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Abstract: Most pain and disability variance in patients with low back pain still remains unexplained. The aim of this
study was to enhance the degree of explained variance by including measures of pain and tactile sensitivity as well as
pain-related endurance and fear-avoidance responses. Thirty-six post lumbar disc surgery patients completed psychomet-
ric questionnaires (Avoidance-Endurance Questionnaire, Fear-Avoidance Beliefs Questionnaire, Beck Depression Inven-
tory) and underwent quantitative sensory testing (QST) with measures of pain (pressure (PPT) and mechanical pain
threshold) and tactile sensitivity (MDT). Bivariate correlations and hierarchical multiple regression analysis were com-
puted. In addition to the contribution of fear-avoidance responses, pressure pain sensitivity and endurance behavior sig-
nificantly contributed to explanations of pain variance, whereas disability was primarily predicted by fear-avoidance.
While all psychological variables and MDT were positively related to pain or disability, PPT was negatively related to
pain. The regression model accounted for 69 % of the variance in back pain intensity and 68 % of the variance in disabil-
ity. Tactile hypaesthesia was related to increased clinical pain. Pain-related endurance responses and pressure pain hyper-
algesia were significant additional predictors for pain, but not for disability. These findings are compatible with general-

ized disinhibition via descending pathways and a general inhibition of tactile acuity by ongoing pain.
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1. INTRODUCTION

A considerable proportion of patients with disc herniation
reports persistent pain and pain-related disability after pri-
mary lumbar disc surgery [1]. While most of these patients
have no identifiable structural cause (e.g., structural abnor-
malities of the spinous elements) explaining their pain, a
number of demographic factors [2] as well as psychosocial
factors [3] are known to be important in maintaining pain and
disability. However, multilevel models of data analysis, in-
cluding structural, demographic and psychosocial factors as
predictive variables, still account for a limited amount of the
variance in clinical outcome. The investigation of new po-
tential predictive variables will increase the explained vari-
ance in clinical outcomes and lend major insight towards
understanding the processes of multiple determination of
chronic low back pain (CLBP).

Psychosocial predictors, including depression, high job
distress and fear-avoidance-related responses (FAR) to pain
(e.g., catastrophizing, fear of pain and avoidance behavior),
have been investigated extensively [3-6]. Recent research
revealed evidence for an additional pathway involving en-
durance-related responses (ER); responses include conscious
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suppression of pain-related thoughts and behavioral endur-
ance despite severe pain, which leads to chronic pain via
physical overload [7, 8]. Although initial prospective studies
have shown that ERs are additional predictors of pain [9,
10], scant empirical evidence considers the role of ER in
explanations of variance of pain and especially disability.

Furthermore, recent research suggests that the integration
of potential neurobiological predictors within multilevel
models may indicate mechanisms of central plasticity. For
example, the characteristics of the somatosensory phenotype
of CLBP patients, such as increased pain sensitivity or re-
duced tactile function, may be of special interest [11]. Meas-
ures of individual pain thresholds under experimental pres-
sure have been shown to account for additional unique vari-
ance in pain intensity and disability in CLBP [12]. A com-
mon phenomenon among CLBP patients is a feeling of
numbness in painful body regions; thus, reduced tactile func-
tion may represent another characteristic of somatosensory
phenotype that accounts for unique variance in clinical pain
[13-15]. Tactile hypaesthesia following nociceptive stimula-
tion has been reported by Geber et al. [16] using mechanical
detection thresholds (MDT).

The present study aims to increase the proportion of the
explained variance in clinical pain and disability by introduc-
ing new measures of behavior and neurobiological function
that shed additional light on the complex interaction of psy-
chological, social and biological factors involved in pain.
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The specific goals of this study are the following: 1. Ex-
plore the relationship between pain and tactile sensitivity and
clinical back pain as well as disability. 2. Explore the rela-
tionship between pain-related ERs, clinical pain and disabil-
ity, in addition to FAR and depression. 3. Investigate
whether ER and measures of pain and tactile sensitivity
(other than the well-known predictors) account for unique
variance in multilevel models and increase the proportion of
explained variance in clinical pain and disability.

2. MATERIALS AND METHODOLOGY
2.1. Participants

Documentation from a total of 150 patients with ages
ranging from 20 — 65 years was selected from the archives of
the Department of Neurosurgery of the Knappschaftskrank-
enhaus Bochum, Germany and screened. Patients who had
underwent a single lumbar disc surgery at least 6 and no
more than 24 months prior to the start of the study and un-
derstood German met our inclusion criteria. Participants
were additionally screened to exclude conditions that could
affect somatosensation (e.g., diabetes, neuropathy, psychiat-
ric disorders and current medical pain treatment). No current
addresses were available for 73 patients, and 18 patients did
not agree to participate. The medical examination reports of
6 patients were insufficiently detailed for study inclusion.
Because of the exclusion criteria, 12 patients were omitted.
Out of the 41 remaining patients, 4 were dropped due to in-
complete data, and 1 was omitted because of circulatory in-
sufficiency during testing. In total, measurements from 36
subjects were used for the analysis. All subjects were paid
for participation and gave written informed consent. The
study was conducted in cooperation with the German Re-
search Network on Neuropathic Pain (DFNS) and was ap-
proved by the University Ethics Committee of the Christian-
Albrechts University in Kiel, Germany. The study was con-
ducted in accordance with guidelines for good clinical prac-
tice as well as the Declaration of Helsinki.

2.2. Procedures

One of the authors telephoned patients fulfilling the crite-
ria described above and invited them to participate in this
study. The 3-part study was conducted at Bochum Univer-
sity. First, subjects participated in a short standardized
physical evaluation with a general practitioner to obtain in-
formation about the biomedical status of the subjects. Next,
self-report data were obtained using the research version of
the Telemedical Patient-Diagnostics-System (TPDS), a per-
sonal computer-based self-report instrument [17] that in-
cluded sociodemographic (gender and age), detailed pain-
related and standardized psychometric questionnaires. The
individual somatosensory phenotype was determined using
quantitative sensory testing (QST).

2.3. Measures
2.3.1. Description of the Sample

For sample description, the date of disc surgery was
documented to calculate the time between surgery and test-
ing. Additionally, the Chronic Pain Grade (CPG) [18] was
assessed to describe the severity of the subjects’ chronic
back pain. We used the German version of the chronic pain
grade questionnaire, which was found to be reliable and
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valid in primary care back pain patients [19]. Adaptation of
the original version’s scoring rules resulted in a 5-point grad-
ing system: grade O stands for pain free, grade I stands for
low disability and low pain intensity, grade II stands for low
disability and high pain intensity, grade III stands for high
disability and moderately limiting, and grade IV stands for
high disability and severely limiting.

2.3.2. Clinical Status: Back Pain Intensity and Pain-
Related Disability

Participants were asked to rate their average back pain in-
tensity during the last 3 months by means of a visual pain
rating scale; “0” stands for no pain, and “10” stands for
maximum pain intensity. The patients completed the Pain
Disability Index (PDI) [20], which is a 7-item inventory that
asks the respondent to rate the perceived degree to which
pain leads to disability in 7 areas of daily living: fam-
ily/home responsibilities, recreation, social activity, occupa-
tion, sexual behavior, self-care and life-support activity.
Each item score ranges from 0 (no disability) to 10 (fotal
disability). Thus, the total PDI score ranges from 0 to 70.
This study used the German version of the PDI, which was
found to be valid and reliable (coefficient alpha = .88) in
chronic pain patients [21].

2.3.3. Demographic Variables and Biomedical Status

Gender and age were treated as demographic variables.
The degree of lumbar forward flexion (lumbar flexibility)
acted as an indicator for participant biomedical status. An
inclinometer (Dr. Rippstein, Switzerland) was used for
measurement. The first recording was conducted by holding
the measuring instrument on the patient’s spine at T12/L1
while in an erect position. With the inclinometer on T12/L1,
the subjects were asked to bend forward and reach the fin-
gertips of both hands as far toward their toes as possible
while keeping their knees straight [22]. Lower degrees of
lumbar forward flexion were taken as an indication of poor
biomedical status.

2.3.4. Depressive Symptoms

The Beck Depression Inventory (BDI) is a 21-item self-
report measure assessing the incidence of various symptoms
of depression (e.g., sad mood, sleep disturbance). This
measure has demonstrated excellent reliability and validity
as well as the ability to discriminate depressed from non-
depressed pain patients [23, 24]. The current study used the
German version from Hautzinger [25], which is comparable
with the English version. BDI total scores ranged from 0 to
63 points, with higher scores indicating more severe depres-
sive symptoms.

2.3.5. Somatosensory Phenotype

The subjects underwent the quantitative sensory testing
(QST) protocols as standardized by the German Research
Network on Neuropathic Pain to measure their somatosen-
sory phenotype [26]. Stimuli were applied to the lumbar
musculus erector spinae next to the affected spinal segment
(test area, TA) and the hand ipsilateral to the back pain area
(intraindividual control area, ICA).

The pressure pain threshold (PPT) was measured by a
handheld electronic pressure algometer (Somedic AB,
Horby, Sweden) with a contact area of 1 cm” and a pressure
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application range from 0 - 2000 kPa. The intended rate of
pressure increase (50 kPa/s) and the actual pressure applied
were shown on a display. The pressure pain threshold was
assessed with 3 series of ascending pressure intensities, and
the final threshold was calculated as the mean of the 3
thresholds. The measurement was taken in the painful area of
the musculus erector spinae and the thenar muscle of the
accordant hand. A set of seven standardized and calibrated
pinprick stimulators with flat contact areas 0.25 mm in di-
ameter was used to assess the mechanical pain threshold
(MPT). The stimulators exerted forces between 8 and 512
mN [27]. A total of 5 series of ascending and descending
stimulus intensities (method of limits) were conducted, and
the final threshold was the geometric mean of these intensi-
ties. The application was conducted on the musculus erector
spinae and the back of the hand. Again, the “method of lim-
its” was used to measure the mechanical detection threshold
(MDT). Twelve standardized von Frey filaments were ex-
erted between 0.25 and 512 mN of force on the musculus
erector spinae and the back of the hand. Each filament was
provided with a rounded contact area (< 1 mm?). The geo-
metric mean of the intensities was calculated for the final
threshold.

2.3.6. Fear-Avoidance-Related Responses to Pain

The “Avoidance of Social Activities Scale” (ASAS) of
the Kiel Pain Inventory (KPI, a precursor of the Avoidance-
Endurance Questionnaire, AEQ) [28] and the two work-
related scales of the German version of the Fear-Avoidance
Beliefs Questionnaire (FABQ-D) [29] were used to measure
subject fear-avoidance responses to pain. The ASAS is a 9-
item scale of the KPI that describes finishing or avoiding
social activities due to low back pain (e.g., “I avoid getting
together with others.”). Cronbach’s a was 0.91. Patients used
a 7-point Likert scale (never (0) to always (6)) to indicate
frequency of thoughts and actions during pain experiences in
the previous 14 days. Higher scores indicate a higher degree
of self-reported fear-avoidance behavior.

The German version of the Fear-Avoidance Beliefs
Questionnaire (FABQ-D) [30] consists of 3 subscales. The
two work-related subscales explained high variance in the
questionnaire (55.2 %) [29]. We used these subscales in our
study. The scale “Causation by work” is a 6-item scale as-
sessing respondent belief that back pain was caused by work
(e.g., “My work could harm my back.”). The scale “Progno-
sis work” is a 5 item-scale that describes the belief in a poor
prognosis for returning to work (e.g., “I don’t think that I
could return to my regular job during the next 3 months.”).
Scores for each item range from 0 (not at all agree) to 6 (ex-
actly agree). The German version of the FABQ was found to
be reliable (Cronbach’s o = .87) in back pain patients.

2.3.7. Endurance-Related Responses to Pain

Subscales of the AEQ [31] were used to measure the
pain-related endurance responses in the sample. The
“Thought Suppression Scale” (TSS) consists of four items
(e.g., “Pull yourself together”) and describes the desire to
avoid thinking about pain and attempts to suppress pain-
related emotions and pain sensations. The “Behavioral En-
durance Scale” (BES) of the AEQ is an 11-item scale that
focuses on coping efforts aimed at finishing all activities in
spite of severe back pain (e.g., “I keep all appointments even
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though I don’t feel well.”). Patients used a 7-point Likert
scale (never (0) to always (6)) to indicate frequency of
thoughts and actions during pain experiences in the previous
14 days. Higher scores indicate a higher number of self-
reported endurance cognitions and behavior. Internal consis-
tency for the BES scale is reported with Cronbach’s o = .83
and r = .80 for TSS [31].

2.4. Statistical Analysis

We assessed means, standard deviations (SD) and medi-
ans of variables as required for sample description. Scores of
the psychometric measures KPI and AEQ are presented as
the mean item scores, and the FABQ, PDI and BDI scores
are shown as the mean sum scores. For descriptive and com-
parative purposes, we show decadal logarithmically trans-
formed and retransformed raw data for PPT, MPT and MDT.
To meet the requirements for further statistical analysis,
decadal log-transformed data for MPT and MDT were used
when the distributions for these parameters were skewed and
differed significantly from the normal distribution as tested
with a Kolmogorov—Smirnov test [32]. Bivariate Pearson’s
or Spearman’s correlations (when required) were conducted
to demonstrate relations between independent variables, such
as gender and age (demographics); lumbar flexibility (bio-
medical status); BDI (depressive symptoms); PPT-ICA/ -TA,
MPT-ICA/ -TA and MDT-ICA/ TA (somatosensory pheno-
type, QST); ASAS, FABQ-work and FABQ-prognosis (fear-
avoidance-related pain responses); and TSS and BES (en-
durance-related pain responses). The bivariate correlation
between back pain intensity and pain-related disability (out-
come variables) and each independent variable was studied
by Pearson’s or Spearman’s correlations.

Finally, hierarchical multiple regression analysis for the
two outcome variables was conducted. The independent
variables were forced into regression analysis block by
block. The entry of independent variables was performed in
the following consecutive blocks: 1. demographics, 2. bio-
medical status, 3. depressive symptoms, 4. somatosensory
phenotype, 5. fear-avoidance-related responses and 6. endur-
ance-related responses. This hierarchical blockwise proce-
dure allows for assessment of the significance of the ex-
plained variance (R”) increase attributable to the addition of
each variable or block of variables into the equation. The
entry method was chosen within blocks. Multicollinearity
was checked at each step. Data were analyzed using the Sta-
tistical Package for the Social Sciences, SPSS 17.0 for Win-
dows.

3. RESULTS
3.1. Sample Characteristics

Characteristics of the resulting sample are presented in
Table 1. The total group of 36 participants (18 men, 18
women) had a mean age of 47.3 years (SD = 12.0 years). On
average, the disc surgery was performed 64.9 weeks (SD =
12.4 weeks) before testing. Using classification by Von
Korff et al., the majority (58.3 %) of the group showed
Chronic Pain Grade I [18]. These data are comparable with
previous research data that examined patients after a first
lumbar disc surgery [7]. In our sample, back pain intensity
during the past three months averaged 2.64 on a 10-point
rating scale (SD 2.2; Mdn 2.5). The mean PDI sum score
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Table 1. Patient Characteristics (/V=36)
Mean SD Median
Demographics
Gender (N/ % female) 18/50.00
Age 47.31 12.04 47.50
Time between disc surgery and evaluation (weeks) 64.94 12.38 64.00
Chronic Pain Grade (CPG) (N / %)
Grade 0 4/11.11
Grade 1 21/58.33
Grade I 2/5.56
Grade 11 3/8.33
Grade IV 6/16.67
Pain
Average back pain during past 3 months (NAS 0-10) 2.64 2.15 2.50
Disability
Pain disability index 14.31 12.83 11.00
Biomedical status
Lumbar flexibility (degree) 65.42 23.50 66.50
Depressive symptoms
Beck depression inventory 7.92 6.90 5.50
Somatosensory phenotype (QST)
log (Pressure pain threshold-ICA / kPa) 2.64 0.12 2.65
Pressure pain threshold-ICA, raw (kPa) 441 449
log (Pressure pain threshold-TA / kPa) 2.53 0.17 2.56
Pressure pain threshold-TA, raw (kPa) 337 358
log (Mechanical pain threshold-ICA / mN) 1.69 0.45 1.70
Mechanical pain threshold-ICA, raw (mN) 49.26 50.21
log (Mechanical pain threshold-TA / mN) 1.54 0.44 1.55
Mechanical pain threshold-TA, raw (mN) 34.70 35.51
log (Mechanical detection threshold-ICA / mN) 0.46 0.50 0.30
Mechanical detection threshold-ICA, raw (mN) 2.86 2.00
log (Mechanical detection threshold-TA / mN) 0.84 0.49 0.81
Mechanical detection threshold-TA, raw (mN) 6.93 6.50
Fear-avoidance-related pain responses
KPI-Avoidance of social activities scale 1.39 1.07 1.17
FABQ-Work as cause of pain scale 15.72 10.17 15.50
FABQ-Prognosis about return to work scale 8.00 10.08 3.00
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(Table 1) contd....

Mean SD Median
Endurance-related pain responses
AEQ-Thought suppression scale 3.06 1.69 3.25
AEQ-Behavioral endurance scale 3.12 0.86 3.18

CPG, Chronic pain grade; Grade 0, no pain; Grade I, low disability, low pain intensity; Grade II, low disability, high pain intensity; Grade III, high disability, moderate limiting;
Grade IV, high disability, severe limiting; QST, Quantitative sensory testing; ICA, intraindividual control area (hand); TA, test area (back); log, values decadal logarithmically
transformed; raw, retransformed to values with original unit; KPI, Kiel pain inventory; FABQ, Fear-avoidance beliefs questionnaire; AEQ, Avoidance-endurance questionnaire; TSS,

Thought suppression scale; BES, Behavioral endurance scale.

was 14.3 (SD 12.8; Mdn 11.0). The distributions for the de-
pendent and independent variables (including the trans-
formed data for MPT and MDT) did not differ significantly
from the normal distribution when examined by a Kol-
mogorov—Smirnov test.

3.2. Bivariate Correlations

Table 2 shows the results of the analysis of the intercor-
relations between the independent variables. The correlation
coefficients between independent variables and dependent
variables (back pain intensity during the past three months
and pain-related disability) and their significances are shown
in Table 3.

3.2.1. Back Pain Intensity

Back pain intensity was significantly negatively corre-
lated with the degree of lumbar flexibility (biomedical
status) (r =— 0.41, p <0.01). There was a significant positive
correlation between back pain intensity and depressive
symptoms (r = 0.58, p < 0.001). For the QST data, the back
pain intensity was significantly negatively correlated with
the pressure pain threshold at the hand (ICA) (r=-0.29,p <
0.05). The back pain intensity was significantly positively
correlated with the mechanical detection threshold on ICA (r
=0.41,p <0.01) and on TA (r = 0.40, p <0.01). There was a
significantly positive correlation between back pain intensity
and avoidance of social activities (r = 0.47, p < 0.01), the
fear-avoidance belief that work causes clinical back pain and
the belief in a poor prognosis for returning to work (r = 0.43,
p <0.01 and r = 0.30, p < 0.05, respectively). For endurance-
related variables, the back pain intensity was significantly
positively correlated with thought suppression and behav-
ioral endurance (r =0.43, p <0.01 and r =0.30, p <0.05).

3.2.2. Disability

There was a significant negative correlation between dis-
ability and the degree of lumbar flexion (r = — 0.60, p <
0.001). Disability was significantly positively correlated with
depressive symptoms (r = 0.46, p < 0.01). With respect to the
QST variables, disability showed a trend toward a positive
relation to the MDT of the hand and the back (r = 0.25, p =
0.075 and r = 0.25, p = 0.067, respectively). No association
was found between disability and pain sensitivity measures.
Among the fear-avoidance-related variables, avoidance of
social activities (r = 0.57, p < 0.001), the fear-avoidance be-
lief that work causes clinical back pain and the belief in a
poor prognosis for returning to work (r = 0.43, p <0.01 and r
=0.60, p <0.001, respectively) showed positive correlations

with disability. Among endurance-related variables, disabil-
ity trended toward a significant positive correlation with
thought suppression (r =0.27, p = 0.056).

3.3. Hierarchical Regression Analyses

Two hierarchical multiple regression analyses were cal-
culated with back pain intensity and disability as dependent
variables. All variance inflation factors (VIF) ranged from
1.3 to 2.9, indicating no multicollinearity concerns [33]. If
the increase in explained variance (R) for any block of pre-
dictor variables was significant, an analysis of the regression
coefficients (f) for each variable in that block revealed
which variable was responsible for the significant increase in
R’. There were high intercorrelations between QST data on
ICA and on TA (r-values ranging from 0.44 to 0.59, p <
0.01), and thus, we used ICA thresholds for regression
analyses to reduce the number of independent variables.

3.3.1. Back Pain Intensity

Table 4 summarizes the results of the regression analysis
for back pain intensity. First, patient demographic variables
(gender and age) were entered into the regression equation.
These variables accounted for only 1 % of the variance in
clinical back pain. The change in R* was 19 % with each
addition of the biomedical status variables lumbar flexibility
and depressive symptoms to the equation. The set of somato-
sensory phenotype variables (PPT-ICA, MPT-ICA, MDT-
ICA) accounted for 10 % of the variance. Next, the set of
fear-avoidance variables was entered into the regression
equation, resulting in a 14 % change in R’. Finally, the set of
endurance-related pain response variables was entered and
accounted for 7 % of the variance in back pain intensity. The
final regression model (Fj, 23 = 4.178, p < 0.01) accounted
for 69 % of the variance in clinical back pain. The standard-
ized regression coefficients (f-weights) were analyzed to
assess which single variables were responsible for significant
increases in explained variance. When all the variables were
entered into the regression equation, only behavioral endur-
ance (p < 0.05) and pressure pain threshold at ICA (p < 0.05)
had significant unique contributions to the explanation of
variance in back pain above the effects of the previously
entered variables. Thus, patients with stronger behavioral
endurance responses to back pain or high-pressure pain sen-
sitivity had more intense back pain than patients who did
not. There was also a trend (p = 0.058) for patients with the
fear-avoidance belief “work causes pain” to report higher
levels of back pain.
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Table2. Intercorrelations Between Independent Variables
. [72]
R EE - TS - B A S -
3 < £ 2 = = &= & & a D 9 o
© 3 = &2 5 2 g8 = B £ & =z
Gender
Age =12
Lum. flex. 17 -.09
BDI 11 -.10 -.38*
PPT-ICA =21 A40%* .06 -.38*
PPT-TA -42% 497 -.10 =15 507
MPT-ICA 18 .05 .16 .06 .01 .04
MPT-TA 21 -.10 .06 -.08 .10 .03 441
MDT-ICA =25 .01 -.19 521 .00 .03 -.02 12
MDT-TA -.19 -.01 -.26 36% -.16 .09 12 25 591
KPI-ASAS =12 23 =31 39% 21 .09 -.16 .09 437 A4
FABQ-w =11 .19 -.26 .16 34% -.04 -.24 -.03 25 .14 497
FABQ-p .00 24 -42% .01 30 -.14 -21 -.02 .07 .04 ATT 70%
AEQ-TSS -.08 .01 =32 467 =21 .03 -.05 -.02 32 24 17 25 .06
AEQ-BES -.06 26 -.19 23 -13 12 26 -17 .16 .04 -.01 -.03 -.04 561

*<0.05; 1 p<0.01; 1 p<0.001. Lum. flex., lumbar flexibility; BDI, Beck depression inventory; PPT, Pressure pain threshold; ICA, intraindividual control area (hand); TA, test
area (back); MPT, Mechanical pain threshold; MDT, Mechanical detection threshold; KPI, Kiel pain inventory; ASAS, Avoidance of social activities scale; FABQ, Fear-avoidance
beliefs questionnaire; FABQ-w, Work as cause of pain scale; FABQ-p, Prognosis about return to work scale; AEQ, Avoidance-endurance questionnaire; TSS, Thought suppression

scale; BES, Behavioral endurance scale.

3.3.2. Disability

A summary of the regression analysis for pain-related
disability is presented in Table 5. We entered the variables or
blocks of variables into the disability regression equation in
the same order as the back pain intensity regression. Patient
demographic variables (gender and age) accounted for less
than 1 % of the variance in clinical back pain. In the next
step, lumbar flexibility introduction into the equation in-
creased R by 36 %. Depressive symptoms and the set of
somatosensory phenotype variables were entered in the fol-
lowing two steps and produced a 6 % change in R* for each.
With the addition of the set of fear-avoidance variables, the
change in R* was 20 %. The set of endurance-related pain
response variables was entered last and accounted for less
than 1% of variance in disability. The final regression model
(F12,23 =4.012, p <0.01) accounted for 68 % of the variance
in pain-related disability. When all variables were entered
into the regression equation, only the fear-avoidance variable
belief in a poor prognosis for returning to work (p < 0.05)
had a significant unique contribution to the explanation of
variance in disability above the effects of the previously en-
tered variables. Patients who had a stronger belief in a poor
prognosis for returning to work reported more disability than
patients who did not have this belief.

4. DISCUSSION

This study aimed to increase the proportion of explained
variance in back pain intensity and pain-related disability by
introducing new measures of somatosensory tenderness
(QST) and pain-related behavior. The results indicated that
the prediction of pain intensity was significantly improved
by pain sensitivity and pain-related endurance responses
(ER) above and beyond the contribution of fear-avoidance
responses (FAR). In contrast, disability was primarily pre-
dicted by FAR, whereas somatosensory phenotype and en-
durance had minor importance. Examination of the standard-
ized regression coefficients of the final models indicated that
the initially high impact of the variables biomedical status,
depression and tactile sensitivity was reduced in the context
of all included variables; this result may be due to high inter-
correlations with FAR and ER variables.

4.1. Low-Back Pain and Mechanical Pain Sensitivity

Clauw and colleagues [12] were the first to demonstrate
that after controlling for demographic, structural and psycho-
logical variables, pain sensitivity measured by pressure over
painful and control areas accounts for additional unique vari-
ance in pain and self-reported physical function. The sample
that Clauw and colleagues examined consisted of patients
with severe chronic low back pain and some symptoms of
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Table3. Correlation Coefficients Between Outcome Variables and Independent Variables
Pain (NAS) Disability (PDI)
r p r p
Demographics
Gender 0.07 0.353 0.13 0.227
Age -0.08 0.320 0.03 0.426
Biomedical status
Lumbar flexibility -0.41 0.006 -0.60 <0.001
Depressive symptoms
BDI 0.58 <0.001 0.46 0.002
Somatosensory phenotype (QST)
Pressure pain threshold-ICA -0.29 0.042 0.12 0.240
Pressure pain threshold-TA -0.21 0.115 -0.13 0.226
Mechanical pain threshold-ICA -0.24 0.084 -0.06 0.357
Mechanical pain threshold-TA -0.21 0.113 0.05 0.385
Mechanical detection threshold-ICA 0.41 0.007 0.25 0.075
Mechanical detection threshold-TA 0.40 0.007 0.25 0.067
Fear-avoidance responses
KPI-avoidance of social activities scale 0.47 0.002 0.57 <0.001
FABQ-work as cause of pain scale 0.43 0.004 0.43 0.004
FABQ-prognosis about return to work scale 0.30 0.039 0.60 <0.001
Endurance responses
AEQ-thought suppression scale 0.43 0.004 0.27 0.056
AEQ-behavioral endurance scale 0.30 0.040 0.06 0.361

NAS, Numerical analog scale (0 - 10), average back pain during past 3 months; PDI, Pain disability index; BDI, Beck depression inventory; ICA, intraindividual control area (hand);
TA, test area (back); KPI, Kiel pain inventory; FABQ, Fear-avoidance beliefs questionnaire; AEQ, Avoidance-endurance questionnaire.

fibromyalgia. The results of our study indicate that measures
of pain threshold are additional significant predictors in
samples of patients 6 months after lumbar disc surgery.

Clauw and colleagues [12] reported that similar variables
account for variance in back pain and physical function;
however, our study additionally indicates a differentiation
between these outcomes. After controlling for gender, age,
biomedical status, depressive symptoms and behavioral en-
durance, pressure pain sensitivity accounted for significant
additional variance in back pain intensity. In contrast, dis-
ability was independently predicted by the fear-avoidance
belief in a poor prognosis for returning to work. We found
significant negative bivariate associations between clinical
pain and pressure pain thresholds in the hand. These results
are in line with a recently reported generalized deep-tissue
hyperalgesia in CLBP patients with an MRI-confirmed in-
tervertebral disc herniation, which was measured by pressure
pain thresholds in the infraspinatus and tibialis anterior mus-
cles [34], and suggest a loss of descending inhibition or in-
crease of descending facilitation as a generalized mechanism
of increased pain sensitivity [35, 36].

In contrast to pain tenderness in a non-painful area, the
present study did not show a significant relationship between
clinical pain and pain sensitivity in the back for either pres-
sure pain or pinprick pain. This result is contrary to former
studies (e.g., [37]). One explanation may be that local sensi-
tivity to pressure in deep muscles may be impaired following
the lumbar disc surgery procedure (e.g., by scar tissue).

4.2. Low-Back Pain and Tactile Sensitivity

Concerning tactile sensitivity, bivariate correlations re-
vealed significant positive associations between experimen-
tal tactile thresholds and back pain. Presently, different mod-
els exist to supply a background to interpret the relationship
between reduced tactile function and increased clinical pain.
Geber et al. [16] investigated patients with musculoskeletal
pain and found support for their assumption that reduction of
tactile function is a neurophysiological consequence of the
activation of nociceptive pathways. The authors also found
higher mean pain ratings associated with an increase in tac-
tile hypaesthesia. Supporting this interpretation, Moseley
[38] reported reduced tactile acuity in the area of usual pain
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Table 4.
tio for R2 =4.178+)

Held et al.

Summary of Hierarchical Regression Analysis for Clinical Back Pain Intensity (R2 of the Final Model = 0.69, F12, 23 Ra-

Step Variables B R’ change

1 Demographics 013
Gender 0.094
Age -0.134

2 Biomedical status .186
Lumbar flexibility -0.083

3 Depressive symptoms 185
BDI 0.255

4 Somatosensory phenotype (QST) .100
Pressure pain threshold-ICA -0.306*
Mechanical pain threshold-ICA -0.220
Mechanical detection threshold-ICA 0.061

5 Fear-avoidance-related pain responses 135
KPI-avoidance of social activities scale 0.235
FABQ-work as cause of pain scale 0.383
FABQ-prognosis about return to work scale -0.015

6 Endurance-related pain responses .066
AEQ-thought suppression scale -0.135
AEQ-behavioral endurance scale 0.359*

* Standardized 8 weights and significances are displayed from the final model.

*p <0.05, 1 p <0.01. BDI, Beck depression inventory; ICA, intraindividual control area (hand); KPI, Kiel pain inventory; FABQ, Fear-avoidance beliefs questionnaire; AEQ,

Avoidance-endurance questionnaire.

in CLBP patients compared to healthy controls when meas-
ured by tactile thresholds and a two-point discrimination
threshold (TPD). Moseley suggested that tactile acuity train-
ing is an important component of CLBP treatment that may
contribute to the reduction of pain and increase in function
[39, 40].

A generalized impairment of interoception may further
explain reduced tactile acuity [41]. Given the limited proc-
essing capacity of afferent signals [42], the competition-of-
cues model of interoception [43] provides a cognitive expla-
nation for reduced interoceptive acuity. A reduced interocep-
tive awareness associated with an increased awareness of
external stimuli is hypothesized to play a role in cardiovas-
cular diseases [44]. We suggest that a similar pathway may
exist in patients suffering from back pain after lumbar disc
surgery. Although highly speculative at the moment, reduced
interoceptive acuity may lead to overuse and overload of the
muscles, bones and ligaments known to induce and maintain
low back pain (e.g., [45]).

4.3. Low Back Pain and Pain-Related Fear-Avoidance
and Endurance

The present study revealed the unique predictive power
of ER, even after controlling for depression and other pain-
relevant variables. The fear-avoidance belief that work

causes pain (FABQ-work), self-reported prognosis for re-
turning to work and self-reported avoidance behavior had
positive relationships to pain and accounted for 14 % of the
variance in pain. This finding is in line with a number of
cross-sectional and prospective studies showing that FARs
are associated with pain (see [3, 5, 46] for reviews). Rather
new is the finding that, in addition to FAR, ERs, such as
thought suppression and task persistence behavior, were
positively related to clinical pain. With respect to the avoid-
ance—endurance model of pain [47, 48], we suggest that task
persistence behavior despite severe pain will lead to an over-
use/overload of physical structures, causing repeated, minor
damage to the muscles and ligaments and subsequent persis-
tent pain. Prospective studies have suggested that high levels
of physical activity are associated with an increased risk of
lumbar radicular pain (see [49] for review). Thought sup-
pression is linked to pain primarily via an increase in depres-
sion, mediated by a rebound phenomenon that causes feel-
ings of failure and reduced self-efficacy [50]. The existence
of pain coping strategies beyond FAR was previously shown
with the use of several self-report measures of coping efforts.
Rosenstiel and Keefe [51] investigated this issue with the
Coping Strategies Questionnaire (CSQ), which ascertains
how frequently chronic back pain patients use various coping
strategies and how effective patients rate these strategies
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TableS. Summary of Hierarchical Regression Analysis for Disability (R2 of the Final Model = 0.68, F12, 23 Ratio for R2 =4.012%)
Step Variables B R’ change
1 Demographics 0.003
Gender 0.029
Age -0.155

2 Biomedical status 0.360
Lumbar flexibility -0.274

3 Depressive symptoms 0.057
BDI 0.279

4 Somatosensory phenotype (QST) 0.055
Pressure pain threshold-ICA 0.135
Mechanical pain threshold-ICA 0.083
Mechanical detection threshold-ICA -0.083

5 Fear-avoidance-related pain responses 0.196
KPI-avoidance of social activities scale 0.269
FABQ-work as cause of pain scale -0.140
FABQ-prognosis about return to work scale 0.467*

6 Endurance-related pain responses 0.005
AEQ-thought suppression scale 0.107
AEQ-behavioral endurance scale -0.044

* Standardized  weights and significances are displayed from the final model.

* p <0.05, ¥ p <0.01. BDI, Beck depression inventory; ICA, intraindividual control area (hand); KPI, Kiel pain inventory; FABQ, Fear-avoidance beliefs questionnaire; AEQ,

Avoidance-endurance questionnaire.

during their adjustment to chronic pain. The researchers
found coping strategies that ignored pain sensations and in-
creased activity levels were similar to the ER discussed
within the AEM. Jensen et al. [52] developed an inventory to
assess a wider variety of cognitive and behavioral pain cop-
ing strategies (Chronic Pain Coping Inventory, CPCI) com-
pared with the CSQ. The authors categorized task persis-
tence (e.g., “Did not let the pain affect what I was doing”) as
a wellness-focused coping strategy because this behavior
was negatively associated with depression and pain-related
distress. In contrast, our study did not reveal a negative asso-
ciation between behavioral endurance despite severe pain
and depression. Our results indicate that this pain response is
associated with a higher level of back pain intensity. How-
ever, our results did not reveal a negative effect of behavioral
endurance on pain-related disability.

4.4. Predictors of Disability

While ER and QST variables significantly increased the
proportion of variance explained in clinical pain, this finding
was not evident in disability. For disability, the fear-
avoidance belief in a poor prognosis for returning to work
was particularly important in our explanatory model,
whereas structural indices, measures of somatosensory phe-
notype, depression and ER were less important in the expla-
nation of disability. Good evidence supports the relationship

between pain-related fear and disability (see [46] for review).
In a group of female health care workers with LBP on 1 or
more days during the previous 12 months, high fear-
avoidance beliefs increased the risk of missing work due to
sickness one year later [53]. Our results are in accordance
with findings on pain-related fear of movement/(re) injury or
negative outcome expectancies as predictors for greater dis-
ability after lumbar disc surgery [54].

4.5. Technical Considerations

There are several study limitations. The sample size was
inadequate to detect small effects of the predictor variables
on the clinical outcomes of pain intensity and disability. The
ratios between subjects and independent variables in the
multivariate analyses may result in unstable regression coef-
ficients. Replications using larger sample sizes are needed to
shed light on the multi-determination of chronic clinical pain
and disability. All somatosensory data are based on self-
report and potentially affected by variables we did not con-
sider. The authors did not include other important factors,
such as compensation status or personality factors, which
may be predictive of pain and disability.

5. CONCLUSION

Using QST, it is possible to characterize patient sensitiv-
ity to different evoked painful and non-painful stimuli. The
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somatosensory phenotype (pressure pain hyperalgesia at the
hand and tactile hypaesthesia at the hand and the lower back)
as well as pain-related endurance behavior largely explained
the intensity of ongoing pain. Although we need longitudinal
studies investigating hypothesized predictors and outcomes
over time to determine the direction of causation, we may
conclude that pressure pain sensitivity as well as pain-related
endurance behavior could be important additional diagnostic
tools for clinical back pain patients. Distinguishing patient
ER and FAR appears to be helpful for treatment. The effec-
tiveness of cognitive-behavioral treatments in reducing dis-
ability was associated with reduced pain catastrophizing [55,
56] and pain-related fear [57, 58]. Cognitive restructuring
and confrontation with the fearful situation are effective in
reducing catastrophizing cognitions of patients with high
FAR. In contrast, patients with high ER should be encour-
aged to accept the pain experience as a signal that indicates
the importance of taking breaks in daily activities and reduc-
ing physical postures that cause a high load on muscles and
the spine. Interventions including sensory monitoring [47],
reduction of thought suppression and task persistent behavior
might help these patients reach more flexible responses to
pain [48].
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