude r��.25, it does not
appear that self-reported pain inten-
sity on an NRS and PPT are redun-
dant but that both may provide cli-
nicians with a better understanding
of different aspects of a patient’s
pain experience. Clinicians are

encouraged to consider both NRS
and PPT when conducting a full
assessment of patients with neck
pain.
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