J Rehabil Med 2014; 46: 553-560

ORIGINAL REPORT
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Objectives: To determine factors, including pain intensity,
associated with pressure pain sensitivity in chronic non-
specific neck pain and with changes after therapeutic inter-
ventions.

Methods: This re-analysis used pooled data from 7 rand-
omized controlled clinical trials. Pressure pain thresholds
were assessed at the hand and at the site of maximal pain in the
neck region before and after different non-pharmacological
interventions. Age, gender, neck pain intensity and duration,
mental health, expectancy and time interval between meas-
urements were used to determine factors influencing pressure
pain thresholds as well as pressure pain threshold changes.
Results: A total of 346 patients (77 males, 269 females, mean
age 52.6 years (standard deviation 12.0 years)) were includ-
ed in study, 306 of whom provided a complete data-set for
analysis. Pressure pain thresholds at the neck area or the
hand did not correlate with pain intensity. Changes in pres-
sure pain thresholds correlated with time between measure-
ments, indicating time-sensitive changes.

Discussion: No coherent correlations between pressure pain
thresholds and pain intensity were found. Further research
is needed to evaluate the relationship between pain intensity
and pressure pain thresholds before its use as a valid substi-
tute of pain rating can be supported. Until then, the results
of trials with respect to using pressure pain thresholds as an
outcome variable must be interpreted with care.
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INTRODUCTION

Neck pain is a major public health problem with a mean lifetime
prevalence of 50% (1). It is associated with more than 10%
of work absenteeism, and disabling neck pain is reported by
approximately 5% of adults (2).

© 2014 The Authors. doi: 10.2340/16501977-1815

Many studies of neck pain have been published in the past
decade (3—11). Most studies have utilized self-reported out-
comes, namely pain intensity on visual analogue or numeric
rating scales, together with outcomes reflecting function and
quality of life. Such self-reported outcomes have been criti-
cized, as insufficient blinding might increase the risk of bias
(12).

There are numerous physiological measures that are consid-
ered a valuable addition, as process variables or even alterna-
tives to self-reported outcomes. A measure proposed in the con-
text of chronic neck pain is the pressure pain threshold (PPT),
i.e. the threshold distinguishing the feeling of mechanical
pressure from that of painful pressure. Pressure pain sensitivity
has been used to quantify hyperalgesia to mechanical stimuli
in clinical settings and in clinical and experimental research. It
is considered a valuable diagnostic tool to distinguish patients
with different underlying aetiology or to predict treatment
responses. For example, elevated responses to pressure pain
in the acute stage of whiplash-associated disorders (WAD)
have demonstrated predictive value to identify patients likely
to have poor functional recovery (13); however, other studies
suggest no or only limited predictive value (14).

The relationship between subjective pain reports and PPT,
however, has not yet been established; results from previous
studies indicate that such correlation might exist. For example,
studies have found prominent differences in PPT in patients
with neck pain compared with healthy controls. Patients with
chronic WAD not only showed lower PPT (15-17), but also
lower heat and cold pain thresholds at the neck area (16).
Increased pressure pain sensitivity at remote areas, such as
the tibialis muscle (15-17), also indicated alterations in cen-
tral pain processing (17). Neck pain intensity was negatively
correlated with cervical PPT in acute (18) or chronic WAD
(17). Since the responses to pressure pain were predictive for
functional recovery, the use of PPT was recommended for acute
WAD (13). No significant associations between psychological
factors and PPT have been found for chronic WAD (17).

For chronic non-specific neck pain without traumatic onset,
PPT was lower in patients than in controls at the neck (15, 19,
20), and over the median and ulnar nerves (19); and on the
tibialis muscle using an experimentally induced pain paradigm
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(21). PPT at the masseter muscles showed some correlation
with pain intensity and duration (20), and a low correlation
between cervical PPT and pain-related disability has also been
observed (15). Contrary to WAD, anxiety and depression seem
to influence PPT in patients with non-specific neck pain (21).

Changes in PPT have further been used to indicate treatment
effects. Increased PPT was observed after exercise (11, 22),
manual therapy (23) or thrust manipulation (24); however,
only one study found a direct correlation between changes in
pain intensity and PPT of the painful area (11).

Based on the above referred literature, there are hints that
pain intensity and PPT are correlated. This re-analysis of 7
randomized controlled trials (RCT) aimed to determine factors,
including pain intensity, associated with PPT in patients with
chronic non-specific neck pain.

METHODS
Design

This re-analysis used pooled data from 7 RCTs conducted at the
Department of Complementary and Integrative Medicine, Faculty of
Medicine, University of Duisburg-Essen in Essen, Germany (3-9).
All studies had been approved by the local ethics committee prior to
patient recruitment and all patients had given written informed consent
prior to inclusion in the study.

Patients

Inclusion criteria were: chronic non-specific neck pain for at least
5 days/week for at least 3 consecutive months; mean pain intensity
of 40—45 mm on a 100-mm visual analogue scale (VAS). Exclusion
criteria were: presence of neck pain caused by traumatic, inflam-
matory, rheumatological or malignant diseases; serious physical or
mental disorders (cancer, polyneuropathy, diabetes mellitus, psychosis,
severe depression, etc.). Patients were further allowed non-steroidal
pain medication and physiotherapeutic interventions, if the treatment
regimen had not been altered for 4 weeks prior to the trials and were
continued unaltered during the trials. However, patients who had
had invasive treatments, such as injections or acupuncture within 4
weeks or surgery within 12 months prior to the trial, were excluded.
More information on additional inclusion criteria can be found in the
original reports (3-9).

Interventions and control groups

The following therapies were evaluated in the included trials: heat
pad application (3), yoga (5), and different types of cupping therapy,
namely wet cupping (7), dry cupping (6), cupping massage (8, 9) and
pulsating cupping (4). Therapies included 1 (7), or multiple treat-
ments (3—-6, 8, 9), therapeutic interventions at the clinic (4-7, 9) or
home-based application (3, 8). Time between measurements ranged
from 4 (7) to 84 days (8). Control groups received usual care (3, 4, 6,
7, 9), progressive muscle relaxation (8) or home-based exercise (5).

QOutcomes

PPT were measured using a digital algometer (Somedic AB, Horby,
Sweden) with a 1 cm? probe. Pressure was ramped up by 40 kPa/s (5,
8) or 50 kPa/s (3,4, 6, 7, 9) until the patient indicated a perception of
pain in addition to pressure alone by using the push-button connected to
the algometer. The algometer allowed monitoring of the applied ramp
on the display by giving the assessor a visual feedback to adjust the
increase in pressure. When the patient used the push-button, the display
froze and showed the exact results. PPT was determined 3 times in a
row at intervals of approximately 30 s at the individual site of maximal
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pain in the neck and trapezius region and near the primary pain area
within the same dermatome, as well as at the patient’s right thenar emi-
nence (i.e. the C6 dermatome) at pre- (PPT_neck pre, PPT hand_pre)
and post-intervention (PPT neck post, PPT hand post). If patients
had bilateral pain, the side with the higher pain levels was chosen for
measurement. The means of 3 measurements for each location were
used for analysis. For determination of treatment-induced changes the
difference between pre- and post-intervention measure was calculated
for each patient (PPT_neck diff, PPT hand_diff).

PPT measurements were conducted by different assessors across
the studies; however, initial and repeated measurements were always
conducted by the same researcher. All assessors had been trained and
supervised by the same investigators (RL, HC). Previous studies sug-
gested that inter-rater reliability of PPT is very good with intraclass
correlations from 0.75 to 0.91 (25, 26).

Age (years), gender (0 —male, 1 — female) and pain duration (years)
were registered in all patients at pre-intervention.

Current neck pain intensity was measured on a 100-mm VAS, with
100 mm being “the worst pain imaginable” (27) pre- (VAS_pre) and
post-intervention (VAS_post). Also, difference scores were calculated
by subtracting the pre- from the post-score (VAS_diff). A negative
difference between pre- and post-intervention indicates improvement,
with larger difference scores indicating larger improvements. VAS
and PPT are inversely related, i.e. lower VAS and higher PPT at post-
intervention indicate changes in the same direction.

Expectation was measured on a 100-mm VAS, with 100 mm being
the “highest expectation in treatment efficacy” at pre-intervention
(Expectation). Although the VAS for expectation has not been strictly
validated in research studies, it is often used in clinical trials.

Mental health was measured using the Mental Health Index (MHI)
at pre- (MHE pre) and post-intervention (MHI_post). The MHI is a
subscale of the 36-item Short Form health survey (SF-36) (28) and
consists of 5 items that measure mental health status (range 0-100). It
is seen as a valid measurement of major depression (29) with a cut-off
0f 59/60 points. In this re-analysis the baseline (MHI_pre) and the dif-
ference score (MHI_diff) were used as indicators of mental health (29).

Finally, the time between measurements, i.e. the number of days
between pre- and post-intervention measurements, was also deter-
mined.

Statistical analysis

The following analyses were conducted:

1. Cross-sectional analyses: the association between baseline data
(age, gender, pain duration, expectation, VAS pre, MHI pre) and
PPT neck pre and PPT hand pre was regressed.

2. Longitudinal analyses: the association between baseline data
(age, gender, pain duration, expectation, VAS pre, MHI pre) and
PPT _neck _post and PPT_hand_post was regressed for all patients
and for patients in the intervention group alone.

. Longitudinal analyses: the association between baseline data (age,
gender, pain duration, expectation, VAS pre, MHI pre) and time
between measurements, and PPT_neck diffand PPT hand_diff was
regressed for all patients and for patients in the intervention group
alone.

4. The multivariate correlation pattern based on differences in PPT,
VAS, MHI together with age, pain duration, gender and expectation
was investigated.

. Differences in variables that separated the 2 groups (intervention
vs control group) were regressed.

w

W

All statistical analyses were performed using SPSS software (ver-
sion 20.0; IBM Inc., New York, USA) and SIMCA-P+ (Version 13.0;
Umetrics Inc., Umed, Sweden); a probability of <0.05 (2-tailed) was
considered significant in all tests. In tables and the text, mean values
and 1 standard deviation (£ 1 SD) are given.

For cross-sectional analysis of baseline scores data of all patients
were included, but for longitudinal analyses only data from patients
with complete baseline and post-intervention scores were included.
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For investigating the multivariate correlation patterns principal
component analysis (PCA) and partial least squares or projection to
latent structures (PLS-OPLS/O2PLS) were applied using SIMCA-
P+. For a more detailed discussion concerning the relevance of these
methods in the context of human pain sensitivity see our previous
studies of chronic WAD and chronic neck pain (17, 21). Briefly,
PCA can be viewed as a multivariate correlation analyses. The PCA
implemented in SIMCA-P+ (in contrast to the simpler form in SPSS)
includes cross-validation in order to secure stable results and a special
algorithm (NIPALS) for handling missing data. Classical methods
assume variable independence among the regressors when interpret-
ing the results of regression analyses, e.g. multiple linear regression
(MLR). PLS, in contrast to MLR, can handle and take advantage of
multi-collinearity (i.e. high correlations) among the X-variables, which
was expected in the present study.

PCA using SIMCA-P+ was used to extract and display systematic
variation in a data matrix. If necessary, variables were log transformed
before statistical analysis. A cross-validation technique was used to
identify non-trivial components. Variable loading on the same compo-
nent are positively correlated, and variables with high loadings but with
different signs are negatively correlated. Variables with high loadings
that had a 95% confidence interval not exceeding zero were considered
significant. Hence, the most important of these were those with high
absolute loadings. Significant variables with high loadings (positive or
negative) are more important for the component under consideration
than variables with lower absolute loadings. The obtained components
are, by definition, not correlated and are arranged in decreasing order
with respect to explained variation (R?). R? describes the goodness
of fit; the fraction of sum of squares of all the variables explained by
a principal component. Q? describes the goodness of prediction; the
fraction of the total variation of the variables that can be predicted by
a principal component using cross-validation methods. In the present
study PCA was carried out in order to investigate the presence of multi-
variate outliers and multivariate correlation patterns. Outliers were
identified using the 2 powerful methods available in SIMCA-P+: score
plots in combination with Hotelling’s T2 (identifies strong outliers)
and distance to model in X-space (identifies moderate outliers). Strong
outliers were excluded from the subsequent analyses.

Partial least square regression (PLS) (i.e. PLS-OPLS/O2PLS) was
used for the multivariate regression analysis. The importance of the
variables is measured as a variable influence on projection (VIP)
value. This indicates the relevance of each X-variable pooled over all
dimensions and Y-variables; the group of variables that best explain
Y. VIP > 1.0 was considered significant. VIP values between 0.80 and
1.0 were considered as borderline significant. Coefficients (PLS scaled
and centred regression coefficients) were used to note the direction of
the relationship (positive or negative).

MLR could have been an alternative method, but this assumes
that the regressor (X) variables are independent. If multi-collinearity
(i.e. high correlations) occurs among the X-variables, the regression
coefficients become unstable and their interpretability breaks down.

MLR also assumes that a high subject-to-variables ratio is present (e.g.
>35), which is not required for PLS. In fact PLS can handle subject-
to-variables ratios <1.

RESULTS

Sample description

The sample in this cross-sectional analysis consisted of 346
patients; 77 males and 269 females. The intervention group
consisted of 171 patients; the corresponding figure for the
control group was 175 (Table I). Longitudinal analyses were
based on 306 patients; the other 40 patients (11.6%) were lost
to follow-up, with the majority reporting scheduling problems
or lost interest. A few patients also dropped out due to symp-
tom worsening or gave no reason. Detailed information can
be found in the original study reports (3—9). The mean age
was 52.6 years (SD 12.0 years), age range 19-81 years. Pain
intensity at the time of the measurement visit ranged from 0.0
to 97.0 mm VAS, with a mean of 46.0 mm. The fact that current
pain intensity was below the inclusion criteria was probably a
result of separated screening and measurement visits (3). Pain
duration ranged from 3 months to 45 years, with a mean of
7.6 years (SD 7.5 years), expectation of treatment efficacy was
high with a mean of 73.0 mm (SD 22.7 mm) VAS. The MHI
score was a mean of 66.4 (SD 17.0). PPT scores were lower
at the neck (277.2 kPa [SD 135.2 kPa]) than the hand (355.6
kPa [SD 138.6 kPa]).

Regression analyses

Identification of outliers. Using PCA, 4 outliers (# 701, 706, 707,
936) were identified and excluded from subsequent analyses.

Cross-sectional regressions. We started by analysing whether
the 2 PPT variables could be regressed using the baseline
data. A significant model, but with low explained variation
(R?=0.06), was obtained when regressing the 2 PPT variables
simultaneously (i.e. 2 Y-variables) (Table I1). Hence, high PPTs
at baseline (PPT _neck pre and PPT hand pre) were associated
with being male, short pain duration and high age.

No significant model was obtained for PPT neck pre alone.
For PPT hand_pre higher values were associated with being
a man, short pain duration and high age (R?=0.07) (Table II).

Table 1. Sociodemographic and clinical characteristics (mean+1 SD) at baseline. Right-hand column shows the result of statistical evaluations (y*

or t-test), reported as p-values

Total sample Intervention group Control group

Variable (n=346) (n=171) (n=175) p-value
Gender, female/male, n 269/77 134/37 135/40 0.44
Age, years, mean (SD) 52.6 (12.0) 51.9(12.3) 53.3(11.6) 0.27
Pain duration, years, mean (SD) 7.6 (7.5) 7.2(7.4) 8.1(7.5) 0.24
Pain intensity, mm VAS, mean (SD) 4.6 (2.0) 4.9 (2.0) 4.4 (1.9) 0.02*
MHI_pre, mean (SD) 66.4 (17.0) 66.0 (16.7) 66.8 (17.3) 0.66
PPT neck pre, mean (SD) 277.2 (135.2) 277.3 (125.8) 277.1 (144.2) 0.99
PPT hand pre, mean (SD) 355.6 (138.6) 364.4 (140.0) 347.0 (137.0) 0.25
Expectation, mm VAS, mean (SD) 72.9 (22.7) 78.2 (19.7) 67.9 (24.7) <0.01%*

%p<0.05.

SD: standard deviation; VAS: visual analogue scale; MHI: Mental Health Index; PPT: pressure pain threshold.
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Table II. Partial least square regressions of pressure pain thresholds (PPT) variables prior to the interventions using gender, age, pain intensity and
duration, expectation and MHI as regressors, results from the cross-sectional analyses. For each X-variable and regression the variable importance in
projection (VIP) and the direction of correlation are reported. A variable is significant if VIP> 1.0 (bold)

Model Variable VIP Direction of correlation Model fit R?
PPT neck pre and PPT hand pre (2Y-variables) Gender 1.63 Being male resulted in higher PPT 0.06
(n=342) Pain duration 1.26 Patients with shorter pain duration have
higher PPT
Age 1.07 Older patients have higher PPT
VAS pre 0.63
Expectation 0.32
MHI_pre 0.29
PPT neck pre (n=342) No significant model was obtained
PPT _hand pre Gender 1.74 Being male resulted in higher PPT 0.07
(n=341) Pain duration 1.26 Patients with shorter pain duration have
higher PPT
Age 1.04 Older patients have higher PPT
VAS pre 0.45
Expectation 0.22
MHI_pre 0.21

VAS: visual analogue scale; MHI: Mental Health Index.

Table III. Partial least square regressions of pressure pain thresholds (PPT) variables after the intervention (longitudinal analyses) using gender,

age, PPT, pain intensity and MHI at baseline, pain duration, time between the measurements and expectation as regressors. For each X-variable
and regression the variable importance in projection (VIP) and the direction of correlation are reported. A variable is significant if VIP>1.0 (bold)

Model Variable VIP Direction of correlation Model fit R?
PPT neck post in all patients PPT neck pre 2.74 Higher baseline PPT resulted in higher post-  0.60
(n=303) intervention PPT

Gender 0.52

Pain duration 0.33

Age 0.15

Time between measurements 0.16

VAS pre 0.10

Expectation 0.28

MHI_pre 0.01
PPT neck post in intervention group PPT neck pre 2.60 Higher baseline PPT resulted in higher post-  0.64
only intervention PPT
(n=143) Gender 0.81

Pain duration 0.60

VAS pre 0.31

MHI_pre 0.30

Expectation 0.16

Time between measurements 0.07

Age 0.01
PPT hand post in all patients PPT hand pre 2.54 Higher baseline PPT resulted in higher post-  0.48
(n=302) intervention PPT

Gender 1.04 Being male resulted in higher post-

intervention PPT

Pain duration 0.47

Age 0.36

Expectation 0.31

MHI pre 0.08

Time between measurements 0.06

VAS pre 0.01
PPT hand post in intervention group PPT_hand pre 2.43 Higher baseline PPT resulted in higher post-  0.59
only intervention PPT
(n=143) Gender 1.15 Being male resulted in higher post-

intervention PPT

MHI pre 0.58

Pain duration 0.53

Age 0.29

VAS_pre 0.21

Expectation 0.15

Time between measurements 0.06

VAS: visual analogue scale; MHI: Mental Health Index.
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Longitudinal analyses

Longitudinal analyses for post-intervention PPTs. In PLS
regressions with all subjects, as well as with subjects from
the intervention group, the only variable that intercorrelated
with PPT neck post was the respective baseline score (Table
III; R?=0.60-0.64).

In a PLS regression with all subjects only the respective
baseline score was intercorrelated with PPT hand post (Ta-
ble IIT; R>=0.48). For the intervention group it was further

associated with male gender and higher PPT scores (Table
III; R*=0.59).

Longitudinal analyses for the difference in PPTs. The regres-
sion for PPT neck diff revealed VAS_diff, MHI diff, age
and time between measurements as significant factors; the
significant model had a low R? (Table IV; R?=0.06). In the
intervention group the factors associated with an increase in
PPT were: longer time between measurements, male gender,
younger age and lower expectation (Table IV; R?=0.13).

Table IV. Partial least square regressions of pressure pain thresholds (PPT) difference scores (post — pre) (longitudinal analyses) using gender, age,
pain intensity and MHI at baseline and differences, pain duration, expectation and time between measurements as regressors. For each X-variable
and regression the variable importance in projection (VIP) and the direction of correlation are reported. A variable is significant if VIP> 1.0 (bold)

Model Variable VIP  Direction of correlation Model fit R?
PPT_neck diff in all patients VAS_diff 1.94  Alarger pain reduction resulted in larger increase in ~ 0.06
(n=302) PPT difference score
MHI_diff 1.31  Alarger increase in mental health resulted in larger
increase in PPT difference score
Age 1.26  Being younger resulted in larger increase in PPT

Time between measurements ~ 1.01 ~ Longer time between measurements resulted in larger

increase in PPT difference score

VAS pre 0.71
Expectation 0.39
Gender 0.37
MHI_pre 0.26
Pain duration 0.26
PPT_neck_diff in intervention group Time between measurements ~ 1.72  Longer time between measurements resulted in larger 0.13
only increase in PPT difference score
(n=143) Gender 1.57  Being male resulted in larger increase in PPT
Age 1.11  Being younger resulted in larger increase in PPT
difference score
Expectation 1.06  Having lower expectation resulted in larger increase
in PPT difference score
VAS pre 0.87
MHI pre 0.42
VAS_diff 0.37
MHI_diff 0.30
Pain duration 0.23

PPT hand diff in all patients Time between measurements ~ 2.52

(n=302)

Longer time between measurements resulted in larger 0.05
increase in PPT difference score

Gender 1.29  Being male resulted in larger increase in PPT
difference score
VAS_diff 0.42
MHI_diff 0.06
Pain duration 0.64
Age 0.38
VAS_pre 0.36
Expectation 0.31
MHI_pre 0.10
PPT_hand_diff in intervention group ~Time between measurements ~ 2.04  Longer time between measurements resulted in larger 0.11
only increase in PPT difference score
(n=143) Age 1.35  Being younger resulted in larger increase in PPT
difference score
Gender 1.05  Being male resulted in larger increase in PPT
difference score
Expectation 0.76
MHI_pre 0.76
MHI_diff 0.54
Pain duration 0.54
VAS pre 0.38
VAS_diff 0.02

SD: standard deviation; VAS: visual analogue scale; MHI: Mental Health Index.
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The regression for PPT hand diff revealed time between
measurements and gender as significant factors; the significant
model had a low R? (Table IV; R?=0.05). For the analysis of
the intervention group an increase in PPT_hand was associ-
ated with longer time between measurements, male gender and
younger age (Table IV; R?=0.11).

PCA of differences in PPT, VAS, MHI together with age, pain
duration, gender and expectation. No significant model was
obtained.

Which of the differences in variables separate the 2 groups
(intervention vs control). The significant PLS regression
(R?=0.21) identified the following variables as important in
descending order (VIP> 1.0 are significant; for the significant
variables are given the sign of the correlation after the VIP val-
ue): VAS diff (VIP=1.50(-)), PPT_neck_diff (VIP=1.04(+)),
MHI_diff (VIP=0.76) and PPT_hand_diff (VIP=0.27). Hence,
belonging to the intervention group was associated with im-
provements in pain intensity (VAS) and in PPT neck.

DISCUSSION

General findings

The simple assumption, that high pain intensity equals high pres-
sure pain sensitivity could not be supported by the present results.
Despite a large sample of subjects we were not able to establish
a coherent correlation pattern between PPT and pain intensity,
either in the cross-sectional or the longitudinal analyses. Even
though both variables include subjective aspects (i.e. perception
of pain), there are important differences that may explain the lack
of significant correlations and lack of consensus in the literature
concerning their relationships (correlations). Hence, the pain
intensity variables describe more or less an on-going habitual
chronic situation, while PPT measurements concern the recognition
of a new nociceptive stimulus (pressure) in painful or pain-free
tissues. Another difference is that PPT is measured within a very
limited area/volume of tissue, while habitual pain intensity can
be perceived to originate from large anatomical areas. Moreover,
these 2 variables may differ with respect to what extent they are
sensitive to psychological and contextual factors. Even though no
direct correlation was found mediating links, e.g. psychological
factors may exist between the 2 variables. Another explanation
may be that the relationship between pain intensity and PPT is
not linear due to presence/degree of central sensitization (includ-
ing structural reorganization of pain-matrix in CNS and altered
descending control of nociception). Our results are in contrast to
studies reporting significant correlations between pain intensity
and PPT in patients with low-back pain (30, 31) and those with
non-traumatic neck pain (16, 18). In patients with chronic WAD no
consistent pattern is obvious in the available literature (14, 16, 18).

Pre-intervention pressure pain thresholds

Pre-intervention scores of PPT at the hand were higher in
males, in patients with high age and with shorter pain dura-
tion (Table II).
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Our results concerning gender, with females exhibiting
lower thresholds, are in agreement with other studies (25).
However, there is no clear explanation for this gender dif-
ference. Binderup et al. (32) suggested, in a brief review of
the literature, that the gender difference is multifactorial and
that physiological (subcutaneous fat, muscle size, degree of
temporal summation), hormonal, cultural and psychological
factors might contribute to the gender effect.

The results for age are inconclusive: while some studies
found increased thresholds, others found decreased (33) or no
difference in thresholds with higher age (34). Those studies,
however, are of very different sample sizes and the positive
correlation between PPT and age is in line with those from
the larger study (35).

Interestingly, lower PPT at the hand was also associated
with longer pain duration, which is in agreement with other
studies (36) possibly reflecting a loss of endogeneous inhibi-
tion with higher age. Effects of pain on PPT at segmentally
connected areas have been reported previously; for example,
studies have found decreased thresholds for measurements
over the median and ulnar nerves (19) or the orofacial region
(20) in patients with neck disorders, which are indicative of
segmental sensitization. In the present study higher pressure
pain sensitivity at the hand was associated with longer pain
duration supporting the connection between pain perception
and segmental pain processing. Contrary to this interpretation it
can be argued that it was not possible to establish a significant
regression for the most painful area, i.e. the neck area (Table
I1). Such a relationship, however, would have been reasonable
in this context. The significantly lower PPT of the neck than
in the hand might indicate a floor effect for PPT of the neck,
which, in turn, may explain the lack of significant regression.

Post-intervention pressure pain thresholds

Post-intervention scores of PPT were mainly correlated with the
respective baseline scores (Table I1I). This may reflect steady
intrapersonal pressure pain sensitivity. However, some of the
above-mentioned factors related to gender, e.g. thickness of
subcutaneous fat, muscle size, hormonal, and ethnic/cultural,
together with genetic factors mediating anxiety and depression
may also contribute to the importance of baseline scores (32).
The fact that gender was not a significant regressor of PPT of the
neck cannot be explained based on current knowledge (Table III).

Changes in pressure pain thresholds

Changes in PPT_hand and PPT_neck (Table IV) in all subjects
and in the intervention group consistently revealed time between
measurements and age/gender as significant regressors. For
PPT neck there were also significant influences of VAS diff
and MHI_diff, but these factors were not confirmed in the cor-
responding analysis in the intervention group alone. Moreover,
this regression had a low explained variation (Table 1V). To-
gether with time between measurements as the most important
factor for changes in PPT, this leaves an inconsistent picture.
In the case of time between measurements in the regres-
sions using all subjects, it could be assumed that such a factor



Neck pain intensity does not predict pressure pain hyperalgesia 559

reflects a treatment-independent time effect. Such changes in
PPT have been observed before; and while a repetition within
a short time-frame leads to a decrease in thresholds (37, 38),
repetitions after a longer interval lead to substantial increase
in PPT (39). However, time between measurements was also
a significant regressor in the intervention group only, which
challenges our suggestion of a treatment-independent time
effect. In the intervention group this variable can include an
effect of the actual time between measurements. In conclusion,
time between measurements was the most important factor
influencing changes in PPT; however, only a small amount of
variance can be explained according to the regressions pre-
sented in Table IV. Other significant factors, such as gender
and age, in these regressions may simply reflect gender- and
age-specific plasticity of the pain processing system.

Differences between groups

Belonging to the intervention group was associated with
changes in pain intensity and PPT. Thus, indicating treatment
effects in the intervention group and an overall smaller amount
of pain and pressure pain sensitivity. Even though both these
pain aspects changed in the intervention group, we found no
coherent correlation between them.

Strengths

Despite its limitations this represents one of the largest studies
evaluating the relationship between pain intensity and pres-
sure pain sensitivity. Since all trials had been conducted at the
same department, it might also be assumed that the methods to
determine pain intensity and PPTs were applied in a comparable
manner. Another strength is the use of appropriate and potent
multivariate statistical methods to explore patterns between
PPT and pain intensity and other variables, which limits the
risk of biased results. Finally, reliability of the PPT can be
considered good to very good (40).

Limitations

This analysis is limited by several factors, such as the studies’
context and the patient sample. All studies were conducted at
the department for internal and integrative medicine, with a
focus on complementary and alternative therapies. Most pa-
tients were recruited via advertisements and therefore explicitly
interested in complementary and alternative therapies. Results
might therefore be influenced by self-selection.

Results may further be limited by the fact, that mechanical
neck pain might not constitute a very homogeneous patient
sample per se; even after exclusion of traumatic, inflammatory
and secondary causes there might still be substantial differ-
ences in activated pain mechanisms including central altera-
tions across the subjects of the investigated patient cohort.
However, since no valid classification is available to date, this
could not be considered in the analysis.

Another limitation was created by the choice of the measure-
ment location for the PPT. PPT had been measured at the most
painful site, which, in most cases, was the trapezius muscle.

However, studies have shown that measurements at different
locations on the body are mostly comparable (21). It may
further be limited by the use of different observers, but all
assessors have been trained and supervised by the same inves-
tigators, which should have reduced inter-observer differences.

Finally, studies with rather heterogeneous therapies with
different proposed modes of actions were included in this
analysis, and none of those therapies has been recommended
by in treatment guidelines for chronic neck pain. Since time
between measurements was included in the analysis possible
bias in that regard should have been at least partially reduced.

Conclusions

Pressure pain sensitivity at the neck area or the hand did not
correlate with pain intensity. Changes in PPT correlated with
time between measurements indicating time-sensitive changes.
More studies are necessary to evaluate the relationship between
pain intensity and PPT before its use as a valid supplement
to subjective pain ratings can be supported. Results of trials
with respect to using PPT as an outcome variable must be
interpreted with care until the complexity of the relationship
has been resolved.
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