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Background. Cluster analysis can be used to identify individuals similar in profile
based on response to multiple pain sensitivity measures. There are limited investi-
gations into how empirically derived pain sensitivity subgroups influence clinical
outcomes for individuals with spine pain.

Objective. The purposes of this study were: (1) to investigate empirically derived
subgroups based on pressure and thermal pain sensitivity in individuals with spine
pain and (2) to examine subgroup influence on 2-week clinical pain intensity and
disability outcomes.

Design. A secondary analysis of data from 2 randomized trials was conducted.

Methods. Baseline and 2-week outcome data from 157 participants with low back
pain (n�110) and neck pain (n�47) were examined. Participants completed demo-
graphic, psychological, and clinical information and were assessed using pain sensi-
tivity protocols, including pressure (suprathreshold pressure pain) and thermal pain
sensitivity (thermal heat threshold and tolerance, suprathreshold heat pain, temporal
summation). A hierarchical agglomerative cluster analysis was used to create sub-
groups based on pain sensitivity responses. Differences in data for baseline variables,
clinical pain intensity, and disability were examined.

Results. Three pain sensitivity cluster groups were derived: low pain sensitivity,
high thermal static sensitivity, and high pressure and thermal dynamic sensitivity.
There were differences in the proportion of individuals meeting a 30% change in pain
intensity, where fewer individuals within the high pressure and thermal dynamic
sensitivity group (adjusted odds ratio�0.3; 95% confidence interval�0.1, 0.8)
achieved successful outcomes.

Limitations. Only 2-week outcomes are reported.

Conclusions. Distinct pain sensitivity cluster groups for individuals with spine
pain were identified, with the high pressure and thermal dynamic sensitivity group
showing worse clinical outcome for pain intensity. Future studies should aim to
confirm these findings.
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Response to the management of
musculoskeletal pain is highly
variable, and individual factors

such as pain sensitivity (eg, response
to standard experimental stimuli) are
being considered as important com-
ponents in explaining this variation.
Pain sensitivity has received consid-
erable attention within physical ther-
apist research and practice, espe-
cially in relation to diagnosis and
intervention.1–4 Studies have been
conducted to examine whether pain
sensitivity differentiates individuals
with and without a musculoskeletal
pain condition, gives indication to
the underlying pain mechanisms, or
is related to treatment response. For
example, recent evidence has shown
enhanced pain sensitivity at areas
remote to the primary area of com-
plaint in select groups of individuals
with common pain complaints in
the spine,5–9 upper extremity,10–13

and lower extremity,14–18 implicat-
ing alterations in central nervous
system (CNS) processing (eg, central
sensitization) as a component of the
musculoskeletal pain condition.

Although enhanced localized pain
sensitivity would be expected in a
peripherally sensitized state, the
spreading of enhanced pain sensitiv-
ity to areas beyond the local site (eg,
remote anatomical regions) would
suggest central sensitization, which
more closely reflects conditions
such as fibromyalgia and may indi-
cate a higher likelihood of unrespon-
siveness to traditional treatment
strategies.19–21 Some authors22 have
conceptualized that certain pain con-
ditions, such as fibromyalgia, tem-
poromandibular disorders, and head-
ache, may be appropriately described
as “central sensitivity syndromes.”22

Other authors23,24 have suggested
that pain conditions progress along
a continuum, where central sensiti-
zation is the final common pathway
for the development and mainte-
nance of chronic symptoms. These
considerations are relevant for clini-

cal decision making, especially if
treatment modalities are shown to
be impactful in reducing pain sensi-
tivity or halting the progression of
central sensitization. Studies on the
effects of spinal manipulation have
shown a favorable, immediate
response to pain sensitivity, high-
light a potential pain modulation
mechanism for the clinical benefits
following manual therapy applica-
tion, and may be an early indication
of the utility of spinal manipulation in
settings where reducing pain sensitiv-
ity is a goal.25–29

Although evidence is emerging on
pain sensitivity, the clinical rele-
vance of best measurement for pain
sensitivity in individuals with com-
mon musculoskeletal pain condi-
tions remains unclear.19,30 Height-
ened local and remote pain
sensitivity have been observed in
groups of individuals with musculo-
skeletal pain conditions, but the
associations between individual pain
sensitivity responses and clinical
reports of pain and disability are not
strong.31,32 Furthermore, there is lim-
ited evidence that pain sensitivity
can be used to predict treatment out-
come.33 There are potential reasons
for these limitations. First, inter-
individual variability in pain sensi-
tivity has been observed among
patients with similar musculoskeletal
pain presentation. Among a sample
of patients with shoulder pain, we
observed heightened generalized
pain sensitivity in some patients,
but not all, compared with healthy
controls.11 We concluded that there
is heterogeneity in pain sensitivity
responses within a clinical condi-
tion, but the extent to which these
individual differences in pain sensi-
tivity affect clinical outcome remains
undetermined.

A second reason is related to pain
sensitivity measurement. Pain sensi-
tivity can be measured through a
variety of methods where aspects of

the measure such as stimulus modal-
ity (ie, pressure, heat), location of
stimulation (ie, local to pain com-
plaint, remote), and desired response
(ie, threshold, tolerance) can be
modified. There is not a strong asso-
ciation between the different pain
sensitivity modalities.34 Further-
more, there is no standardized form
of pain sensitivity assessment, so
results are not easily comparable.30

One potentially relevant measure-
ment distinction worth noting is
between static and dynamic mea-
sures.35 Static pain sensitivity mea-
sures, including pain threshold or
tolerance, are considered reflective
of the basal state of pain perception
and often involve application of a
single standard stimulus to deter-
mine sensory function. An example
of this measure is pain threshold,
where a single pressure stimulus is
applied until an individual reports
the first onset of pain.

Conversely, dynamic pain sensitivity
measures are reflective of the modu-
lation or processing of pain and
involve paradigms where repetitive
stimuli are applied and the degree
of pain facilitation or inhibition is
inferred dependent on the dynamic
paradigm.24,36,37 An example of
dynamic pain sensitivity is temporal
summation, where a repetitive stim-
ulus is applied to the individual
and successive pain responses are
obtained. There is evidence to sug-
gest that dynamic pain sensitivity
measures have an association with
clinical pain and can be more infor-
mative than static measures in assess-
ing the pain experience.32,35,38–42

The apparent upside of dynamic
pain sensitivity, however, must be
tempered by limitations that include
poor stability over time and uncer-
tainty how direct pain ratings infer
alterations in spinal nociceptive
processing.43,44

Few previous studies have investi-
gated subgrouping based on pain
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sensitivity. Cluster analysis offers the
advantage of examining responses
across multiple pain sensitivity mea-
sures of different parameters and
modalities and may overcome limita-
tions of using single pain sensitivity
measures. Moreover, a cluster analy-
sis approach is in conformity with
recommendations encouraging use
of multimodal pain sensitivity assess-
ments.34 The resultant pain sensitiv-
ity subgroups can be assessed for
differences in demographic and clin-
ical measures. Previous studies using
cluster analysis on pain sensitivity
measures have focused on groups
of healthy individuals or individuals
with chronic pain conditions such
as fibromyalgia.45–48 For example,
Hastie et al47 performed a cluster
analysis using both static and
dynamic measures in individuals
who were asymptomatic and found
that a dynamic measure of temporal
summation differentiated subgroups.
Kindler et al48 identified a subgroup
of healthy individuals with differing
response patterns to opioids, which
resulted in a unique effect on tempo-
ral summation. Collectively, these
studies provide preliminary evidence
that differing pain sensitivity profiles
within groups of individuals exist,
with dynamic measures being a
potential distinguishing subgroup
factor. We sought to advance this
line of study by examining pain
sensitivity profiles in a clinical pop-
ulation of individuals with musculo-
skeletal pain.

Thus, the primary aims of this study
were: (1) to identify pain sensitivity
subgroups using cluster analysis
within a sample of individuals with
neck or low back pain and (2) to
validate these empirically derived
pain sensitivity subgroups on demo-
graphic, psychological, and 2-week
clinical outcome measures. We
included static and dynamic pain
sensitivity measures as clustering
variables and hypothesized that a
subgroup of individuals would be

differentiated based on responses to
static or dynamic measures, which
is consistent with prior studies.47,48

Furthermore, we hypothesized that
the pain sensitivity subgroups would
be differentiated by clinical outcome
but that these subgroups would
demonstrate similar psychological
distress.11 Specifically, we expected
a high pain sensitivity subgroup to
not differ on pain-associated psycho-
logical distress measures but to have
worse clinical outcomes compared
with a subgroup with lower pain
sensitivity.

This study was a translational effort
to bridge a gap between laboratory-
based efforts and clinical applica-
tion. Our overall goal was to identify
pain sensitivity subgroups that could
serve as prognostic factors or treat-
ment monitoring tools in future clin-
ical studies.

Method
Design Overview
We conducted a secondary analysis
of data from 2 randomized con-
trolled trials involving participants
with low back pain (NCT01168999)
and neck pain (NCT01168986). Both
randomized controlled trials investi-
gated the effects of manual therapy
intervention over a 2-week period.
Data from these trials had not been
published at the time of manuscript
submission.

Setting and Participants
Participants were recruited from the
campus of the University of Florida
and the surrounding communities
with the use of posted flyers and
electronic advertisement from Novem-
ber 2009 until December 2012. For
the low back pain trial, participants
were considered eligible if they
were: (1) between the ages of 18
and 60 years, (2) English-speaking,
(3) currently experiencing low back
pain that did not extend below the
knees and of a clinical pain intensity
of 4/10 or higher during the previous

24 hours, and (4) deemed appropri-
ate for conservative treatment. Par-
ticipants were excluded from enroll-
ment into the low back pain trial
if they met any of the following:
(1) previous surgery for low back
pain within previous 6 months,
(2) systemic disease known to cause
peripheral neuropathy, (3) current
or history of chronic pain condition
unrelated to low back pain, and
(4) fracture as a cause of low back
pain.

For the neck pain trial, participants
were considered eligible if they
were: (1) between the ages of 18
and 60 years, (2) English-speaking,
(3) currently experiencing neck pain
with or without associated arm pain
extending below the elbow and of
a clinical pain intensity of 4/10 or
higher during the previous 24 hours,
and (4) deemed appropriate for
conservative treatment. Participants
were excluded from enrollment into
the neck pain trial if they met any
of the following: (1) previous sur-
gery for neck pain within the previ-
ous 6 months, (2) systemic disease
known to cause peripheral neuropa-
thy, (3) current or history of chronic
pain condition unrelated to neck
pain, (4) fracture as a cause of neck
pain, and (5) history of whiplash
injury or trauma as a cause of the
current neck pain.

Demographic and Clinical
Characteristics
Participants completed a standard
demographic questionnaire (eg, age,
sex, pain duration) and psychologi-
cal measures. The psychological
measures included the Pain Catastro-
phizing Scale (PCS), Fear-Avoidance
Beliefs Questionnaire (physical activ-
ity subscale [FABQ-PA] and work
subscale [FABQ-W]), and 11-item
Tampa Scale of Kinesiophobia
(TSK-11). These measures have
shown good psychometric proper-
ties in participants with clinical
pain.49 The PCS is a 13-item self-
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report questionnaire (score�0–52)
that measures thoughts on various
pain experiences, where higher
scores indicate higher levels of pain
catastrophizing.50 The FABQ-PA is a
4-item subscale (score�0–24) and
the FABQ-W is a 7-item subscale
(score�0–42) where higher levels
on both subscales indicate higher
fear-avoidance beliefs.51 The TSK-11
is a shortened version of the 17-item
questionnaire and measures fear of
movement (total score: 11–44).52

Higher scores on the TSK-11 indicate
higher levels of fear of movement.

Clinical pain intensity was measured
using the Patient-Centered Outcome
Questionnaire (PCOQ).53,54 The
PCOQ includes a numeric rating
scale of 0 (“none”) to 100 (“worst
imaginable”) for usual levels of pain
over the previous week. Clinical dis-
ability also was measured using the
Oswestry Disability Questionnaire
(ODQ, for the low back pain trial)
or Neck Disability Index (NDI, for
the neck pain trial).55,56 The ODQ
and NDI are 10-item questionnaires
where each item is scored on a
6-point scale from 0 to 5. Both of
these measures were computed to
a score from 0% to 100%, where
higher scores indicate greater per-
ceived disability.

Pain Sensitivity
Pain sensitivity assessment included
pressure and thermal pain sensitiv-
ity.34 The anatomical location of
assessment varied based on trial
enrollment. For the low back pain
trial, pain sensitivity assessment was
obtained at the lower extremity
(foot), and for the neck pain trial, the
upper extremity (forearm or hand)
was used. These extremity locations
were selected as standard measure-
ment locations for several reasons.
These extremity locations are within
the general area of tissue innervated
by regions of pain complaint and in
which intervention was applied.25,29,57

Furthermore, extremity locations are

not as sensitive as the trunk, and indi-
viduals have reported difficulty in
distinguishing between thermal test-
ing parameters (eg, initial and
delayed pain) in the trunk
region.29,58 Finally, changes in pain
sensitivity in regions of dermatome
innervation following intervention
have been observed previously.25,29

All pain sensitivity assessments were
conducted on the dominant-side
extremity.

Static pressure pain sensitivity.
Measurements of pressure pain sen-
sitivity were collected using a hand-
held algometer (Pain Diagnostics &
Treatment, Great Neck, New York)
with a 1-cm2-diameter probe. For
participants with low back pain,
pressure pain sensitivity was mea-
sured at the webspace between the
first and second toes, and for partic-
ipants with neck pain, pressure pain
sensitivity was measured at the web-
space between the first and second
fingers. A standard force of 6 kg was
applied to all participants at a rate of
1 kg/s. Participants were instructed
to report a pain rating for the 6-kg
stimulus using a 10-cm mechanical
visual analog scale anchored with 0
meaning “no pain” and 100 mean-
ing “most intense pain sensation
imaginable.” Because this was a
non–threshold-based measurement,
we termed this measurement supra-
threshold pressure pain.

Static thermal pain sensitivity:
threshold and tolerance. Thermal
heat pain sensitivity was assessed
using a computer-controlled Neuro-
Sensory Analyzer (TSA-2001, Medoc
Ltd, Ramat Yishai, Israel) with a
Peltier-element-based stimulator.
Two thermal static procedures
(threshold and tolerance) and one
dynamic procedure (temporal sum-
mation) were performed. The base-
line temperature for thermal static
procedures was approximately 35°C.
For the static procedures, tempera-
ture increases occurred at a rate of

0.5°C/s, and the site of stimulus
application was at the dorsum of
the foot (low back pain) or anterior
forearm (neck pain). For thermal
heat threshold, participants were
instructed to notify the assessor
when the temperature sensation
changed from a warm sensation to
pain. For thermal heat tolerance, par-
ticipants were instructed to notify
the assessor when the temperature
sensation became so painful they
could no longer tolerate it. A total
of 2 trials were conducted for each
static procedure, and the average
temperatures for thermal heat
threshold and tolerance were
calculated.

Dynamic thermal pain sensitivity:
temporal summation. Thermal
temporal summation was assessed
at the plantar surface of the foot
(low back pain) or palm of the hand
(neck pain) with the same experi-
mental setup as for static thermal
pain sensitivity. We measured ther-
mal temporal summation using an
established protocol where each par-
ticipant experienced 10 consecutive
heat pulses that rose rapidly (approx-
imately 10°C/s) from a baseline of
35°C to a maximum of 51°C at an
interstimulus frequency of 0.33 Hz
(eg, approximately 3-second interval
between stimulus peaks).59,60 For
each heat pulse, participants were
instructed to rate the pain intensity
on a 101-point numeric rating scale
where 0 represented “no pain” and
100 represented “worst pain imagin-
able.” Furthermore, participants
were encouraged to focus on the
“second pain,” which was a delayed
pain intensity following the initial
onset of heat. Pain ratings associated
with this temporal summation proto-
col are moderately reliable within a
single testing session but have lower
reliability across sessions.43 Two
dynamic pain sensitivity measure-
ments were obtained using this
protocol. Temporal summation was
computed as the highest pain rating
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after the first pulse minus the pain
rating of the first pulse.61 Addition-
ally, the fifth pulse pain rating,
termed suprathreshold heat pain,
also was used as a measure of
dynamic pain sensitivity, as this mea-
sure has been shown to be associ-
ated with clinical pain ratings.39

Procedure
After providing informed consent,
all participants commenced with
standardized questionnaires and pain
sensitivity testing. Randomization
occurred after baseline testing was
completed. All intervention proce-
dures were provided by a licensed
physical therapist. Participants in the
low back pain study (NCT01168999)
were randomly assigned to receive
a spinal manipulation to the lumbar
spine, a placebo spinal manipula-
tion, or no treatment. Participants in
the neck pain study (NCT01168986)
were randomly assigned to receive a
mechanical manual therapy interven-
tion to the cervical spine, a cervical
spine exercise (supine chin retrac-
tion), or no treatment. Participants
in each study who received manual
therapy, exercise, or placebo were
seen for 6 sessions over 2 weeks, and
participants who received no treat-
ment were seen for 2 sessions over
2 weeks. Follow-up measurements of
clinical pain intensity and disability
were obtained on all participants by
the intervention provider at the com-
pletion of the 2-week period.

Data Analysis
Data were analyzed with IBM SPSS
Statistics for Windows, version 20
(IBM Corp, Armonk, New York).
Descriptive statistics were com-
puted for the entire sample for
demographic characteristics, psy-
chological measures, pain sensitivity,
and clinical outcome. For all analy-
ses, alpha was set at the .05 level for
statistical significance.

Prior to conducting cluster analysis,
raw scores for the pain sensitivity

measures were transformed to z
scores for standardization. Because
the pain sensitivity measures were
tested at different body regions for
each clinical cohort (eg, lower
extremity for low back pain, upper
extremity for neck pain), z scores
were computed within each group
separately prior to combining into
one z score measure. This procedure
was performed to avoid any poten-
tial differences in responses based
on testing region alone. Any
observed differences in pain sensitiv-
ity among clinical cohorts could
then be attributed to clinical condi-
tion, not testing location. Thus,
pain sensitivity responses in the
lower extremity were standardized
to other responses in the lower
extremity, and those in the upper
extremity were standardized to
other responses in the upper extrem-
ity. Additionally, 2 pain sensitivity
measures (thermal heat threshold
and tolerance) were reflected prior
to z score transformation for ease
of interpretation of cluster group-
ings. Thus, when interpreting the
cluster graph, higher scores would
indicate higher pain sensitivity for all
measures.

We conducted an exploratory hierar-
chical agglomerative cluster analysis
using Ward’s clustering method and
squared Euclidean distances to iden-
tify unique subgroups based on pain
sensitivity measures. The optimal
cluster solution was identified based
on statistical and theoretical criteria.
We examined the resultant dendro-
gram and schedule of agglomeration
coefficients as well as considering
pain sensitivity cluster groupings
from previous publications.45,47,48 To
validate our cluster groupings, we
performed 2 follow-up analyses.
First, discriminant function analysis
with cross-validated classification
was performed to determine accu-
racy of cluster group classification
from the cluster analysis. Second,
a one-way analysis of variance

(ANOVA) with Bonferonni post hoc
correction was used for descriptive
purposes to determine the composi-
tion of the cluster groups from the
pain sensitivity responses.

Cluster group differences in base-
line demographic, psychological,
and clinical factors also were exam-
ined with separate one-way ANOVAs
with Bonferonni post hoc correction
for continuous variables and chi-
square test for categorical variables.
To determine differences in clinical
outcome, we examined an estimate
of percent change. We were primar-
ily interested in whether groups dif-
fered in meeting an a priori cutoff
score for clinical outcome. Thus,
we used a 30% change in clinical
pain intensity and disability as a
measure of successful outcome. A
30% change in clinical outcome has
been used as a clinically meaningful
criterion in previous studies.62,63 Fre-
quencies of individuals within each
cluster group meeting a 30% change
in outcome were examined along
with crude and adjusted odds ratios
as a measure of effect size. Odds
ratios were adjusted for other poten-
tial prognostic factors such as age,
sex, pain duration, and baseline pain
intensity and disability.

Role of the Funding Source
This study was supported by the
University of Florida Research
Opportunity Fund. Mr Coronado
was supported by NIH T32 Inter-
disciplinary Training in Rehabilita-
tion and Neuromuscular Plasticity
grant 5T32HD043730. Dr Bialosky
received support from the Rehabili-
tation Research Career Development
Program (5K12HD055929-02).

Results
Descriptive
Data from 157 participants were
included in these analyses. Descrip-
tive results for demographic charac-
teristics, psychological measures, pain
sensitivity, and clinical outcome are
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presented in Table 1. The entire sam-
ple consisted of 110 participants
with low back pain and 47 with neck
pain.

Pain Sensitivity Clusters
Transformation of pain sensitivity
raw scores to z scores was done
prior to cluster analysis. Based on
inspection of the dendrogram and
plotted agglomeration coefficients,
a 3-cluster solution was deemed
appropriate (Figure). Cluster 1 was
labeled “high pressure and thermal
dynamic sensitivity” (n�40) and
included individuals with higher sen-
sitivity for suprathreshold responses
(pressure and heat) and thermal
temporal summation. Cluster 2 was

labeled “high thermal static sensitiv-
ity” (n�59) and included individuals
with higher sensitivity for thermal
heat threshold and tolerance. Cluster
3 was labeled “low pain sensitivity”
(n�50) and included individuals
with low sensitivity for all pain sen-
sitivity measures.

Validation of the cluster solution
was performed first using discrimi-
nant function analysis with 5 predic-
tors simultaneously entered into
analysis: suprathreshold pressure pain
(Wilks ��.78, P�.001), thermal heat
threshold (Wilks ��.61, P�.001),
thermal heat tolerance (Wilks ��.59,
P�.001), suprathreshold heat pain
(Wilks ��.78, P�.001), and tempo-

ral summation (Wilks ��.70, P�.001).
Two discriminant functions were
extracted, with significant results for
the overall test for functions 1 and 2
(�10

2 �226.42, P�.001, Wilks ��.21)
and for the test for function 2
(�4

2�79.49, P�.001, Wilks ��.58).
Collectively, these findings indicate
that both functions discriminate
among the cluster groups. Func-
tions 1 and 2 accounted for 64%
(canonical correlation�.80) and 42%
(canonical correlation�.65), respec-
tively, of the total relationship
between predictors and cluster
groups. Table 2 presents the discrim-
inant function coefficients for each
of the predictors within each func-
tion and illustrates the relative and
absolute relationships between the
predictors and discriminant func-
tion. For function 1, the strongest
relationship was observed with ther-
mal heat tolerance followed by the 2
thermal dynamic measures, and the
weakest relationship was observed
with thermal heat threshold. Classi-
fication using cross-validation dem-
onstrated that the functions were
able to correctly classify 86.6% of the
3 cluster groups (98.0% of the low
pain sensitivity group, 89.8% of the
high thermal static sensitivity group,
67.5% of the high pressure and ther-
mal dynamic sensitivity group).

Subgroup Differences in Pain
Sensitivity
One-way ANOVA results for differ-
ences between pain sensitivity mea-
sures among the 3 cluster groups as
a second step for validation are pre-
sented in Table 3 along with differ-
ences in other baseline factors. Sig-
nificant differences among groups
were noted for all pain sensitivity
measures (P�.05). Compared with
the other 2 cluster groups, the low
pain sensitivity group had higher
scores for thermal heat threshold
and tolerance and lower scores for
suprathreshold heat pain and tempo-
ral summation (P�.05), suggesting
less sensitivity to these stimuli.

Table 1.
Demographic Characteristics, Psychological Measures, Pain Sensitivity, and Clinical
Outcome for Individuals With Spine Pain (N�157)a

Characteristic Value

Demographic

Age (y) 32.2 (12.0)

Sex (% female) 73.2

Pain duration (wk) 199.1 (352.3)

Psychological

PCS 14.8 (10.7)

FABQ-PA 12.7 (5.1)

FABQ-W 8.8 (7.8)

TSK 22.1 (5.6)

Pain sensitivity

Suprathreshold pressure pain (�/100) 2.8 (4.0)

Thermal heat threshold (°C) 43.7 (2.6)

Thermal heat tolerance (°C) 47.8 (1.8)

Suprathreshold heat pain (�/100) 31.3 (22.9)

Temporal summation 11.0 (14.1)

Clinical

Pain intensity (�/100)

Baseline 40.2 (22.2)

2 wk 28.7 (22.6)

Disability (�/100)

Baseline 19.7 (12.0)

2 wk 16.1 (11.5)

a Values are X (SD) unless otherwise indicated. PCS�Pain Catastrophizing Scale, FABQ-PA�Fear-
Avoidance Beliefs Questionnaire physical activity subscale, FABQ-W�Fear-Avoidance Beliefs
Questionnaire work subscale, TSK�Tampa Scale of Kinesiophobia.
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Lower scores for suprathreshold
pressure pain were observed in the
low pain sensitivity group in compar-
ison with the high pressure and ther-
mal dynamic sensitivity group (P�.05)
but not when compared with the
high thermal static sensitivity group
(P�.05). The high pressure and
thermal dynamic group had higher
scores on all 5 pain sensitivity mea-
sures compared with the high ther-
mal static sensitivity group (P�.05),
which suggests higher relative sensi-
tivity to pressure and thermal dynamic
stimuli but not to thermal static stimuli
in the high pressure and thermal
dynamic sensitivity group.

Subgroup Differences in
Demographics and Psychological
Status
No baseline demographic or psycho-
logical differences were noted
among the cluster groups, except for
a difference in sex between the high

thermal static sensitivity group and
the low pain sensitivity group, with
a relatively higher proportion of
female participants seen in the for-
mer group (P�.05) (Tab. 3).

Subgroup Differences in
Clinical Outcome
Lower baseline pain intensity was
reported in the low pain sensitivity
group (P�.05), but a similar differ-

ence in 2-week pain intensity was
noted only when compared with the
high pressure and thermal dynamic
pain sensitivity group (P�.05)
(Tab. 3). We observed differences in
the proportion of individuals within
each group meeting a 30% clinical
pain intensity change (�2�6.90,
P�.05), with a higher proportion of
individuals in the low pain sensitivity
group (63%) meeting this criterion

Figure.
Cluster subgroups based on pain sensitivity measures. Data for thermal head threshold and tolerance are reflected. Higher z scores
denote higher pain sensitivity for all measures.

Table 2.
Standardized Canonical Coefficients and Correlation (Pooled Within-Group)
Coefficients of the Pain Sensitivity Variables of the Discriminant Function

Pain Sensitivity Measure

Function 1 Function 2

Standardized
Coefficient

Correlation
Coefficient

Standardized
Coefficient

Correlation
Coefficient

Suprathreshold pressure pain .53 .36 .46 .24

Thermal heat threshold �.47 �.45 .33 .62

Thermal heat tolerance �.72 �.39 .76 .75

Suprathreshold heat pain .66 .49 .27 .14

Temporal summation .66 .38 .39 .19
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compared with the high pressure
and thermal dynamic sensitivity
group (34%) but not when com-
pared with the high thermal static
sensitivity group (51%). No differ-
ences were observed in the propor-
tion of individuals in each group
meeting a 30% change in disability
(�2�1.90, P�.05). The proportions
of individuals meeting this criterion
for disability were 40% for the low
pain sensitivity group, 35% for the
high thermal static sensitivity group,
and 26% for the high pressure and

thermal dynamic sensitivity group.
Crude and adjusted odds ratios for
pain sensitivity status on pain inten-
sity and disability outcome are pre-
sented in Tables 4 and 5, respec-
tively. After controlling for potential
confounding factors, lower odds for
achieving a successful pain outcome
were still associated with the high
pressure and thermal dynamic sensi-
tivity group.

Discussion
We performed a cluster analysis on
pain sensitivity responses in a group
of individuals with spine pain and
found 3 subgroups of individuals
who differed in response to pressure
and thermal stimuli. We confirmed
our initial hypothesis and noted that
these groups included a low pain
sensitivity group, a high thermal
static sensitivity group, and a high
pressure and thermal dynamic sensi-
tivity group. These groups were dis-
tinguished by stimulus modality,

Table 3.
Baseline Demographic Characteristics, Psychological Measures, and Pain Sensitivity Factors Based on Pain Sensitivity Subgroupsa

Variable

High Pressure and
Thermal Dynamic
Sensitivity Group

(n�40)

High Thermal Static
Sensitivity Group

(n�59)

Low Pain
Sensitivity Group

(n�50) P b

Demographic

Age (y) 34.2 (12.1) 29.8 (10.7) 33.5 (13.4) .42

Sex (% female)c 72.5 88.1 60.0 �.05

Pain duration (wk) 197.0 (358.0) 215.1 (355.4) 171.1 (347.5) .82

Site of pain (% LBP) 74.0 77.5 64.4 .32

Psychological

PCS 15.1 (12.3) 15.6 (10.1) 13.3 (10.2) .54

FABQ-PA 12.4 (5.2) 13.2 (5.2) 12.3 (5.0) .60

FABQ-W 9.6 (9.3) 9.4 (7.0) 7.8 (7.3) .47

TSK-11 23.3 (5.6) 22.2 (5.5) 21.4 (5.5) .31

Pain sensitivity

Suprathreshold pressure pain (�/100) 5.7 (1.0) 2.3 (0.3) 1.0 (0.1) �.05

Thermal heat threshold (°C) 43.4 (0.3) 42.0 (0.3) 45.8 (0.2) �.05

Thermal heat tolerance (°C) 47.9 (0.3) 46.5 (0.2) 49.2 (0.1) �.05

Suprathreshold heat pain (�/100) 49.4 (3.9) 32.0 (2.4) 16.3 (2.1) �.05

Temporal summation 21.0 (3.1) 10.1 (1.3) 3.9 (1.0) �.05

Clinical

Pain intensity (�/100)

Baselined 47.1 (24.0) 42.2 (20.6) 31.6 (21.0) �.05

2 wke 39.3 (23.6) 29.4 (22.4) 19.9 (19.2) �.05

Disability (�/100)

Baseline 21.5 (14.8) 20.0 (11.0) 17.9 (11.3) .38

2 wk 17.8 (11.4) 16.8 (11.9) 13.8 (11.2) .22

a Values are X (SD) unless otherwise indicated. LBP�low back pain, PCS�Pain Catastrophizing Scale, FABQ-PA�Fear-Avoidance Beliefs Questionnaire
physical activity subscale, FABQ-W�Fear-Avoidance Beliefs Questionnaire work subscale, TSK�Tampa Scale of Kinesiophobia.
b Italicized P values denote significance.
c Difference in sex between high thermal static sensitivity group and low pain sensitivity group (P�.05).
d Difference in baseline pain intensity between high pressure and thermal dynamic sensitivity group and low pain sensitivity group (P�.05) and between
high thermal static sensitivity group and low pain sensitivity group (P�.05).
e Difference in 2-wk pain intensity between high pressure and thermal dynamic sensitivity group and low pain sensitivity group (P�.05).
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namely whether measures were
static or dynamic, a similar finding
found in participants who were pain-
free.47 Furthermore, we found sup-
port for our second hypothesis
through observation of a differential
subgroup association with clinical
pain intensity outcome but not dis-
ability or psychological factors. The
specificity of this finding (ie, pain
sensitivity specific to pain intensity)
is noteworthy and in need of further
consideration in studies.

Few investigations have examined
patient subgroups based on pain sen-
sitivity measures, particularly in mus-
culoskeletal pain conditions com-
monly seen in physical therapy. In a
recent study, Borsbo et al45 exam-
ined pain sensitivity subgroups using
static pain sensitivity measures in a
group of women with chronic
whiplash-associated disorder. They
found 2 pain sensitivity subgroups
within the clinical sample, where the
higher pain sensitive subgroup dem-
onstrated a worse clinical picture
(ie, higher pain intensity) than the
less sensitive subgroup. Further-
more, when compared with a pain-
free cohort, only the higher pain sen-
sitive group had significantly greater
pain sensitivity. In our current study,
we had a similar general finding of
differing pain sensitivity among indi-
viduals with spine pain (eg, less sen-
sitive and more sensitive); however,
we also observed subgroup differ-
ences in the higher pain sensitive
subgroups dependent on static and
dynamic pain sensitivity measures.

Only 2 previous studies, to our
knowledge, have incorporated static
and dynamic pain sensitivity proce-
dures via cluster analysis.47,48 These
studies examined responses within
a sample of healthy individuals and
showed that a dynamic measure of
temporal summation was a distin-
guishing variable among subgroups.
We also found comparable findings
where dynamic pain sensitivity mea-

sures can differentiate among sub-
groups. Given our current results,
we suggest incorporating both static
and dynamic pain sensitivity mea-
sures when determining pain pro-
files, as dynamic measures appear
to distinguish among individuals
with a similar clinical presentation.
Moreover, our group with enhanced
dynamic pain sensitivity showed
poorer clinical pain intensity out-
come than our group with low pain
sensitivity. This finding adds support
to the potential clinical relevance
of dynamic pain sensitivity measures
as opposed to static pain sensitivity
measures alone.

Our results further highlight the
potential uniqueness of elevated
pain sensitivity within a clinical pop-
ulation. We did not observe sub-
group differences in psychological
status or area of chief pain complaint
(eg, neck or low back pain). We pre-

viously observed a similar finding in
our study with individuals with
shoulder pain who exhibited differ-
ing pain sensitivity profiles but did
not differ on psychology.11 These
findings suggest that pain sensitivity
may reflect distinct aspects of the
pain experience not redundant with
psychology or reflective of the sub-
type of pain condition. This finding,
however, is not definitive. Some
investigators46,47,64 have observed
differences in psychological factors
between pain sensitivity subgroups,
in contrast to our current observation.

There is evidence suggesting pain
sensitivity is predictive of clinical
outcome and a potential prognostic
factor of interest.42,65 The influence
of pain sensitivity corresponds most
highly to pain-related outcomes such
as clinical pain intensity and is sup-
ported in the current study where
individuals in the high pressure and

Table 4.
Influence of Pain Sensitivity Subgroup on Pain Intensity Outcome (Proportion of
Individuals Meeting 30% Change)a

Variable
Crude OR
(95% CI) P b

Adjusted OR
(95% CI)c P b

Pain sensitivity cluster �.05 �.05

LPS 1.0 1.0

HTSS 0.6 (0.3, 1.4) 0.6 (0.3, 1.4)

HPTDS 0.3 (0.1, 0.8) 0.3 (0.1, 0.8)

a HPTDS�high pressure and thermal dynamic sensitivity, HTSS�high thermal static sensitivity, LPS�low
pain sensitivity, OR�odds ratio, 95% CI�95% confidence interval.
b Italicized P values denote significance.
c Adjusted for age, sex, pain duration, and baseline pain intensity.

Table 5.
Influence of Pain Sensitivity Subgroup on Disability Outcome (Proportion of
Individuals Meeting 30% Change)a

Variable
Crude OR
(95% CI) P

Adjusted OR
(95% CI)b P

Pain sensitivity cluster .39 .44

LPS 1.0 1.0

HTSS 0.8 (0.4, 1.8) 0.8 (0.3, 1.9)

HPTDS 0.5 (0.2, 1.3) 0.5 (0.2, 1.4)

a HPTDS�high pressure and thermal dynamic sensitivity, HTSS�high thermal static sensitivity, LPS�low
pain sensitivity, OR�odds ratio, 95% CI�95% confidence interval.
b Adjusted for age, sex, pain duration, and baseline disability.
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thermal dynamic sensitivity group
showed higher pain intensity ratings
and a lower proportion of individu-
als achieving a clinically meaningful
pain outcome. The association
between subgroup status and pain
outcome did not change after con-
trolling for other prognostic vari-
ables and seems robust enough for
further investigation. The relation-
ship between pain sensitivity and
disability is not as clear. Given the
lack of association between pain
sensitivity subgroup and disability
outcome, we regard other factors as
more influential in driving disability-
related outcomes (ie, psychological
status). For example, Beneciuk et
al66 subgrouped individuals with low
back pain based on fear-avoidance
measures and showed an influence
of psychological subgroup on both
pain and disability outcome. Find-
ings such as these are consistent
with the fear-avoidance model of
pain and support the need to incor-
porate both psychology and pain
sensitivity in the assessment of mus-
culoskeletal pain.67,68

This study has limitations to con-
sider. We included data from 2 sep-
arate randomized trials with short-
term outcome (eg, trial conclusion at
2 weeks) and used an analytical anal-
ysis strategy appropriate for prog-
nostic studies. This study was an ini-
tial attempt to determine whether
pain sensitivity subgroups can be
identified and the extent to which
they are related to clinical outcome
as justification for their use as a prog-
nostic factor in future studies. Fur-
ther investigation of these pain sen-
sitivity clusters as an additional
prognostic factor within stronger
study designs is warranted. For
example, quality features of a prog-
nostic study in the future that inves-
tigate these subgroups would need
to include long-term follow-up,
incorporation of an inception cohort,
and blinding of examiners. We did
not examine a specific response to

a particular intervention through
interaction effects due to lack of
power. Thus, our results of differing
subgroup influence on outcome are
best interpreted as a potential prog-
nostic influence with no direct effect
from specific treatment (eg, manual
therapy). Although not reported in
this study, preliminary analyses from
the randomized trials suggest no
significant differences in clinical out-
come among the multiple arms of
the randomized trials. It also is
important to note that the propor-
tion of those individuals with neck
or low back pain did not differ
between subgroups; thus, subgroup
differences cannot be attributed to
pain complaint location.

In addition, because we used 2 dif-
ferent spine pain conditions, we
standardized assessment and analy-
ses of the data to include only pain
sensitivity locations within a
dermatome-related region for each
of the clinical conditions. We did not
have data related to certain clinical
characteristics such as referral pat-
tern of low back pain (eg, pain dis-
tribution), other coexisting areas of
pain complaint, or alternative mea-
sures of pain intensity (ie, resting
pain, pain with specific movements).
These data may provide indications
of severity of condition or potential
neurologic involvement. Addition-
ally, we did not perform assessments
to identify neuropathic injury or dis-
ease, which could be associated with
the aberrant sensory findings in this
study. We did exclude participants
who reported pain complaints
extending past the elbow (neck
pain) or knee (low back pain) and
other current chronic pain condi-
tions. Although we cannot confirm
individuals did not have neuropathic
symptoms, the subjective criteria
indicate that individuals were with-
out neuropathic injury or disease.
Our current study did not include a
control, nonpatient sample, so we
are unable to discuss the relevance

of the differences in pain sensitivity
compared with a healthy population
or to determine the presence of
altered sensitization.

Our study attempted to examine
whether pain sensitivity subgroups
can be distinguished in individuals
with similar pain complaints and
whether there is a differential impact
on clinical outcome based on sub-
group status. These results suggest
that a subgroup of individuals with
heightened dynamic pain sensitivity
have a worse pain intensity clinical
outcome. Efforts are needed to
develop clinically feasible pain sensi-
tivity protocols that include multiple
stimulus modalities and are able to
deliver static and dynamic parame-
ters. Additionally, future research
should focus on how subgroups with
differing responses to experimental
stimuli could direct physical therapy
treatment or interact with specific
physical therapy treatments to
improve clinical outcome rates.
These efforts have been initiated
with clinical factors69–71 as well as
psychological factors.71–74 Future
research will determine whether
subgroup-based intervention strate-
gies based on pain sensitivity can
be used to better direct clinical
management. For example, previous
studies have indicated manual ther-
apy reduces static and dynamic mea-
sures of pain sensitivity,26 but these
therapies have not been targeted to
a subgroup of patients with height-
ened dynamic pain sensitivity pro-
files to determine whether larger
treatment effects are observed.

In conclusion, subgroups of individ-
uals with differing response to
experimental stimuli exist in patients
with spine pain, and subgroup status
is associated with differential
improvement in pain intensity but
not disability. Future research should
investigate whether screening pro-
cedures can identify pain sensitivity
subgroups and whether manage-
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ment can be modified based on pain
sensitivity status.
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