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1. Introduction
Pain is ubiquitous and serves an important protective function. However, pain also causes a
burden both to the patient and to society (Krismer & van Tulder, 2007; Wenig, Schmidt,
Kohlmann, & Schweikert, 2009). Musculoskeletal disorders, especially back pain (BP), are
responsible for more days of sick leave than any other illness (DAK-Gesundheit, 2012;
Techniker-Krankenkasse, 2012). Almost every person experiences BP at least once in their
life (Schmidt et al., 2007), and the average prevalence of current chronic back pain (CBP) is
10-27% (Freburger et al., 2009; Picavet & Schouten, 2003; B. H. Smith, Elliott, Hannaford,
Chambers, & Smith, 2004).
The most common type of CBP, non-specific CBP (Deyo, Rainville, & Kent, 1992), is the
focus of this dissertation thesis. Although the word “chronic” implies that this pain cannot be
healed, the ability to ameliorate this pain through treatment also seems to be low (Keller,
Hayden, Bombardier, & van Tulder, 2007; Machado, Kamper, Herbert, Maher, & McAuley,
2009; Stein, Reinecke, & Sorgatz, 2010). Therefore, research is necessary to decrease the
burden of CBP for both patients and society.
One important limitation of previous research is related to the methodologies used in these
studies. Many studies have investigated highly selective clinical samples or very
heterogeneous

samples

and

used

non-validated

instruments.

This

hampers

the

generalization of their results. Therefore, there is not only a need for more research in
general but also for research with high methodological quality in particular.
This research must consider that CBP seems to be a complex condition that usually involves
further symptoms in addition to pain in the back. Furthermore, the group of patients with CBP
is reportedly heterogeneous (Natvig, Bruusgaard, & Eriksen, 2001; A. Raspe, Matthis, HéonKlin, & Raspe, 2003). Therefore, CBP is best described by a bio-psychosocial model
(Gatchel, Peng, Peters, Fuchs, & Turk, 2007; Kikuchi, 2008). Application of such a model
has been neglected; this is a second limitation of prior research. Therefore, a comprehensive
assessment of psychosocial aspects and further co-morbidities is necessary to account for
the complexity of CBP.
5

Although mechanism-based approaches were introduced long ago (Woolf et al., 1998), they
have been neglected in research. The lack of specific mechanism-based treatment options
might explain the current insufficiency of treatment. Thus, potential pathophysiological
mechanisms should be studied and linked with clinical variables.
In summary, there is a need for research with high methodological quality that accounts for
the complexity of CBP and links clinical manifestations with pathophysiological findings. The
five studies encompassed by this dissertation thesis will contribute to a better understanding
of CBP and foster the development of new treatment options and diagnostic markers.
In the first study, we determined the prevalence of non-specific CBP in a representative
population-based sample in Germany to address the lack of valid recent information on this
topic. Moreover, we considered the spatial extent of the pain and the bio-psychosocial model
to verify that the group of CBP patients is heterogeneous. In the second study, we estimated
the type and the prevalence of mental co-morbidities in the same sample. Previous studies
may have overestimated the prevalence of mental disorders in CBP due to their use of highly
selected clinical samples that might be especially burdened by their pain. In the third study,
we examined the psychophysiological heterogeneity of CBP patients because it has been
suggested that CBP patients also differ in neurobiological aspects. In the fourth study, we
considered psychophysiological aspects of physical activity. Physical activity is a part of most
CBP treatment programs, but the pathophysiological mechanisms underlying the
effectiveness of physical activity remain largely unclear. In the fifth manuscript, we combined
the results of the previous four studies and introduced a new study designed based on them
and the most recent findings in regard to CBP. The study aims to identify mechanism-based
subgroups of CBP patients and subsequently develop subgroup-specific treatment options.
In conclusion, the author has aimed to foster CBP research by combining the methodological
advantages of population-based studies and clinical methods. Thereby, clinical data
collected with validated instruments will be brought together with psychophysiological
patterns. This will account for the heterogeneity of CBP patients and stimulate the
development of new subgroup-specific treatment options.
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2.0 Background
2.1 Musculoskeletal pain: definition and classification
According to the definition accepted by the International Association for the Study of Pain
(IASP), pain is an “unpleasant sensory and emotional experience associated with actual or
potential tissue damage or described in terms of such damage” (Mersky, 1979). This
definition highlights the subjective aspects of pain that must be considered in research.
Musculoskeletal pain is pain of the bones, joints, muscles, or surrounding structures. The
most common location of musculoskeletal pain is the back, which accounts for 22% to 48%
of all musculoskeletal pain (Chung & Wong, 2007; Gureje, Von Korff, Simon, & Gater, 1998).
Low BP, the most common type of BP, is defined as pain localized between the 12th rib and
the inferior gluteal folds, with or without leg pain (Airaksinen et al., 2006). With regard to the
pathology associated with BP, only 5% to 10% of BP cases are associated with a
pathophysiological correlate (e.g., an inflammatory or degenerative disease such as spinal
stenosis, fracture, disc hernia, ankylosing spondylitis, or rheumatoid arthritis). In most cases
(>90%), the BP is non-specific (Deyo et al., 1992). This is a diagnosis of exclusion, meaning
that no cause or structure responsible for the pain can be determined with currently available
evaluation and/or diagnostic tools (S. S. Weiner & Nordin, 2010).
BP patients are categorized as acute, sub-acute, or chronic cases according to the duration
of the pain. Acute BP occurs suddenly and lasts for less than 6 weeks. Pain that persists for
more than 6 weeks but less than 3 months is classified as sub-acute. Pain with duration of
more than 3 months is usually classified as chronic (Krismer & van Tulder, 2007). The focus
of this dissertation thesis is non-specific chronic low BP. For simplicity, this entity will be
referred to as CBP.
One important concept in CBP is the spatial extent of the pain, which is usually captured
using a pain drawing. A pain drawing is a diagram of the body. Patients are usually asked to
mark all areas in which they experience pain on the pain drawing (Figure 1a). It is possible to
classify patients in different categories of pain extent based on these pain drawings. The
commonly used categories are “chronic local pain” (CLP) and “chronic widespread pain”
7

(CWP). CWP is defined as axial pain (cervical, thoracic, lumbar, or sacral spine) with
contralateral limb pain, whereas CLP is defined as all non-CWP (Wolfe et al., 1990). A
transparent template can be used to facilitate the classification of CLP and CWP (Figure 1b).
However, the spatial extent of the pain is a neglected aspect of CBP, and the designations of
CLP and CWP might not fully describe the heterogeneity of CBP patients. Therefore,
research that links pain extent with clinical variables and neurobiological correlates is
necessary.

Figure 1a. Patients are asked to indicate all areas of
their body in which they experience pain.

Figure 1b. The transparent template indicates the
boundaries of each body region. It is placed over the
drawings to assist in analysis.

2.2 Epidemiology of chronic musculoskeletal pain
Epidemiology is the study of the distribution and patterns of diseases or health-related
variables and their causes or influences in well-defined populations. Thus, risk factors for
diseases and targets for preventive approaches can be identified. One important concept in
epidemiology is prevalence. Prevalence is defined as the proportion of cases in a population
that satisfy the criteria for a respective disease (or e.g., a behavior or risk factor) at a given
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time point. Thus, it is possible to estimate how common a risk factor is in the population over
a certain period of time (Gordis, 2009). In CBP research, the time periods are usually defined
as “in the moment” (point-prevalence/current prevalence rate), “within the last year” (oneyear prevalence rate), or “once in your life” (lifetime prevalence rate; Hoy et al., 2012).
Chronic pain of the musculoskeletal system is common. Studies report current prevalence
rates from 13.5% to 47%, with a mean prevalence of approximately 30% (Cimmino, Ferrone,
& Cutolo, 2011). Lifetime prevalence for BP varies between 48% and 84% (G. B. J.
Andersson, 1999; McBeth & Jones, 2007). These values are consistent with those of a
recent German study that reported a current prevalence of 37.1%, a 1-year prevalence of
76%, and a lifetime prevalence of 85.5% for BP (Schmidt et al., 2007). However, this study
did not report prevalence values for CBP.
With regard to chronic conditions, the average current prevalence rates are 10-27% for CBP
(Freburger et al., 2009; Picavet & Schouten, 2003; B. H. Smith et al., 2004) and 7-13% for
CWP (Gran, 2003; Staud, 2009). The wide range of prevalence rates likely reflects
differences in the geographical areas, case definitions, methodologies, and investigated
samples used in different studies (Dionne et al., 2008; Hoy et al., 2012; McBeth & Jones,
2007; H. Raspe, Matthis, Croft, & O'Neill, 2004; Tsang et al., 2008). In addition, the
prevalence of BP and CBP (Harkness, Macfarlane, Silman, & McBeth, 2005; D. K. Weiner,
Kim, Bonino, & Wang, 2006) and the demand for consultation and treatment are increasing
(H. I. Andersson, Ejlertsson, Leden, & Scherstén, 1999; Freburger et al., 2009). The
increases in prevalence might be due to the aging of the population (Ahacic & Kåreholt,
2010; Hoy et al., 2012). However, there are many other factors that might account for this
increase, such as increased reporting behavior, higher awareness of pain, or more/higher
risk factors for reporting, such as psychological distress, the possibility of receiving
compensation claims, etc. (Harkness et al., 2005; H. Raspe & Kohlmann, 1994).
Chronic pain is characterized by its high persistence. Studies with 1- to 12-year follow-up
periods showed that 75% to 90% of patients with chronic pain as well as patients with CBP
had persistent pain. Higher severity, higher distress, and higher pain extent were associated
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with lower recovery rates (H. I. Andersson, 2004; Bergman, Herrström, Jacobsson, &
Petersson, 2002; McBeth, Macfarlane, Hunt, & Silman, 2001). Moreover, many variables
have been identified as associated with the onset, chronicity and spread of pain. Several
variables that are consistently observed are age, female sex, education, and the spatial
extent of the pain (H. I. Andersson, 2004; Cimmino et al., 2011; Hoy et al., 2012). Therefore,
research on the prevalence of CBP in Germany using comprehensive approaches is
necessary. This research should also account for psychological distress (H. Raspe, Hüppe,
& Matthis, 2003) because mental co-morbidities are associated with the onset and
persistence of pain (Gureje, Simon, & Von Korff, 2001; McBeth et al., 2001).

2.3 Chronic musculoskeletal pain and mental disorders
Studies of mental co-morbidity in patients with CBP performed in the 1980s were an
important first step in demonstrating a strong relationship between chronic pain and
psychological factors (Fishbain, Goldberg, Labbe, Steele, & Rosomoff, 1988; Katon, Egan, &
Miller, 1985; Reich, Rosenblatt, & Tupin, 1983). Subsequent research confirmed the reported
association. For example, it was suggested that approximately 65% of patients with
depression have pain symptoms, and 18-85% of patients with pain have depression
(depending on the pain condition and the study population; Bair, Robinson, Katon, &
Kroenke, 2003).
Chronic musculoskeletal pain has also been found to be associated with a higher prevalence
of mental disorders in general. Patients with CBP (Demyttenaere et al., 2007; Patten,
Williams, & Wang, 2006) and CWP (Benjamin, Morris, McBeth, Macfarlane, & Silman, 2000)
suffer from mental disorders significantly more frequently than pain-free controls. The
prevalences of current Axis-I mental disorders ranged from approximately 30% to 75% in
CBP patients compared to approximately 20% in the general population (Jacobi et al., 2004;
Wittchen et al., 2011), excluding somatoform pain disorder (Härter et al., 2002; Thieme, Turk,
& Flor, 2004). The most common mental co-morbidities are mood disorders, anxiety
disorders and substance-related disorders (Härter et al., 2002; Knaster, Karlsson, Estlander,
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& Kalso, 2012), consistent with data from the general population (Jacobi et al., 2004;
Wittchen et al., 2011).
In a group of musculoskeletal pain patients, the current prevalence rates of anxiety, mood,
and substance-related disorders (excluding nicotine dependence) were 15%, 10.7%, and
2%, respectively (Härter et al., 2002; general population: 9%, 6%, and 3%, respectively;
Jacobi et al., 2004). Life-time prevalence rates were reported as 33.5%, 32.5%, and 9%,
respectively (Härter et al., 2002; general population: >14.5%, 18.6%, and 10%, respectively:
Jacobi et al., 2004). The frequency of Axis-II personality disorders in chronic pain patients
are inconsistent (Dersh, Polatin, & Gatchel, 2002) with reported prevalence rates ranging
from approximately 9% to 60% (Kinney, Gatchel, Polatin, Fogarty, & Mayer, 1993; Thieme et
al., 2004).
The association of CBP and mental co-morbidities also has clinical implications. Co-morbid
depression is associated with more pain complaints, more frequent pain episodes, a longer
duration of pain, more intense pain, more days out of work, higher hospitalization rates and
greater health care utilization (Bair et al., 2003).
Furthermore, mental disorders are also of interest in the transition from (sub-acute) BP to
CBP. First-onset BP is more likely to progress to CBP in men who have been diagnosed with
major depression, GAD, or PTSD at some time in their lives (OR = 4.99, 2.45, and 3.23,
respectively; Shaw et al., 2010). Moreover, the current and lifetime prevalence rates of
depression and anxiety disorders are higher in CBP patients than in sub-acute BP patients
(Kinney et al., 1993).
Mental co-morbidity is also of interest in the spread and generalization of CBP. The odds
ratio for psychiatric disorders in CWP compared to non-CWP patients is 3.18 (Benjamin et
al., 2000), and the current prevalence rates for psychiatric disorders are 16.9% in CWP
compared to 6.5% in CLP (Benjamin et al., 2000). Conversely, pain characteristics also
influence mental co-morbidity. Current pain intensity was associated with higher odds of
mental disorders (Knaster et al., 2012). These findings suggest that mental disorders are
specifically associated with chronic pain and that research should target this association. It is
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of special interest to determine whether this association also holds in non-selective,
population-based samples. The complex association of CBP and mental co-morbidity
demands mechanism-based approaches that might account for this complexity.

2.4 Mechanism-based theories of chronic musculoskeletal pain
The etiology and pathogenesis of chronic musculoskeletal pain are still mainly unknown.
Moreover, there is evidence suggesting that subgroups of CBP patients may differ in terms of
etiopathology, clinical symptomatology, and psychophysiological patterns. The heterogeneity
of CBP patients (Natvig et al., 2001; A. Raspe et al., 2003) is supported by the finding that
the same disease can arise from various pathophysiological mechanisms. Conversely, the
same pathophysiological mechanism may be relevant to distinct diseases (C. Maier et al.,
2010). This could explain differences in responses to the same treatments in patients with
the same disease (C. Maier et al., 2010; Woolf & Mannion, 1999). Consequently, these
subgroups should be treated with specific mechanism-based approaches, but to date, they
have been treated with the same non-specific multimodal treatment programs, which often
have only minor success (Karjalainen et al., 2009; Machado et al., 2009; O'Brien et al.,
2010).
One of the most promising approaches to understanding CBP pathogenesis addresses the
role of the central nervous system (CNS). Many techniques have been applied to detect
abnormalities in the CNS, including quantitative sensory testing (QST; Dadabhoy, Crofford,
Spaeth, Russell, & Clauw, 2008). QST is a method used to assess somatosensory function.
A comprehensive QST protocol permits the determination of pain and detection thresholds
and the discrimination of local vs. generalized and peripheral vs. central nervous
mechanisms (Rolke et al., 2006). QST aberrations including signs of abnormal central
nervous pathway function have been found in CBP. For example, studies have reported low
pain thresholds and pain tolerance values in patients with CBP (Flor, Diers, & Birbaumer,
2004). Another aspect of the psychobiology of pain is descending pain inhibition. It was
found that pain inhibition is deficient in patients with different pain conditions (King et al.,
12

2009; Leonard et al., 2009; Normand et al., 2011). Both somatosensory processing and pain
inhibition might also be influenced by mental disorders (de Souza, Potvin, Goffaux, Charest,
& Marchand, 2009; Klauenberg et al., 2008; Moeller-Bertram, Keltner, & Strigo, 2012).
One important variable that has been associated with pain processing and pain inhibition is
physical activity. Physical activity represents an important therapeutic concept in chronic pain
(Hassett & Williams, 2011; Hayden, van Tulder, Malmivaara, & Koes, 2011) and is a part of
most

pain

treatment

programs

(Bundesärztekammer

(BÄK),

Kassenärztliche

Bundesvereinigung (KBV), & Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen
Fachgesellschaften (AWMF), 2010; Themenheft, 2012). Different mechanisms underlying
physical activities effects on pain have been proposed to be involved (Koltyn, 2000; Koltyn &
Umeda, 2006). There is consistent evidence that pain perception is reduced for a limited
period of time following an episode of intense exercise (so-called ”acute exercise-induced
analgesia”; Koltyn, 2000; Kosek & Lundberg, 2003). It has been theorized that physical
activity activates some generalized endogenous pain-modulatory mechanisms, such as
conditioned pain modulation (CPM; formerly termed “diffuse-noxious-inhibitory-control”;
Boecker et al., 2008; Koltyn, 2000). Moreover, a deficit in this system is associated with
chronic widespread pain (CWP; Normand et al., 2011). However, the mechanisms of longterm changes in pain processing due to physical activity remain unclear.
The major hypothesis underlying the mechanism-based diagnosis in chronic pain syndromes
is that defined symptoms and signs reflect possible underlying neurobiological mechanisms
(Jensen & Baron, 2003; Woolf & Mannion, 1999). Therefore, the psychobiological
assessment of CBP may detect common underlying pathophysiological changes. This might
foster the development of mechanism-based treatment options and will impact the medical
care of pain patients. Therefore, the assessment of chronic pain and research to identify
factors associated with the development, maintenance, and spread of chronic pain, including
their neurobiological correlates, is highly relevant. For example, this research may include
studies of differences and commonalities of different subgroups of patients with CBP and the
effects of preventative and therapeutic treatments such as regular physical activity.
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3. Publications

3.1

Study

1:

The

prevalence

of

chronic

non-specific

musculoskeletal pain and the role of the spatial extent of the pain
Gerhardt, A., Hartmann, M., Blumenstiel. K., Tesarz, J., & Eich, W. (in review)
Two major problems arise when CBP research is discussed. First, much of the information
about BP has been gathered in clinical studies and is thus applicable only to a highly
selected population. The authors therefore conclude that there is an urgent need for surveys
on CBP in a representative population-based sample. Second, in most cases, CBP is only
one aspect of a more complex syndrome that consists of additional pain and other symptoms
(Natvig et al., 2001; A. Raspe et al., 2003). This is consistent with the bio-psychosocial
perspective, which proposes that BP is associated with other pain and somatic symptoms as
well as with social and psychological factors (Gatchel et al., 2007; Hancock, Maher, Laslett,
Hay, & Koes, 2011; Kikuchi, 2008; H. Raspe et al., 2003). Therefore, it is important to
consider the extent of pain and co-morbidities as well as correlates of chronic
musculoskeletal pain conditions.
Population-based data on CBP in general is available, but these data are typically based on
questionnaire results. Thus, it is not possible to determine whether patients suffer from
specific causes of CBP or from non-specific pain. Moreover, there is a lack of current data on
the prevalence of CBP in representative population-based samples in Germany.
The aim of our study was therefore to determine the prevalence of non-specific CBP in the
general population of southwest Germany. Because the group of chronic musculoskeletal
pain patients is reported to be heterogeneous (Natvig et al., 2001; A. Raspe et al., 2003), we
also consider variables that might be associated with pain extent. Therefore, we combined
the advantages of a population-based approach with those of clinical examination-based
studies to enhance the validity of our findings and to overcome the limitations of prior
research (Gerhardt, Hartmann, Blumenstiel, Tesarz, & Eich, in review).
14

We contacted 4000 representative inhabitants of southwest Germany by mail. Of the
responders, 427 subjects suffered from CBP. With respect to the general population of
southwest Germany, the age- and sex-adjusted prevalence rates for CBP and chronic
widespread pain (CWP) were 17.7% and 6.7%, respectively. Other studies have reported
prevalence rates for CBP ranging from 10% (Freburger et al., 2009) to 27% (Picavet &
Schouten, 2003; B. H. Smith et al., 2004). Thus, the prevalence of CBP found in our study
ranks in the middle of the previously reported range. The prevalence of CWP found in our
study was relatively low (Gran, 2003; Staud, 2009; Wolfe, Ross, Anderson, Russell, &
Hebert, 1995) compared with those in previous reports. The differences in the reported
prevalence rates can be explained by the different definitions of CBP and methodologies
used in different studies.
Our data corroborates the assumption that the group of chronic pain patients is
heterogeneous in terms of pain extent (Natvig et al., 2001). For example, persons referred to
as having CLP can have pain in a single circumscribed area or pain affecting one entire half
of the body. Therefore, the commonly used categorization of CLP vs. CWP is inadequate.
We developed a pain drawing classification system to measure the extent of pain from a
clinical point of view in a standardized manner to address this neglected issue. We
subdivided the CLP and CWP groups into two groups each, depending on the extent of pain
affecting the spine and the limbs (see caption of Figure 2.). Only 19.6% of those with CBP
were categorized as having strict local pain (SLP), 42.1% reported chronic regional pain
(CRP), 24.3% reported common chronic widespread pain (CoCWP), and 13.9% reported
extreme chronic widespread pain (ExCWP).
This finding has clinical implications. CBP is typically treated as a distinct disease. This
approach seems artificial because almost 40% of the CBP subjects fulfilled the criteria for
CWP, and only 19.6% had pain in the back only. This might contribute to the low treatment
success. That most patients report pain in more than one body location is in line with the
results of other studies (Carnes et al., 2007; Natvig et al., 2001; Picavet & Schouten, 2003),
although extremely extensive pain is rare (Carnes et al., 2007). Thus, results that refer to
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CBP must be interpreted with caution when observed in isolation from concomitant
symptoms.
Instead, bio-psychosocial models that account for the amplification of CBP into a broader
syndrome that involves pain elsewhere, other somatic symptoms, psychological factors, and
social and occupational context seem to be more appropriate (Hancock et al., 2011; Kikuchi,
2008; H. Raspe et al., 2003).
To account for the bio-psychosocial model we evaluated the associations of our four pain
extent groups with sociodemographic variables and overall clinical context. Our findings are
consistent with those of other studies, which have shown that increased pain extent is
associated with female gender (Gran, 2003; Staud, 2009; Wolfe et al., 1995), a higher rate of
applications for disability pensions (Kamaleri, Natvig, Ihlebaek, & Bruusgaard, 2009), higher
pain severity, and greater impairment (Carnes et al., 2007; Wenngren & Stålnacke, 2009).
Moreover, greater extents of pain were associated with more medical consultations and
greater pain medication use.
In conclusion, our data show that CBP is prevalent and that pain is not restricted to the back
in most individuals with CBP. This challenges the concept of CBP as a distinct entity. Our
proposed four-group classification system that links the extent of pain with sociodemographic
and clinical variables was able to subdivide the patients in distinct groups. This underscores
the utility of classifying pain patients according to pain extent. Clinically, the developed
classification system can be used to identify highly distressed/burdened subjects that might
be responsible for a large share of the costs associated with CBP. In addition, physicians
should pay closer attention to clinical variables other than pain extent, especially in patients
with more extensive spread of pain. As we showed, this group has also higher rates of
mental co-morbidity. Due to the high prevalence of mental disorders in chronic pain patients,
as was observed in our sample, we decided to use the SCID as the gold standard for the
assessment of mental disorders in the second study. Due to the observed heterogeneity of
sociodemographic variables and clinical profiles of these CBP patients, we tested whether
there is also psychophysiological heterogeneity within the CBP group in the third study.
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Figure 2. The four classes of pain extent in the new suggested classification system. Chronic local pain (CLP)
and chronic widespread pain (CWP; for classification see Figure 1) were each subdivided. a) Strict back pain:
pain in 1 to 3 spinal areas, no further pain. b) Chronic regional pain: pain in the spinal area plus additional pain,
but criteria for CWP not fulfilled. c) Common CWP: pain in the spinal area plus at least two contralateral limbs but
not all four limbs. d) Extreme CWP: all spinal areas and all four limbs.
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3.2 Study 2: Chronic non-specific musculoskeletal pain and mental
disorders
Gerhardt, A., Hartmann, M., Schuller-Roma, B., Blumenstiel, K., Bieber, C., Eich, W.,
& Steffen, S. (2011).
Patients with CBP are more likely to suffer from mental disorders than are pain-free
individuals (Demyttenaere et al., 2007; Uguz et al., 2010). However, the prevalence of
mental co-morbidities is sample dependent (Bair et al., 2003), and few data related to the
prevalence of mental co-morbidities in CBP patients in Germany are available. Moreover,
mental co-morbidity in CBP is often assessed through questionnaires. This limits the validity
of the results because most questionnaires include both somatic and vegetative signs
(Fishbain, Cutler, Rosomoff, & Rosomoff, 1997). Thus, diagnoses of many disorders and
chronic pain might be confounded.
The aim of this study was to investigate the prevalence and types of mental co-morbidities in
a well-characterized, representative population-based sample of subjects with non-specific
CBP (Gerhardt et al., 2011). The main advantage of our approach was that individuals with
CBP were drawn from the general population rather than from a specific clinical setting. The
second strength was the simultaneous assessment of Axis-I and -II disorders in a validated
clinical interview. The third advantage was the use of a physical examination to ensure that
the diagnosis of non-specific CBP was not based on patient self-reports, as is common.
In our population-based sample of 4000 inhabitants of the Rhein-Neckar-Kreis (see study 1),
we randomly selected 50% of the subjects for a Structured Clinical Interview for DSM-IV
(SCID). The SCID-I + II was used to assess current (within the previous four weeks) mental
co-morbidity and was completed by 110 subjects with non-specific CBP.
Of the subjects with CBP, 39 (35.5%) received at least one current Axis-I diagnosis,
excluding somatoform pain disorders. Anxiety disorders (20.9%) and affective disorders
(12.7%) were the most frequent diagnoses, followed by substance-related disorders (7.3%)
and eating disorders (5.5%).
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The prevalence of at least one Axis-II personality disorder (PD) was 15.5%. The most
frequent diagnoses were obsessive-compulsive and avoidant PD (4.5% each), followed by
borderline PD (3.6%), paranoid PD (2.7%) and narcissistic PD (0.9%). Thus, diagnoses in
Cluster C (anxious or fearful disorders) were the most prominent and were found in 9.1% of
subjects.
When the psychopathological aspects of both Axes are considered together, a consistent
tendency towards vulnerability to anxiety, fear and avoidance was observed among our
subjects, as reported elsewhere (Malmgren-Olsson & Bergdahl, 2006). Sensitivity to anxiety
can be viewed as a precursor to pain-related fear or depression; avoidance behavior or
disability is thought to be a response to pain (Alschuler, Theisen-Goodvich, Haig, & Geisser,
2008; Murphy, Lindsay, & De C Williams, 1997; Vlaeyen & Linton, 2000). Furthermore,
avoidance may contribute to the maintenance or exacerbation of chronic pain and produce a
number of additional negative physical and psychological symptoms. Fearful people are
more conscious of possible threatening signals and are therefore less able to shift their
attention away from pain-related information (Vlaeyen & Linton, 2000). Additional longitudinal
studies are needed to better characterize the role of anxiety in chronic pain.
The prevalence rates found here rank at the lower end of the previously reported range of
mental co-morbidity rates in subjects with CBP (Atkinson, Slater, Patterson, Grant, & Garfin,
1991; Dersh, Gatchel, Polatin, & Mayer, 2002; Katon et al., 1985; Polatin, Kinney, Gatchel,
Lillo, & Mayer, 1993). However, the prevalence of Axis-I disorders remains significantly
elevated compared to that in the general population (OR 2.23, p < 0.001; Jacobi et al., 2004).
The prevalence of Axis-II disorders is comparable to that found in the general population (W.
Maier, Lichtermann, Klingler, Heun, & Hallmayer, 1992). Other studies are consistent with
our findings of a significantly higher, albeit still moderate, prevalence of mental co-morbidity
in patients with CBP (31%-38%; Härter et al., 2002; Joukamaa, 1991; Mayr, Högler,
Ghedina, & Berek, 2003; Von Korff et al., 2005).
The most frequent mental co-morbidities that we reported were anxiety disorders (20.9%). In
contrast, others have reported that affective disorders are the most frequent mental co-
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morbidities in patients suffering from pain (Kinney et al., 1993; Polatin et al., 1993). The
finding that anxiety disorders were the most prevalent might be due to our population-based
setting, as confirmed by other population-based studies (McWilliams, Cox, & Enns, 2003;
Stang et al., 2006; Von Korff et al., 2005) and consistent with data from the general
population (Jacobi et al., 2004). It can be hypothesized that depressed patients tend to be
identified more easily in the medical system than are patients with anxiety disorders because
patients with depression are more likely to seek help than are patients with anxiety disorders
(Essau, Conradt, & Petermann, 2000; Henderson, Pollard, Jacobi, & Merkel, 1992).
The recognition of anxiety, fear and avoidance may be well established in research literature
and in specialized pain centers. However, our population-based setting also captures
patients with low to moderate pain intensity and those with low help-seeking behavior. These
patients also suffer from mental co-morbidities, and failing to recognize this fact may foster
chronification. Moreover, rehabilitation may be compromised if concurrent psychiatric
disorders are not recognized and adequately treated (Dersh et al., 2007; Gatchel, 1996).
Therefore, we recommend that a standardized screening for and assessment of mental
disorders be implemented in conjunction with the initial pain assessment and at regular
intervals. This should also be conducted in primary care settings, not only in research or
specialized pain centers. This might help to reduce the high number of untreated patients
who may be reluctant to seek help in overcoming pain due to their anxiety disorder.

3.3 Study 3: Somatosensory (mechanism-based) aspects of chronic
non-specific musculoskeletal pain
Blumenstiel, K., Gerhardt, A., Rolke, R., Bieber, C., Tesarz, J., Friederich, H.-C.,
Eich, W., & Treede, R.-D. (2011).
Due to the observed heterogeneity of CBP patients (e.g., in study 1) and insufficient
treatment success, we tested whether there are also psychophysiological differences

20

between distinct subgroups of CBP patients (Blumenstiel et al., 2011). Such findings might
have implications for treatment and potentially improve treatment success.
Research has revealed certain alterations in the central nervous system that lead to greater
pain sensitivity in both CBP and fibromyalgia syndrome (FMS; CWP plus tenderness in
specified regions; Arendt-Nielsen & Graven-Nielsen, 2003; Desmeules et al., 2003).
However, it is unclear whether CBP and FMS subjects show the same or different
alterations. Therefore, the aim of this study was to identify commonalities and differences in
the pathophysiologies of CBP and FMS.
We used the German Research Network on Neuropathic Pain (DFNS) QST protocol to
obtain comprehensive profiles of somatosensory function. The protocol comprised thermal
and mechanical detection and pain thresholds, vibration thresholds, and pain sensitivity to
sharp and blunt mechanical stimuli (Rolke et al., 2006). We studied 21 FMS patients, 23 CBP
subjects, and 20 healthy controls (HC). Each subject underwent the battery of tests on the
back (pain site) and on the dorsal hand (pain-free control site).
The FMS group showed significantly increased mechanical and thermal pain sensitivity (with
the exception of HPT over the hand dorsum) compared to the CBP and HC groups, whereas
detection sensitivity was not increased. Our sensory profile suggests that hyperalgesia in
FMS may involve all nociceptive submodalities. Moreover, pain sensitivity was increased
over the back and hand dorsum (parallel profiles for back and hand; Figure 3a). Thus, the
increased sensitivity in FMS is generalized in space (superficial and deep pain, back and
hand) and across nociceptive submodalities, but not to other somatosensory functions.
The best possible explanation for such generalized hyperalgesia is a deficiency in the pain
inhibitory system (Villanueva & Le Bars, 1995). The term “central sensitization”, often used in
the context of FMS (Desmeules et al., 2003; Price & Staud, 2005), does not sufficiently
describe the clinical picture. This term implies an increased excitability of the central
neurons, but its effects are restricted in space to the receptive fields and often limited to
mechanical test stimuli (Treede, Handwerker, Baumgärtner, Meyer, & Magerl, 2004; Treede,
Meyer, Raja, & Campbell, 1992). Disinhibition, in contrast, strikes the entire body and may be
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Figure 3a. QST profiles in fibromyalgia syndrome
patients. Circles: hand, triangles: back. Filled symbols:
significant difference from healthy controls (open
symbols: n.s.; t test). *P < 0.05, **P < 0.01, ***P <
0.001, paired t test of hand versus back. Parallel
profiles between hand and back indicate generalized
sensory changes. CDT, cold detection threshold; CPT,
cold pain threshold; HPT, heat pain threshold; MDT,
mechanical detection threshold; MPS, mechanical pain
sensitivity; MPT, mechanical pain threshold; PPT,
pressure pain threshold; TSL, thermal sensory limen;
VDT, vibration detection threshold; WDT, warm
detection threshold; WUR, wind-up ratio; values are
mean±SEM.

Figure 3b. QST profiles in chronic back pain patients.
Circles: hand, triangles: back. Filled symbols:
significant difference from healthy controls (open
symbols: n.s.; t tests). *P < 0.05, ***P < 0.001, paired t
test hand versus back. Significant differences indicate
that sensory changes are localized to the back.
Abbreviations are defined in the legend to Figure 3a.
Values are mean±SEM.
Figure 3 a and b: Reproduced from the Clinical Journal
of Pain (volume 27, number 8, pages 682-690), with
permission from Walters Kluwer Health.

adequate to explain a generalized pain syndrome such as FMS. Thus, the role of
disinhibition should be addressed in future studies (Pud, Granovsky, & Yarnitsky, 2009;
Yarnitsky et al., 2010).
We found an increased pressure pain sensitivity and lower vibration sensitivity on the back,
but no significant differences in the dorsum of the hand, in sample of CBP subjects
compared to HCs. Increased PPT sensitivity primarily reflects muscle nociception and
peripheral sensitization (Kilo, Schmelz, Koltzenburg, & Handwerker, 1994; Kosek, Ekholm, &
Hansson, 1999). The restriction of sensitization to the painful area in the back means that
there were no signs of pain generalization (Figure 3b). These results suggest localized
changes in the muscles and joints. There was no evidence for central sensitization or
disinhibition in our sample of CBP subjects, indicating that chronic pain per se is not
sufficient to indicate these abnormalities.
This finding is intriguing because other authors (Giesecke et al., 2004) have suggested that
central sensitization is involved in both FMS and CBP. Because our CBP sample was drawn
from the general population, widespread pain sensitivity observed in pain clinic patients may
not be representative of all patients with CBP. Therefore, parameters other than chronic
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ongoing nociceptive pain are likely to be predisposing factors for widespread pain and FMS.
Such factors may include pain intensity, the subtype of CBP, and psychosocial factors, which
were investigated in study 1 and 2.
In summary, FMS and CBP subjects exhibit distinct sensory profiles. This finding
underscores that CBP patients are heterogeneous with regard to not only sociodemographic
and clinical variables but also psychophysiological measures. This is consistent with the
main hypothesis of a mechanism-based diagnosis in chronic pain syndromes, which
proposes that defined symptoms and signs reflect possible underlying neurobiological pain
mechanisms (Jensen & Baron, 2003; Woolf & Mannion, 1999). Based on these findings and
the suggested role of the descending pain modulatory system in the observed alterations, we
designed study 4. Study 4 addresses a protective/curative factor, physical activity. Physical
activity is a major component of the treatment for chronic musculoskeletal pain, and
descending pain modulation is discussed as a potential factor in its efficacy.

3.4 Study 4: Evaluation of physical activity as a mechanism-based
concept
Tesarz, J., Gerhardt, A., Schommer, K., Treede, R.-D., & Eich, W. (2013).
Regular physical activity is recommended in many chronic musculoskeletal pain treatment
guidelines (BÄK, KBV, & AWMF, 2010; Themenheft, 2012). However, although there is
consistent evidence that pain perception is reduced for a limited time period following an
episode of intense exercise (Koltyn, 2000), the effect of regular physical activity on long-term
changes in pain perception and pain processing at rest is inconsistent. A meta-analysis to
which the author of this doctoral thesis contributed concluded that athletes possess higher
pain tolerance than normally active controls, whereas the available data on pain threshold
are less uniform (Tesarz, Schuster, Hartmann, Gerhardt, & Eich, 2012). However, there was
a high heterogeneity between the included studies, possibly due to the different pain
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induction methods and heterogeneous study groups used. Moreover, the underlying
mechanisms remain largely unclear.
Therefore, we conducted a study to identify differences and commonalities in pain perception
and pain processing at rest between athletes (n = 25) and normally active controls (n = 26).
Our study is the first to assess pain perception in athletes using a comprehensive
standardized and validated pain assessment protocol (QST) and an objective evaluation of
physical fitness (VO2max; Tesarz, Gerhardt, Schommer, Treede, & Eich, 2013). We also
evaluated the endogenous pain modulating system to investigate a potential underlying
mechanism (conditioned pain modulation, CPM; i.e., the diffuse-noxious-inhibitory-controllike effect). CPM was measured using two tonic heat pain stimuli separated by a 2-min cold
pressor task (CPT; conditioning stimulus). The theory behind is that pain inhibits subsequent
pain by activating the descending pain modulatory system (Le Bars, Dickenson, & Besson,
1979a, 1979b). CPM is quantified by subtracting the pain ratings given before the CPT from
those given after the CPT. Negative values indicate CPM activity.
We observed an increased mechanical pain threshold and an increased sensitivity to
vibration in the athletes. No significant differences were found for heat, cold or pressure pain
thresholds or for temperature and mechanical detection thresholds.
These findings are consistent with previous work, which also showed no differences for heat
(L. Smith, 2004; Sternberg, Bailin, Grant, & Gracely, 1998) or pressure pain thresholds
between athletes and normally active controls (Manning & Fillingim, 2002; Ryan & Kovacic,
1966). The isolated loss of function for pinprick stimuli described in this study is particularly
interesting because MPT by pinprick has not been tested previously in athletes. An increase
in MPT can be caused by either denervation of the peripheral nociceptors or inhibition within
the central nervous system (Treede & Magerl, 2000; Ziegler, Magerl, Meyer, & Treede,
1999). Even if only MPT and VDT differed significantly between the groups, it is worth noting
that except for vibration, all QST parameters showed a general tendency toward a reduced
sensitivity indicating a ’loss of function‘.
The increased sensitivity to vibration is an interesting finding because the vibration detection
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threshold was the only measure that exhibited a gain of function (more sensitive perception).
There is evidence that vibration perception is associated with postural control (Kristinsdottir,
Fransson, & Magnusson, 2001; Kristinsdottir, Jarnlo, & Magnusson, 1997). Postural control
is an important feature of athletic competence, and enhanced vibration sensitivity may be the
result of a well-trained locomotive system. However, this explanation is rather speculative,
and further research is needed to better understand the underlying mechanisms.
Another important finding was that CPM was different in athletes and normally active
controls. Interestingly, athletes were characterized by a significantly lower activation of the
CPM by the CPT than were normally active controls. One possible explanation for this
phenomenon may be an elevated activation level of the endogenous pain inhibitory system in
athletes. This continuously heightened activation level of endogenous pain inhibition may
impede additional activation by the CPT. This ‘elevated activation-level hypothesis’ to
describe the inhibitory pain control in athletes is consistent with our observation that all QST
parameters, except VDT, showed a general trend of reduced sensitivity in the athletes.
However, there are also other promising explanations, such as a shift in the activation
threshold of the endogenous pain inhibitory system in athletes. The ‘threshold hypothesis’
postulates that the pain inhibitory system in athletes requires stronger stimuli for activation or
that – using fixed stimulus intensity – the same stimulus will result in a lower activation of the
pain inhibitory system in these subjects.
The specific mechanism underlying alterations of pain perception at rest in athletes cannot
be clarified in detail based on these findings alone, but our data suggest that the endogenous
pain inhibitory system may be less responsive in athletes. Further research should be
conducted to investigate the underlying mechanisms in greater detail, including longitudinal
studies that address this “chicken and egg” question.
Study 5 will combine clinical variables and psychophysiological measures because we
showed that CBP patients exhibit differences in both types of variables. Moreover, the
investigation of the association between clinical context/symptoms and psychophysiological
measures is a strong candidate subject for a comprehensive approach.
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3.5 Study 5: Research agenda on mechanism-based concepts in
chronic non-specific musculoskeletal pain
Gerhardt, A., Hartmann, M., Tesarz, J., Janke, S., Leisner, S., Seidler, G., & Eich, W.
(2012).
The establishment of a mechanism-based subgroup classification of pain and the
development of associated specific treatments were suggested more than a decade ago
(Woolf et al., 1998). Since then, the topic has been controversial (Jensen & Baron, 2003;
Turk, 2005; Wand & O'Connell, 2008; Woolf & Mannion, 1999). The small effect sizes of
chronic pain treatments were suspected to be due to non-specific treatment approaches that
could not address many different pain generating and maintaining mechanisms (C. Maier et
al., 2010; Woolf & Mannion, 1999). This is also supported by clinical experience, which
shows that the subgroups of chronic pain patients are heterogeneous despite suffering from
the same disease, i.e., non-specific CBP.
Study 1 and 2 showed that the group of CBP patients is heterogeneous and that patients
differ in many sociodemographic and clinical variables (Gerhardt et al., in review; Gerhardt et
al., 2011). Study 3 added that the group of CBP patients is also heterogeneous in terms of
psychophysiological patterns (Blumenstiel et al., 2011). Study 4 showed that behavioral
aspects are associated with psychophysiological changes in pain perception and pain
processing, suggesting that the psychophysiological differences due to factors in addition to
different pain characteristics (Gerhardt et al., 2012). In summary, our studies validate the
hypothesis that that chronic musculoskeletal pain patients are heterogeneous due to the
number of mechanisms involved in chronic pain.
These findings support the assumptions of mechanism-based approaches in CBP. The
identification of patient subgroups is necessary to establish distinct pathophysiological
mechanisms and targets for mechanism-based treatment options. However, only a few
studies have aimed to identify different pain mechanisms (Blumenstiel et al., 2011; C. Maier
et al., 2010), and those studies have predominantly focused on the general aspects of pain
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processing, thus neglecting the heterogeneity of patients with musculoskeletal pain.
Consequently, there is a need for studies that comprise a multitude of the mechanisms that
are potentially involved in the chronicity and spread of pain.
We developed a theoretical framework (Figure 4) that accounts for many of the variables that
are of interest in chronic pain. In the current study, we consider this comprehensive
framework in addition to the mental co-morbidities and psychophysiological patterns that we
have studied previously. Thus, we link sociodemographic and clinical variables with
neurobiological observations to account for the heterogeneity of CBP patients. Consequently,
specific mechanism-based subgroups of pain patients should be identified and eventually
matched to specific mechanism-based treatment options (Gerhardt et al., 2012).

Figure 4. Theoretical framework.

Our research is novel in its comprehensive approach and its use of reliable and valid
diagnostic tools. This approach comprises many variables that have been shown to be
involved in changes in sensory processing. This comprehensive approach, which combines
clinical manifestations and neurobiological variables, will foster research on CBP and the
treatment of CBP patients.
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4.0 Summary and conclusions
CBP is widespread and is associated with a high burden to the patient and immense costs.
However, CBP treatments are typically unsuccessful. This might be due to the use of
nonspecific treatment options that do not account for the heterogeneity among CBP patients.
In addition, research on CBP is typically based on highly selected samples, often relies on
data gathered from questionnaires rather than interviews or examinations, and usually
neglects the heterogeneity of patients. This might lead to biases.
Therefore, we conducted several studies that combined the advantages of epidemiological
and clinical research (e.g., the use of representative samples and more objective and valid
data, respectively). These studies also accounted for patient heterogeneity, and, in a second
step, tried to link the clinical manifestations and psychophysiological/pathophysiological
mechanisms.
Our results show that CBP is highly prevalent in the general population (17.7%; study 1) and
is often associated with mental co-morbidities (35.5%; study 2). Individuals with CBP were
twice as likely as individuals from the general population to suffer from a mental co-morbidity,
with anxiety disorders as the leading disorder. We also confirmed the assumption that the
group of CBP patients is heterogeneous. This was true for many sociodemographic and
clinical variables (study 1) as well as psychophysiological variables (study 3). We also
showed that physical activity, as a behavioral, preventative and curative method for CBP, is
associated with changes in pain perception and pain processing (study 4).
Our findings have implications for further research as well as treatment. The reported high
prevalence of CBP will foster health services research to address the socioeconomic burden
of CBP. Moreover, our results showed that pain drawings indicating the spatial extent of pain
could be used to identify a highly burdened group of CBP patients with high health care
utilization that require more detailed assessments of pain and associated variables. Our
research also suggests that primary care physicians should assess patients with BP
complaints for anxiety disorders to avoid exacerbating BP and to potentially prevent the
spread and chronification of the pain. In addition, our results especially highlight the need for
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more research on mechanism-based aspects of CBP to address the high heterogeneity of
CBP patients and to link clinical manifestations with potential underlying pathophysiological
mechanisms. This might foster the development of specific mechanism-based treatment
options that might be more successful than the existing treatments. Our research shows that
therapies should include physical activity, which is recommended in many CBP treatment
guidelines.
However, there are also some limitations to our studies. We did not account for all the
complexities of CBP patients, which would require more comprehensive approaches (e.g.,
using the methods of studies 1 to 3 within one study). Moreover, one important challenge will
be to account for the interactions of different variables (e.g., CBP and depression, CBP and
anxiety, CBP and anxiety and depression); research has shown that those results might
differ in patients who only satisfy one criterion (e.g., anxiety) rather than multiple criteria (e.g.,
anxiety and depression). This will require large sample sizes of patients and a
comprehensive assessment of pain and associated variables. This is addressed within a
current research project in which the author of this dissertation thesis is participating (study
5). We also hope to encourage other researchers to confront this challenge, as well as to
replicate our findings and address its limitations.
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2XWFRPH0HDVXUHV3UHYDOHQFHUDWHRIFKURQLFEDFNSDLQSDLQGUDZLQJ WKHVSDWLDO
H[WHQWRIWKHSDLQ VRFLRGHPRJUDSKLFDQGFOLQLFDOYDULDEOHV
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5HVXOWV$JHDQGVH[DGMXVWHGSUHYDOHQFHUDWHIRUFKURQLFEDFNSDLQZDV
$QDO\VLQJSDLQH[WHQWZHIRXQGWKDWRQO\VXIIHUHGVWULFWO\IURPFKURQLFORFDO
EDFNSDLQZKLOHWKHPDMRULW\LQGLFDWHGDGGLWLRQDOSDLQUHJLRQV7KXVZHGHYHORSHGD
VXEFODVVLILFDWLRQV\VWHPEDVHGRQSDLQH[WHQWWKDWFRQVLVWVRIIRXUPRUH
KRPRJHQHRXVJURXSV VWULFWFKURQLFORFDOSDLQFKURQLFUHJLRQDOSDLQ
FRPPRQFKURQLFZLGHVSUHDGSDLQH[WUHPHFKURQLFZLGHVSUHDGSDLQ 
,QWHUHVWLQJO\LQWKLVV\VWHPLQFUHDVLQJSDLQH[WHQWZDVVLJQLILFDQWO\DVVRFLDWHGZLWK
KLJKHUGLVWUHVVDVUHIOHFWHGE\VRFLRGHPRJUDSKLFDQGFOLQLFDOYDULDEOHV


ev
rR



Fo

&RQFOXVLRQV&KURQLFEDFNSDLQLVKLJKO\SUHYDOHQWDQGXVXDOO\LQYROYHVPRUHWKDQ
MXVWEDFNSDLQ7KLVFKDOOHQJHVWKHFRQFHSWRIFKURQLFEDFNSDLQDVDGLVWLQFWHQWLW\
7RLGHQWLI\SDWLHQWVZKRDUHHVSHFLDOO\GLVWUHVVHGE\FKURQLFEDFNSDLQDIRXUFODVV

ie

WD[RQRP\EDVHGRQSDLQGUDZLQJVLVERWKIHDVLEOHDQGFOLQLFDOO\XVHIXO


.H\ZRUGV

ly
On



w

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

FKURQLFEDFNSDLQFKURQLFZLGHVSUHDGSDLQSDLQGUDZLQJSDLQH[WHQWSUHYDOHQFH
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,QWURGXFWLRQ



&KURQLFSDLQFRQGLWLRQVRIWKHPXVFXORVNHOHWDOV\VWHPDUHFRPPRQDQGKDYHKLJK
VRFLRHFRQRPLFUHOHYDQFH>@7KLVLVHVSHFLDOO\WUXHIRUSDLQFRQGLWLRQVZLWKZLGHO\
XQNQRZQSDWKRJHQHVLVVXFKDVQRQVSHFLILFFKURQLFEDFNSDLQ &%3 DQGWKH
VXEJURXSRIFKURQLFZLGHVSUHDGSDLQ &:3 7KHSUHYDOHQFHUDWHVIRUWKHVH
FRQGLWLRQVYDU\ZLGHO\GHSHQGLQJRQFDVHGHILQLWLRQPHWKRGRORJLFDOIDFWRUV
JHRJUDSKLFDODUHDDQGWKHLQYHVWLJDWHGSRSXODWLRQVDPSOH>@7KHDYHUDJH

Fo

SUHYDOHQFHUDWHVUDQJHIURPIRU&%3>@DQGIRU&:3>@



ev
rR

+RZHYHUZKHQ&%3LVGLVFXVVHGWZRPDMRUSUREOHPVDULVH)LUVWPRVWRIWKH
LQIRUPDWLRQRQEDFNSDLQLVJDLQHGWKURXJKFOLQLFDOVWXGLHVDQGWKXVUHSUHVHQWVD

ie

KLJKO\VHOHFWLYHSRSXODWLRQ3RSXODWLRQEDVHGVWXGLHVRQWKHRWKHUKDQGKDYHIRXQG

w

WKDWRIDOOEDFNSDLQFDVHVGRQRWVHHNPHGLFDOFDUH>@7KHUHIRUHWR
UXOHRXWVHOHFWLRQELDVWKHUHLVDQXUJHQWQHHGIRUSRSXODWLRQEDVHGVXUYH\VRI&%3

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

6HFRQGLQPRVWFDVHV&%3LVRQO\RQHDVSHFWRIDPRUHFRPSOH[V\QGURPH
FRQVLVWLQJRIIXUWKHUSDLQDQGDGGLWLRQDOV\PSWRPV>@7KXVLWLVDOVRLPSRUWDQW
WRFRQVLGHUWKHVSDWLDOH[WHQWRIWKHSDLQFRPRUELGLWLHVDQGRWKHUFRUUHODWHVRI
FKURQLFPXVFXORVNHOHWDOSDLQ7KLUGPRVWVWXGLHVXVHTXHVWLRQQDLUHEDVHGGDWDWR
GLDJQRVLVSDLQDQGFRPRUELGLWLHVZKLFKKDPSHUVYDOLGLW\LQFRQWUDVWWRWUXHFOLQLFDO
H[DPLQDWLRQ


&XUUHQWSDLQDVVHVVPHQWPLQLPDOO\LQFOXGHVWKHLQWHQVLW\TXDOLW\GXUDWLRQDQG
ORFDOLVDWLRQVSDWLDOH[WHQWRIWKHSDLQ>@7KHUHLVOLWWOHFRQVHQVXVRQKRZWR
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PHDVXUHRUFODVVLI\WKHVSDWLDOH[WHQWRIWKHSDLQEHFDXVHWKLVWRSLFKDVEHHQ
QHJOHFWHGIRUDORQJWLPHDQGKDVEHHQRPLWWHGIURPSUHYLRXVDVVHVVPHQW
UHFRPPHQGDWLRQV>@7KHEDVLVIRUWKHDVVHVVPHQWRISDLQH[WHQWLVDOZD\VDSDLQ
GUDZLQJILOOHGLQE\WKHSDWLHQW+RZHYHUWKHUHLVQRJROGVWDQGDUGKRZWRDQDO\VHD
SDLQGUDZLQJ7KHH[LVWLQJVFRULQJV\VWHPVGLIIHUZLGHO\LQFRPSOH[LW\DQGWKHWLPH
UHTXLUHGIRUDQDO\VLVEXWPRVWPHDVXUHWKHSHUFHQWDJHRUQXPEHURISDLQIXOERG\
VXUIDFHV>@2QHRIWKHPRVWHOHPHQWDU\FODVVLILFDWLRQVLVWRGLIIHUHQWLDWHSDLQLQWR
FKURQLFORFDOSDLQ &/3 DQG&:3DFFRUGLQJWRWKH$PHULFDQ&ROOHJHRI

Fo

5KHXPDWRORJ\ $&5 FULWHULD>@0RUHFRPSOH[FRPSXWHUEDVHGSURFHGXUHVFRXQW

ev
rR

WKHQXPEHURISL[HOVDQGFDSWXUHWKHLQGLFDWHGSDLQVHQVDWLRQV>@+RZHYHU
H[LVWLQJVFRULQJV\VWHPVQHJOHFWFRQFRPLWDQWIHDVLELOLW\DQGFOLQLFDOXVHIXOQHVV



ie

7KHDLPRIWKHSUHVHQWVWXG\ZDV WRGHWHUPLQHWKHSUHYDOHQFHUDWHVIRU&%3&/3

w

DQG&:3LQDUHSUHVHQWDWLYHSRSXODWLRQEDVHGVWXG\DQG WRDVVHVVDQGFODVVLI\
SDLQH[WHQWLQDYDOLGZD\ZLWKUHJDUGWRRWKHUYDULDEOHVWKDWDUHWKRXJKWWREH

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

DVVRFLDWHGZLWK&%37KHDGYDQWDJHVRIDSRSXODWLRQEDVHGVDPSOHDQGDFOLQLFDO
H[DPLQDWLRQVKRXOGEHFRPELQHGWRSURGXFHYDOLGDQGUHSUHVHQWDWLYHUHVXOWV
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0HWKRGV


6WXG\GHVLJQ


7KLVVWXG\LVSDUWRIWKHSRSXODWLRQEDVHGORQJLWXGLQDOPXOWLUHJLRQDOSRVWDOVXUYH\RQ
EDFNSDLQPDQDJHGE\WKH*HUPDQ%DFN3DLQ5HVHDUFK1HWZRUN *%351 >@

Fo

2IFLWLHVDQGFRPPXQLWLHVLQWKHVRXWKZHVWHUQ³5KHLQ1HFNDU´GLVWULFWRI

ev
rR

*HUPDQ\+HLGHOEHUJDQGWHQDGMDFHQWFRPPXQLWLHVZHUHUDQGRPO\VHOHFWHGIRUWKLV
VWXG\LQFOXGLQJXUEDQDQGUXUDODUHDV$UHSUHVHQWDWLYHVDPSOHRISHUVRQV
DJHGWRZLWKWKHLUILUVWUHVLGHQFHLQWKHFKRVHQUHJLRQVZDVUDQGRPO\GUDZQ
IURPWKHVHFRPPXQLWLHVLQSURSRUWLRQWRWKHQXPEHURILQKDELWDQWV)RUWKLVSXUSRVH

ie

WKHUHJLVWUDWLRQRIILFHVSURYLGHGSRSXODWLRQUHJLVWHUVRIWKHUHVSHFWLYHDUHDV%HFDXVH

w

UHJLVWUDWLRQLVPDQGDWRU\LQ*HUPDQ\SRSXODWLRQUHJLVWHUVSURYLGHDOPRVWFRPSOHWH
FRYHUDJHRIWKHJHQHUDOSRSXODWLRQ



ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

7KHVWXG\ZDVSHUIRUPHGLQDFFRUGDQFHZLWKWKH'HFODUDWLRQRI+HOVLQNL7KHHWKLFV
FRPPLWWHHRIWKH0HGLFDO+RVSLWDORI+HLGHOEHUJDSSURYHGWKLVVWXG\DQGDOO
SDUWLFLSDQWVJDYHWKHLUZULWWHQLQIRUPHGFRQVHQW0RUHGHWDLOVRQWKHVWXG\GHVLJQFDQ
EHIRXQGHOVHZKHUH>@


,QFOXVLRQDQGH[FOXVLRQFULWHULD
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,QFOXVLRQFULWHULDFRQVLVWHGRIEHLQJWR\HDUVRIDJHKDYLQJ*HUPDQODQJXDJH
VNLOOVQRQVSHFLILFRULJLQRI&%3DQGFKURQLFLW\RISDLQGHILQHGDVSDLQRQDWOHDVW
GD\VZLWKLQWKHODVWWKUHHPRQWKV([FOXVLRQFULWHULDZHUHVSHFLILFFDXVHVRI&%3


6XEMHFWV



Fo
ev
rR

7KHSHUVRQVZHUHFRQWDFWHGE\PDLODQGDVNHGWRFRPSOHWHDQGUHWXUQDVKRUW
VFUHHQLQJTXHVWLRQQDLUHWKDWZDVWDUJHWHGDW&%3 VRFLDODQGGHPRJUDSKLFYDULDEOHV
WKHRFFXUUHQFHLQWHQVLW\GXUDWLRQDQGH[WHQWRISDLQDQGSV\FKRPHWULFWHVWV ,I
QHFHVVDU\XSWRWZRUHPLQGHUVZHUHVHQWWKUHHDQGVL[ZHHNVDIWHUWKHILUVWPDLO2I

ie

WKHSHUVRQVDGGUHVVHGE\PDLOZHUHUHDFKHGDQGDQVZHUHGWKH

w

TXHVWLRQQDLUH\LHOGLQJDFRUUHFWHGUHVSRQVHUDWHRI7KHUHVSRQVHUDWHVZHUH
DSSUR[LPDWHO\DIWHUWKHILUVWOHWWHUDSSUR[LPDWHO\DIWHUWKHILUVWUHPLQGHU

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
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26
27
28
29
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31
32
33
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35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

DQGDSSUR[LPDWHO\DIWHUWKHVHFRQGUHPLQGHU



7KHSHUVRQVZKRVXIIHUHGIURPEDFNSDLQRQDWOHDVWGD\VLQWKHODVWWKUHH
PRQWKV WKHGHILQLWLRQRI&%3LQWKLVVWXG\ ZHUHLQYLWHGWRDFOLQLFDOH[DPLQDWLRQDW
RXUXQLYHUVLW\RXWSDWLHQWFOLQLF7KHFOLQLFDOH[DPLQDWLRQIRUDOOSDUWLFLSDQWVFRPSULVHG
DPRUHGHWDLOHGTXHVWLRQQDLUHDSDLQGUDZLQJDQGDSK\VLFDOH[DPLQDWLRQ)LQDOO\
VXEMHFWVDJUHHGWRSDUWLFLSDWHLQWKHVWXG\  
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7ZHQW\SDUWLFLSDQWVZHUHIRXQGWRVXIIHUIURPVSHFLILF&%3YDOLGDWHGE\SK\VLFDO
H[DPLQDWLRQ VHHEHORZ DQGZHUHH[FOXGHGIURPIXUWKHUDQDO\VLV VXIIHUHGIURP
%HFKWHUHZ¶VGLVHDVHIURPUKHXPDWRLGDUWKULWLVDIIHFWLQJWKHVSLQHIURP
SRO\P\DOJLDUKHXPDWLFDIURPWXPRXUPHWDVWDVHVIURPIUDFWXUHRIWKHYHUWHEUDO
ERG\IURPVSRQG\ORO\VLVDQGIURPGLVFKHUQLD 7KUHHDGGLWLRQDOSHUVRQVGLGQRW
DGHTXDWHO\FRPSOHWHWKHTXHVWLRQQDLUHDQGRUSDLQGUDZLQJDQGZHUHDOVRH[FOXGHG
8OWLPDWHO\SDUWLFLSDQWVZLWKQRQVSHFLILF&%3ZHUHLQFOXGHGLQWKHDQDO\VLV)RU
WKHSDUWLFLSDWLRQIORZVHH)LJXUH


Fo


)LJXUH


3K\VLFDOH[DPLQDWLRQ

w

ie

ev
rR




ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
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37
38
39
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41
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45
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50
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52
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58
59
60

7KHSK\VLFDOH[DPLQDWLRQFRQVLVWHGRIDGHWDLOHGJHQHUDOUKHXPDWRORJLFDO
QHXURORJLFDODQGRUWKRSDHGLFH[DPLQDWLRQ LQFOXGLQJEORRGWHVWVDQGSDVWPHGLFDO
KLVWRU\ 7KHH[DPLQDWLRQDWWDFKHGVSHFLDOLPSRUWDQFHWRILQGLQJVLQGLFDWLYHRID
VSHFLILFRULJLQRIWKH&%37KHUHIRUHWKH³UHGIODJV´ KLQWVIRUWKHSUHVHQFHRIVHULRXV
SDWKRORJ\>@ZHUHFRQVLGHUHGDQGIRUPHUPHGLFDOUHSRUWVDQGGLVFKDUJHOHWWHUV
ZHUHWDNHQLQWRDFFRXQWZKHQHYHUDYDLODEOH,IDSHUVRQZDVOLNHO\WRVXIIHUIURP
VSHFLILFFDXVHVRI&%3WKHQKHRUVKHZDVH[FOXGHGIURPWKHVWXG\0RUHRYHUKHRU
VKHZDVUHFRPPHQGHGWRVHHDVSHFLDOLVWRUPDNHDQH[WUDDSSRLQWPHQWLQRXU
RXWSDWLHQWGHSDUWPHQW
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'XULQJWKHSK\VLFDOH[DPLQDWLRQZHDOVRXVHGWKH3K\VLFDO,PSDLUPHQW6FDOH 3,6 
7KH3,6LVDQREMHFWLYHPHDVXUHRILPSDLUPHQWGXHWR&%3,WZDVGHYHORSHGDVD
VLPSOHDQGVWDQGDUGLVHGFOLQLFDOREVHUYDWLRQWRHYDOXDWHSK\VLFDOLPSDLUPHQWLQ&%3
7KHWHVWEDWWHU\FRPELQHVREMHFWLYHSK\VLFDOILQGLQJVWKDWLQGLFDWHFXUUHQWIXQFWLRQDO
OLPLWDWLRQVGXHWRSDLQ,WFRQVLVWVRIVHYHQWHVWVWKDWPHDVXUHPRYHPHQWLQWKHORZHU
EDFN WRWDOIOH[LRQWRWDOH[WHQVLRQDQGDYHUDJHODWHUDOIOH[LRQPHDVXUHGZLWKWKH
LQFOLQRPHWHU VWUDLJKWOHJUDLVHVSLQDOWHQGHUQHVVDQGVWUHQJWK ELODWHUDODFWLYH

Fo

VWUDLJKWOHJUDLVHDQGVLWXS 0HDVXUHPHQWVDUHWUDQVODWHGLQWRYDOXHVRIRU

ev
rR

DFFRUGLQJWRFXWRIIYDOXHVDQGVXPPHG UDQJHWR +LJKHUVFRUHVLQGLFDWHKLJKHU
LPSDLUPHQW$VVXEMHFWLYHGLVDELOLW\LQQRQVSHFLILF&%3LVQRWH[SODLQHGE\DQDWRPLF
RUVWUXFWXUDOLPSDLUPHQWWKH3,6PHDVXUHVIXQFWLRQDOOLPLWDWLRQVDVLQIOXHQFHGE\WKH
SDWLHQW¶VSDLQEHKDYLRXU7KH3,6LVDEOHWRGLVFULPLQDWHEHWZHHQSDLQSDWLHQWVDQG

ie

KHDOWK\FRQWUROVDQGLVUHODWHGWRVHOIUHSRUWHGGLVDELOLW\LQDFWLYLWLHVRIGDLO\OLYLQJ>@


3DLQGUDZLQJ



ly
On



w

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
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(DFKSDUWLFLSDQWVHHQLQRXURXWSDWLHQWGHSDUWPHQWZDVDVNHGWRFRPSOHWHDSDLQ
GUDZLQJ )LJXUH D 7RHQVXUHWKDWSDWLHQWVIRFXVHGQRWRQO\RQEDFNSDLQWKH
LQVWUXFWLRQVVWDWHG³0DUNDOODUHDVZKHUH\RXH[SHULHQFHSDLQ 7KDWLVDOODIIHFWHG
DUHDVQRWRQO\WKHEDFN 0DUNWKHWRWDODUHDZKHUHSDLQLVH[SHULHQFHG´$IWHU
FRPSOHWLRQRIWKHSDLQGUDZLQJLWZDVGLVFXVVHGMRLQWO\E\WKHSDUWLFLSDQWDQGWKH
SK\VLFLDQWRUXOHRXWDQ\PLVXQGHUVWDQGLQJV8VLQJWKLVLQIRUPDWLRQDVDILUVWVWHSDOO
SDUWLFLSDQWVZHUHFODVVLILHGLQWRWKHFDWHJRULHVRIFKURQLFORFDOSDLQ &/3 DQG
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FKURQLFZLGHVSUHDGSDLQ &:3 EDVHGRQWKH$&5FULWHULD>@DQGWKHPRUHSUHFLVH
GHILQLWLRQE\+DUNQHVVHWDO>@$FFRUGLQJWRWKLVGHILQLWLRQ&:3LVSUHVHQWZKHQ
VXEMHFWVUHSRUWFRQWUDODWHUDOOLPESDLQLQDGGLWLRQWRD[LDOVNHOHWDOSDLQIRUDWOHDVW
WKUHHPRQWKV8SSHUOLPESDLQZDVSUHVHQWLISDLQLQDQ\RIWKHIROORZLQJUHJLRQVZDV
UHSRUWHG>@KDQGZULVWIRUHDUPHOERZXSSHUDUPRUVKRXOGHU/RZHUOLPESDLQ
ZDVGHILQHGDVSDLQLQWKHKLSWKLJKNQHHORZHUOHJDQNOHRUIRRW$[LDOVNHOHWDO
SDLQLQFOXGHGSDLQLQWKHFHUYLFDOWKRUDFLFDQGRUOXPEDUVSLQH



Fo
ev
rR

,QDVHFRQGVWHSZKHQLWEHFDPHREYLRXVWKDWWKH$&5FULWHULDZHUHWRRURXJKWR
GHSLFWRUFDSWXUHWKHWUXHFOLQLFDOYDULHW\RISDLQH[WHQWZHGHYHORSHGWKH+HLGHOEHUJ
3DLQ'UDZLQJ0DVN7KH+HLGHOEHUJ3DLQ'UDZLQJ0DVNLVDWUDQVSDUHQWWHPSODWH
WKDWGHQRWHVWKHERXQGDULHVRIGLIIHUHQWERG\UHJLRQV )LJXUH E 7RDQDO\VHWKH

ie

SDLQGUDZLQJVLWZDVSODFHGRYHUWKHSDLQGUDZLQJ7KHSDLQGUDZLQJZDVHYDOXDWHG

w

E\UDWLQJHDFKVSLQDOVHJPHQWDQGHDFKOLPELQGHSHQGHQWO\$QDOJRULWKPUHVXOWHGLQ
WKHUHVSHFWLYHSDLQFDWHJRU\ VHHWKHVHFWLRQRQWKH³FODVVLILFDWLRQRISDLQH[WHQW´

ly
On

1
2
3
4
5
6
7
8
9
10
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27
28
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50
51
52
53
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55
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57
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59
60

EHORZ 7KXVWKHSUHVHQFHRISDLQLQWKHUHVSHFWLYHOLPEVDVZHOODVWKHDIIHFWHG
VHJPHQWVRIWKHVSLQHZDVUHFRUGHG3DLQGUDZLQJVZHUHDVVHVVHGE\WZRUDWHUV
LQGHSHQGHQWO\ZLWKKLJKLQWHUUDWHUUHOLDELOLW\ ț  :KHQUDWLQJVGLVDJUHHG
³WUXH´VFRUHVZHUHUHDFKHGE\FRQVHQVXV


)LJXUH D DQG E 


&ODVVLILFDWLRQRISDLQH[WHQW+HLGHOEHUJHU3DLQ'UDZLQJ0DVN


Official Journal of the American Academy of Pain Medicine



Page 11 of 39

Pain Medicine




%HFDXVHWKH&%3SRSXODWLRQLVDKLJKO\QRQKRPRJHQHRXVJURXSDQGSHUVRQV
ODEHOOHG&/3FDQUDQJHIURPSDLQLQDVLQJOHFLUFXPVFULEHGDUHDWRSDLQDIIHFWLQJRQH
HQWLUHKDOIRIWKHERG\ZHGHYHORSHGDPRUHGHWDLOHGSDLQFODVVLILFDWLRQV\VWHP7KLV
V\VWHPIRUPVPRUHKRPRJHQHRXVJURXSVRISDLQH[WHQWEXWUHPDLQVIHDVLEOHIRU
FOLQLFDODSSOLFDWLRQ7KHUHIRUHWKH&/3DQG&:3JURXSVZHUHVXEGLYLGHG
UHVSHFWLYHO\$VDUHVXOWZHGHILQHGSDLQUHVWULFWHGWRWKHEDFNDV³VWULFWEDFNSDLQ´

Fo

ZKLFKLVDPRUHOLPLWHGIRUPFRPSDUHGWRORFDOSDLQ,QFRQWUDVWH[WUHPHO\

ev
rR

ZLGHVSUHDGSDLQKDGWRDIIHFWDOOERG\DUHDVUHSUHVHQWLQJ³SDQDOJHVLD´7KLVUHVXOWHG
LQIRXUJURXSVRISDLQH[WHQW )LJXUH 



ie

6WULFWFKURQLFEDFNSDLQ 6%3 3DLQLQWRVSLQDODUHDVEDFN FHUYLFDOVSLQH

w

WKRUDFLFVSLQHRUOXPEDUVSLQH DQGQRIXUWKHUSDLQ

&KURQLFUHJLRQDOSDLQ &53 3DLQLQWKHVSLQDODUHDEDFNSOXVDGGLWLRQDOSDLQEXW
WKHFULWHULDIRU&:3LVQRWIXOILOOHG

ly
On

1
2
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4
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6
7
8
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
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50
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54
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57
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60

&RPPRQFKURQLFZLGHVSUHDGSDLQ &R&:3 3DLQLQWKHVSLQDODUHDEDFNDQGDW
OHDVWWZRFRQWUDODWHUDOOLPEVEXWOHVVWKDQIRXUOLPEV LH&:3EXWQRW([&:3 
([WUHPHFKURQLFZLGHVSUHDGSDLQ ([&:3 DOOWKUHHVSLQDODUHDVDQGDOOIRXUOLPEV
DUHDIIHFWHG ³SDQDOJHVLD´ 


)LJXUH
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4XHVWLRQQDLUHV


6RFLRGHPRJUDSKLFIDFWRUVLQFOXGHGDJHVH[OLYLQJZLWKDSDUWQHU \HVRUQR VFKRRO
HGXFDWLRQ YV!\HDUV RFFXSDWLRQDOVLWXDWLRQDQGDSSOLFDWLRQIRUGLVDELOLW\
SHQVLRQ \HVRUQR 7RGHWHUPLQHVRFLDOFODVVZHXVHGWKH:LQNOHULQGH[>@ZKLFK
LQFOXGHVVFKRROHGXFDWLRQFXUUHQWRFFXSDWLRQDQGLQFRPH(DFKLQGLFDWRULVUDWHG
RQDVFDOHIURPWRZLWKKLJKHUVFRUHVLQGLFDWLQJKLJKHUHGXFDWLRQLQFRPHDQG

Fo

RFFXSDWLRQDOVWDWXVUHVSHFWLYHO\7KH:LQNOHULQGH[FODVVLILHVSHUVRQVLQWRWKUHH

ev
rR

FDWHJRULHVµORZHUFODVV¶ SRLQWV µPLGGOHFODVV¶ SRLQWV DQGµXSSHUFODVV¶
SRLQWV 

7KHTXHVWLRQQDLUHDOVRFRYHUHGSDLQYDULDEOHV3DUWLFLSDQWVZHUHDVNHGDERXWWKH
QXPEHURIGD\VWKH\ZHUHLQSDLQZLWKLQWKHODVWWKUHHPRQWKV  7KHLQWHQVLW\RI

ie

WKHSDLQZDVUDWHGRQDQXPHULFUDWLQJVFDOH 156 :HDOVRGRFXPHQWHGWKH

w

QXPEHURIFRQVXOWDWLRQVRYHUWKHODVWWKUHHPRQWKVDQGWKHXVHRIPHGLFDWLRQVZLWKLQ
WKDWSHULRG \HVRUQR 0RUHRYHUVHOIUHSRUWHGLPSDLUPHQWRQWKHMREDQGLQGDLO\

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

DFWLYLWLHVZDVPHDVXUHGZLWKD156  7KHTXHVWLRQVDUHGHULYHGLQSDUWIURP
WKHJUDGHGFKURQLFSDLQVFDOH>@

7RPHDVXUHGLVDELOLW\LQPRUHGHWDLOZHXVHGWKH+DQQRYHU)XQFWLRQDO$ELOLW\
4XHVWLRQQDLUH ))E+ >@7KH))E+PHDVXUHVSDLQUHODWHGIXQFWLRQDOGLVDELOLW\
FDXVHGE\EDFNDFKH,WFRQVLVWVRIVHOIDGPLQLVWHUHGLWHPVWKDWHVSHFLDOO\IRFXV
RQGDLO\DFWLYLWLHVWKDWDUHUHVWULFWHGE\PXVFXORVNHOHWDOGLVRUGHUV HJSXWWLQJRQ
VRFNVVLWWLQJRQDKDUGFKDLUDQGOLIWLQJ 7KHUHVSRQVHIRUPDWLVLQVWDJHV ³\HV´
³\HVZLWKWURXEOH´DQG³QRRUZLWKWKHKHOSRIDQRWKHUSHUVRQ´ 7KHDQVZHUVZHUH
WUDQVIRUPHGLQWRDIXQFWLRQDODELOLW\VFRUHWKDWUDQJHVIURP  QR
IXQFWLRQDOGLVDELOLW\URXJKO\ PRGHUDWHGLVDELOLW\DQG UHOHYDQWGLVDELOLW\ 
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7KHUHVXOWVIURPGLIIHUHQWVWXGLHVLQGLFDWHWKDWWKH))E+PHHWVUHOHYDQWSV\FKRPHWULF
FULWHULDDQGLVVHQVLWLYHWRFKDQJH>@:HDOVRPHDVXUHGKHDOWKUHODWHGTXDOLW\
RIOLIHZLWKWKHJHQHUDOKHDOWKSHUFHSWLRQVXEVFDOHDQGWKHYLWDOLW\VXEVFDOHRIWKH6)
+LJKHUVFRUHVUHIOHFWEHWWHUKHDOWKUHODWHGTXDOLW\RIOLIH>@


7RVFUHHQIRUPHQWDOFRPRUELGLW\ZHXVHGWKH*HUPDQYHUVLRQRIWKH³3DWLHQW+HDOWK
4XHVWLRQQDLUH´ 3+4' >@ZKLFKLVEDVHGRQWKH'LDJQRVWLFDQG6WDWLVWLFDO

Fo

0DQXDORI0HQWDO'LVRUGHUV,9 '60,9 FULWHULD7KH3+4'FDSWXUHVHLJKWPHQWDO

ev
rR

GLVRUGHUV PDMRUGHSUHVVLRQRWKHUGHSUHVVLYHGLVRUGHUVSDQLFGLVRUGHURWKHU
DQ[LHW\GLVRUGHUVVRPDWRIRUPGLVRUGHUVDOFRKROGHSHQGHQFHEXOLPLDQHUYRVDDQG
ELQJHHDWLQJGLVRUGHU ,QDFFRUGDQFHZLWKRWKHUSDLQSXEOLFDWLRQV>@ZHRPLWWHG
WKHLWHPVRIWKHVRPDWLVDWLRQVXEVFDOHEHFDXVHLWLVGLIILFXOWWRGHFLGHLIDFRPSODLQWLV

ie

FOHDUO\RUJDQLFRUQRWIXOO\H[SODLQDEOHWKURXJKPHGLFDOFRQGLWLRQVLQDVLQJOH

w

GLDJQRVWLFVHVVLRQ,IDQ\RWKHUGLVRUGHUVFUHHQHGSRVLWLYHWKHSDWLHQWZDVFODVVLILHG
DVPHQWDOO\FRPRUELG


'DWDDQDO\VLV

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



$OOVWDWLVWLFDOFDOFXODWLRQVZHUHSHUIRUPHGXVLQJWKH6366IRU:LQGRZV
VRIWZDUH&RQWLQXRXVGDWDDUHSUHVHQWHGZLWKPHDQVDQGVWDQGDUGGHYLDWLRQVRU
FRQILGHQFHLQWHUYDOV&DWHJRULFDOGDWDDUHSUHVHQWHGZLWKQXPEHUVDQGSHUFHQWDJHV
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1RQUHVSRQGHUDQDO\VLV


1RQUHVSRQGHUDQDO\VLVZDVFRQGXFWHGXVLQJORJLVWLFUHJUHVVLRQ7KHILUVWQRQ
UHVSRQGHUDQDO\VLVDGGUHVVHGWKHSHUVRQVZKRUHWXUQHGWKHTXHVWLRQQDLUHFRPSDUHG
WRWKHVXEMHFWVZKRGLGQRW$VDUHVXOWROGHUSHRSOHDQGZRPHQZHUHVLJQLILFDQWO\
PRUHOLNHO\WRSDUWLFLSDWH7KHVHFRQGQRQUHVSRQGHUDQDO\VLVZDVFRQGXFWHGIRUWKH
VXEMHFWVZLWK&%3ZKRWRRNSDUWLQWKHFOLQLFDOH[DPLQDWLRQFRPSDUHGWRWKHVXEMHFWV

Fo

ZKRUHIXVHGSDUWLFLSDWLRQ7KHUHVXOWVVKRZHGQRGLIIHUHQFHVLQWHUPVRIDJHRU

ev
rR

JHQGHUGLIIHUHQFHVZHUHQRWHGKRZHYHUERWKLQWHUPVRISDLQLQWHQVLW\RYHUWKHODVW
WKUHHPRQWKVDQGVRFLDOFODVV+LJKSDLQLQWHQVLW\ZDVDVVRFLDWHGZLWKDGHFUHDVHG
SUREDELOLW\WRSDUWLFLSDWHZKHUHDVVXEMHFWVIURPDKLJKHUVRFLDOFODVVZHUHPRUH
OLNHO\WRSDUWLFLSDWH7KHIROORZLQJIDFWRUVGLGQRWLQIOXHQFHSDUWLFLSDWLRQPDULWDO

ie

VWDWXVHGXFDWLRQRFFXSDWLRQDOVWDWXVUHFHLYLQJGLVDELOLW\SHQVLRQVHOIUHSRUWHG

w

LPSDLUPHQWDQGWKHQXPEHURIFRQVXOWDWLRQVRYHUWKHODVWWKUHHPRQWKV


0DLQDQDO\VHV


ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


7RGHWHUPLQHWKHSUHYDOHQFHRI&%3DQG&:3WKHFRXQWVZHUHDGMXVWHGIRUDJHDQG
VH[EHFDXVHSUHYLRXVUHVHDUFKDVZHOODVRXUQRQUHVSRQGHUDQDO\VLVVKRZHG
UHVSRQVHGLIIHUHQFHVIRUWKHVHYDULDEOHV
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7RGHWHUPLQHZKHWKHU&%3SDWLHQWVGLIIHUHGZLWKUHJDUGWRSDLQH[WHQWLQ
VRFLRGHPRJUDSKLFDQGSDLQUHODWHGIDFWRUVDQDQDO\VLVRIYDULDQFHV $129$ ZDV
XVHGLQFDVHVRIQRUPDOGDWDGLVWULEXWLRQ7KH.UXVNDO:DOOLV7HVWZDVXVHGWR
DVVHVVVLJQLILFDQFHLQFDVHVZKHUHGDWDZHUHQRWQRUPDOO\GLVWULEXWHG3DLQH[WHQW
ZDVHQWHUHGDVDQLQGHSHQGHQWYDULDEOHDQGVRFLRGHPRJUDSKLFDQGSDLQUHODWHG
IDFWRUVZHUHHQWHUHGDVGHSHQGHQWYDULDEOHV:HDOZD\VSUHVHQWWKHUHVXOWVRIWKH
WHVWVIRUQRUPDOO\GLVWULEXWHGGDWDH[FHSWIRUWKHUHVXOWVRIWHVWVZKHUHQRQQRUPDOO\
GLVWULEXWHGGDWDGLIIHUIURPWKRVHIRUQRUPDOO\GLVWULEXWHGGDWD,IGHSHQGHQWYDULDEOHV

Fo

ZHUHFDWHJRULFDOZHDSSOLHG)LVKHU¶VH[DFWWHVW



ev
rR

,QVHFRQGDU\DQDO\VHVZHDVVHVVHGZKHWKHUWKHUHZHUHOLQHDUDVVRFLDWLRQVEHWZHHQ
SDLQH[WHQWDQGWKHVSHFLILHGDGGLWLRQDOYDULDEOHV7KHVHDQDO\VHVZHUHQRWSUH

ie

VSHFLILHGKRZHYHUEXWUDWKHUDSSHDUHGZKHQZHH[DPLQHGWKHUHVXOWVRIWKH

w

$129$VDQGIRXQGLQFUHDVLQJYDOXHVIRUGLIIHUHQWFOLQLFDOYDULDEOHV7KHUHIRUHZH
XVHG-RQFNKHHUH¶VWUHQGWHVWWRWHVWIRUOLQHDUFRQWLQJHQF\7KHVLJQLILFDQFHOHYHOIRU

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

DOODQDO\VHVZDVVHWWRS'XHWRWKHH[SORUDWRU\GHVFULSWLYHQDWXUHRIWKH
VWXG\QRDGMXVWPHQWIRUPXOWLSOHWHVWLQJZDVPDGH


5HVXOWV


3UHYDOHQFHUDWHVRI&%3DQG&:3
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2IWKHVXEMHFWVZLWKQRQVSHFLILF&%3  VXEMHFWVZHUHFODVVLILHGZLWK
&/3DQG  IXOILOOHGWKHFULWHULDIRU&:3:LWKUHVSHFWWRWKHJHQHUDO
SRSXODWLRQLQWKH+HLGHOEHUJUHJLRQWKHDJHDQGVH[DGMXVWHGSUHYDOHQFHIRUDOO
&%3LV7KHDGMXVWHGSUHYDOHQFHUDWHIRU&:3ZDVHVWLPDWHGDW


6RFLRGHPRJUDSKLFDQGPHGLFDODVSHFWVRI&%3VXEMHFWV


Fo



ev
rR

6RFLRGHPRJUDSKLFDQGPHGLFDOYDULDEOHVRIWKHVXEMHFWVDUHSUHVHQWHGLQ7DEOH
7KHPHDQDJHZDV\HDUVDQGRIWKHVXEMHFWVZHUHIHPDOH


7DEOH

ly
On



w



ie

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

3DLQH[WHQWDFFRUGLQJWRWKH+HLGHOEHUJ3DLQ'UDZLQJ0DVN



7KHUHILQHGDQDO\VLVRIWKHSDLQGUDZLQJVOHGWRDFODVVLILFDWLRQRIWKHVXEMHFWVLQWR
IRXUJURXSV VHHPHWKRGVVHFWLRQ $FFRUGLQJWRWKLVFODVVLILFDWLRQRQO\VXEMHFWV
 ZHUHUDWHGDVKDYLQJVWULFWORFDOSDLQ 6/3   DVKDYLQJFKURQLF
UHJLRQDOSDLQ &53   DVKDYLQJFRPPRQFKURQLFZLGHVSUHDGSDLQ
&R&:3 DQG  DVKDYLQJH[WUHPHFKURQLFZLGHVSUHDGSDLQ ([&:3 
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3DLQH[WHQWDQGJURXSGLIIHUHQFHVLQVRFLRGHPRJUDSKLFDQGFOLQLFDOYDULDEOHV


7KHYDULDEOHVVWUDWLILHGWRWKHIRXUVXEJURXSVRISDLQH[WHQWDUHSUHVHQWHGLQ7DEOH
7KHVRFLRGHPRJUDSKLFYDULDEOHVVKRZHGDVLJQLILFDQWJURXSGLIIHUHQFHIRUHGXFDWLRQ
S +RZHYHUWKHSDLQH[WHQWJURXSVGLGQRWGLIIHUGXHWRDJHWKHSURSRUWLRQ
RIIHPDOHVXEMHFWVRUVRFLDOFODVVDOWKRXJKLWVHHPHGWKDWROGHUDJHIHPDOHVH[
DQGDORZHUVRFLDOFODVVDUHDVVRFLDWHGZLWKDKLJKHUSDLQH[WHQW 7DEOH 


ev
rR



Fo

:LWKUHJDUGWRSDLQPHDVXUHVZHREVHUYHGPXOWLSOHJURXSGLIIHUHQFHV7KHSDLQ
H[WHQWJURXSVGLIIHUHGVLJQLILFDQWO\LQWKHLUGD\VRIEDFNSDLQ S DQGLQWKHLU
SDLQLQWHQVLW\RYHUWKHODVWWKUHHPRQWKV S 7KHUHZDVDOVRDVLJQLILFDQW

ie

JURXSGLIIHUHQFHLQWKHQXPEHURIFRQVXOWDWLRQV S DQGWKHXVHRISDLQ

w

PHGLFDWLRQV S RYHUWKHODVWWKUHHPRQWKV7KHUHZDVQRJURXSGLIIHUHQFH
GXHWRWKHDJHDWZKLFKEDFNSDLQZDVILUVWH[SHULHQFHGRUWRWKHGXUDWLRQRIEDFN

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

SDLQ



*URXSGLIIHUHQFHVZHUHDOVRREVHUYHGIRUWKHPHDVXUHVRIGLVDELOLW\7KHJURXSV
GLIIHUHGVLJQLILFDQWO\LQWKHLULPSDLUPHQWRQWKHMRE S WKHLULPSDLUPHQWLQ
GDLO\DFWLYLWLHV S DQGGLVDELOLW\DVPHDVXUHGZLWKWKH))E+ S 7KH
REMHFWLYHPHDVXUHRIGLVDELOLW\DQGLPSDLUPHQWWKH3,6DOVRGLIIHUHGVLJQLILFDQWO\
EHWZHHQWKHJURXSV S 
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7KHUHZHUHJURXSGLIIHUHQFHVZLWKUHJDUGWRJHQHUDOKHDOWKSHUFHSWLRQ S 
DQGWKHSUHYDOHQFHRISV\FKLDWULFFRPRUELGLW\ S 


/LQHDUDVVRFLDWLRQRISDLQH[WHQWDQGVRFLRGHPRJUDSKLFDQGFOLQLFDOYDULDEOHV


([SORUDWLYHWHVWVIRUOLQHDUWUHQGV 7DEOH VKRZHGWKDWPDQ\YDULDEOHVDUH

Fo

VLJQLILFDQWO\DVVRFLDWHGZLWKLQFUHDVLQJSDLQH[WHQW,QFUHDVLQJSDLQH[WHQWZDV

ev
rR

VLJQLILFDQWO\DVVRFLDWHGZLWKROGHUDJH 6/3\YV([&:3\S PRUH
IHPDOHV 6/3YV([&:3S OHVVHGXFDWLRQ S PRUH
XQHPSOR\PHQW S DQGORZHUVRFLDOFODVV S 0RUHRYHUKLJKHUSDLQ
H[WHQWZDVVLJQLILFDQWO\DVVRFLDWHGZLWKKLJKHUSDLQLQWHQVLW\ S  DKLJKHU

ie

QXPEHURIFRQVXOWDWLRQV S PRUHXVDJHRISDLQPHGLFDWLRQV S DQG

w

KLJKHULPSDLUPHQW SYDOXHV ,QDGGLWLRQKLJKHUSDLQH[WHQWZDVDVVRFLDWHG
ZLWKDORZHUKHDOWKUHODWHGTXDOLW\RIOLIH S DQGDKLJKHUSHUFHQWDJHRI
SV\FKLDWULFFRPRUELGLW\ S 



ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

'LVFXVVLRQ


7KHDLPRIRXUVWXG\ZDVWRGHWHUPLQHWKHSUHYDOHQFHUDWHRIQRQVSHFLILF&%3LQWKH
JHQHUDOSRSXODWLRQDQGWRFRQVLGHUWKHSDLQH[WHQWLQDV\VWHPDWLFZD\7KHUHIRUH
ZHFRPELQHGDUHSUHVHQWDWLYHSRSXODWLRQEDVHGDSSURDFKZLWKDFOLQLFDO
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H[DPLQDWLRQWRLQFUHDVHWKHYDOLGLW\RIRXUILQGLQJVDQGRYHUFRPHWKHOLPLWDWLRQVRI
SUHYLRXVVWXGLHV


,QRXUSRSXODWLRQEDVHGVDPSOHZLWKYDOLGDWHGGDWDRQGLDJQRVLVDQGFOLQLFDOVWDWXV
ZHIRXQGSUHYDOHQFHUDWHVRIIRU&%3IRU&/3DQGIRU&:3
2WKHUVWXGLHVUHSRUWSUHYDOHQFHUDWHVIRU&%3IURP>@WR>@7KXVWKH
SUHYDOHQFHIRU&%3IRXQGLQRXUVWXG\UDQNVLQWKHPLGGOHRIWKHUDQJHWKDWSUHYLRXV

Fo

VWXGLHVKDYHUHSRUWHG7KHSUHYDOHQFHUDWHIRU&:3UDQNVDWWKHORZHUHQG

ev
rR

FRPSDUHGWRSUHYLRXVVWXGLHV>@7KLVLVDQLPSRUWDQWILQGLQJEHFDXVHFXUUHQW
UHSUHVHQWDWLYHSRSXODWLRQEDVHGGDWDRQ&%3LQ*HUPDQ\ZHUHQRW\HWDYDLODEOH
$GGLWLRQDOO\WKHILQGLQJWKDWHYHU\VL[WKFLWL]HQVXIIHUVIURP&%3KLJKOLJKWVWKHIDFW
WKDW&%3LVDZLGHVSUHDGGLVHDVHZLWKVRFLRHFRQRPLFUHOHYDQFH

ie



w



2IWKH&%3VXEMHFWVIXOILOOHGWKHFULWHULDIRU&:37KLVILQGLQJLVYHU\

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

LQWHUHVWLQJDQGKDVFOLQLFDOLPSOLFDWLRQV8VXDOO\&%3LVWUHDWHGDVDGLVWLQFWGLVHDVH
+RZHYHUDFFRUGLQJWRRXUGDWDWKLVDSSURDFKVHHPVDUWLILFLDOEHFDXVHDOPRVWRI
WKH&%3VXEMHFWVIXOILOOHGWKHFULWHULDIRU&:30RUHRYHURXUGDWDVKRZWKDWWKH&%3
SRSXODWLRQLVDUDWKHUKHWHURJHQHRXVJURXSDQGSHUVRQVODEHOOHGDVKDYLQJ&/3FDQ
UDQJHIURPSDLQLQDVLQJOHFLUFXPVFULEHGDUHDWRSDLQDIIHFWLQJRQHHQWLUHKDOIRIWKH
ERG\7KHUHIRUHWKHFRPPRQFDWHJRULVDWLRQRISDLQLQWRWKHXVXDOO\DSSOLHGJURXSV
RI&/3DQG&:3LVLQDGHTXDWH
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&RQVHTXHQWO\ZHGHYHORSHGDQHZSDLQFODVVLILFDWLRQV\VWHPWRIRUPPRUH
KRPRJHQHRXVJURXSVRISDLQH[WHQW:KHQDSSO\LQJRXU+HLGHOEHUJ3DLQ'UDZLQJ
0DVNWRIRXUSDLQH[WHQWJURXSVWKHVLWXDWLRQEHFDPHFOHDUHU,QRXUVWXG\
SRSXODWLRQRQO\DPLQRULW\  LQGLFDWHG6/3ZKLOHDQHYHQVPDOOHUSURSRUWLRQ
 LQGLFDWHG([&:37KHYDVWPDMRULW\WXUQHGRXWWRKDYHSDLQLQWKHVSLQDO
DUHDSOXVDQDGGLWLRQDOSDLQVLWH UHJLRQDOSDLQ&:3QRWIXOILOOHG RUJHQHUDOLVHGSDLQ
WKDWGLGQRWIXOILOWKHFULWHULDIRU([&:37KLVUHVXOWLVVLPLODUWRRWKHUVWXGLHVVKRZLQJ
WKDWPRVWSDWLHQWVUHSRUWSDLQLQPRUHWKDQRQHERG\ORFDWLRQ>@EXWWKDWWKH

Fo

H[WUHPHGLVWULEXWLRQRISDLQLVXVXDOO\UDUH>@7KHILQGLQJWKDW&%3SDWLHQWV

ev
rR

IUHTXHQWO\KDYHIXUWKHUSDLQDUHDVVKRZVWKDWUHVXOWVWKDWUHIHUWR&%3PXVWEH
LQWHUSUHWHGZLWKFDUHZKHQLVRODWHGIURPFRQFRPLWDQWV\PSWRPV,QIDFW
ELRSV\FKRVRFLDOPRGHOVWKDWDFFRXQWIRUDPXOWLOHYHOSHUVSHFWLYHRQ&%3WKDW
LQYROYHVEURDGHUSDLQUHJLRQVRWKHUVRPDWLFV\PSWRPVSV\FKRORJLFDOIDFWRUVDQG

ie

WKHVRFLDODQGRFFXSDWLRQDOFRQWH[WDSSHDUWREHPRUHDSSURSULDWH>@

w

7KHUHIRUHLQRXUVWXG\ZHFRQVLGHUHGWKHVHDGGLWLRQDOYDULDEOHV


ly
On

1
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5
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33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



2YHUDOOZKHQWHVWLQJWKHDVVRFLDWLRQRIRXUIRXUSDLQH[WHQWJURXSVZLWKWKHFOLQLFDO
SLFWXUHZHIRXQGWKDWDQLQFUHDVHLQSDLQH[WHQWLVFRQFRPLWDQWZLWKKLJKHUOHYHOVRI
GLVWUHVV'LVWUHVVLVUHSUHVHQWHGE\KLJKHUSDLQLQWHQVLW\KLJKHUGLVDELOLW\PRUH
PHGLFDOFRQVXOWDWLRQVPRUHIUHTXHQWXVHRISDLQPHGLFDWLRQVDQGDKLJKHUUDWHRI
DSSOLFDWLRQIRUGLVDELOLW\SHQVLRQV


7KHLQFUHDVHLQSDLQLQWHQVLW\DQGVHOIUHSRUWHGDQGREMHFWLYHO\DVVHVVHGLPSDLUPHQW
ZLWKLQFUHDVLQJSDLQH[WHQWILWVGDWDJDLQHGIURPWHUWLDU\FDUHVWXGLHVZKHUHPRGHUDWH
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FRUUHODWLRQVEHWZHHQSDLQH[WHQWDQGERWKSDLQVHYHULW\DQGLPSDLUPHQWZHUHIRXQG
>@0RUHRYHUWKHKLJKHUWKHH[WHQWRISDLQWKHPRUHFRQVXOWDWLRQVZHUH
UHSRUWHGDQGWKHPRUHSDLQPHGLFDWLRQZDVXVHG,QWKH6/3JURXSRQO\RI
WKHSDWLHQWVXVHGSDLQPHGLFDWLRQVZKHUHDVLQWKH([&:3JURXSXVHGSDLQ
PHGLFDWLRQV:LWKUHVSHFWWRRFFXSDWLRQDOVWDWXVLQFUHDVLQJSDLQH[WHQWZDV
DVVRFLDWHGZLWKDKLJKHUUDWHRIDSSOLFDWLRQVIRUGLVDELOLW\SHQVLRQ$FORVHUORRN
UHYHDOVWKDWLQWKH6/3JURXSDSSUR[LPDWHO\RIWKHVXEMHFWVDGGUHVVWKHWRSLFRI
GLVDELOLW\SHQVLRQZKHUHDVLQWKH([&:3JURXSQHDUO\RQHRIIRXURIWKRVHFXUUHQWO\

Fo

HPSOR\HGHLWKHUSODQVWRDSSO\RUKDVDOUHDG\DSSOLHGIRUSHQVLRQGXHWR&%37KLV

ev
rR

H[DPSOHPD\LOOXVWUDWHWKHQHHGIRUDFODVVLILFDWLRQV\VWHPEDVHGRQH[WUHPHSDWLHQW
JURXSVDVVXJJHVWHGLQWKLVVWXG\2XUILQGLQJVDUHLQDFFRUGDQFHZLWKDSURVSHFWLYH
VWXG\WKDWVKRZHGWKDWDKLJKHUQXPEHURISDLQORFDWLRQVLVDVVRFLDWHGZLWKWKH
SUHYDOHQFHRIGLVDELOLW\SHQVLRQV>@

ie



w



2YHUDOORXUILQGLQJVPLJKWH[SODLQZK\DVPDOOQXPEHURISDWLHQWVFODLPDODUJH

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

VKDUHRIWKHWRWDOFRVWVIRU&%3>@2XUGDWDVXJJHVWVWKDWWKHVHPLJKWEHWKH
SDWLHQWVZLWKDKLJKHUSDLQH[WHQW WKH&R&:3DQG([&:3JURXSV EHFDXVHRIWKH
DVVRFLDWLRQVPHQWLRQHGDERYH


/LPLWDWLRQVDQGVWUHQJWKV


&XUUHQWO\WKHUHLVQRXQLIRUPGHILQLWLRQRI&%3:KHQLQWHUSUHWLQJWKHGDWDRQHPXVW
NHHSLQPLQGWKDWRXU&%3VXEMHFWVKDGEDFNSDLQRQDWOHDVWGD\VRYHUWKHODVW
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WKUHHPRQWKV$FFRUGLQJWRWKLVWLJKWGHILQLWLRQRXUVWXG\SRSXODWLRQPD\UHSUHVHQWD
UDWKHUFKURQLFDQGXQZHOOVHJPHQWRIWKHWRWDOQXPEHURISHRSOHZKRH[SHULHQFH
EDFNSDLQ2QWKHRWKHUKDQGWKLVLVQRWDQH[FHSWLRQDOGHILQLWLRQDVPRVWRIWKH
GHILQLWLRQVRI³FKURQLF´XVHWHPSRUDODVSHFWV>@1HYHUWKHOHVVGLIIHUHQFHVLQ
UHSRUWHGSUHYDOHQFHUDWHVEHWZHHQRXUVWXG\DQGRWKHUVWXGLHVPD\LQSDUWEHGXHWR
KHWHURJHQHRXVGHILQLWLRQV>@



Fo

$IXUWKHUOLPLWDWLRQRIRXUVWXG\LVWKDWZHFRXOGQRWUHDFKDOOSHUVRQVZLWK&%3

ev
rR

KRZHYHUZLWKDQRYHUDOOUHWXUQUDWHRIZHDUHFRPSDUDEOHZLWKRWKHUVWXGLHV
>@1RQUHVSRQGHUDQDO\VHVUHYHDOHGRQO\VOLJKWGLIIHUHQFHVEHWZHHQ
SDUWLFLSDQWVDQGQRQSDUWLFLSDQWV7KHUHWXUQRIWKHLQLWLDOSDLQDVVHVVPHQW
TXHVWLRQQDLUHZDVDVVRFLDWHGZLWKROGHUDJHDQGWKHIHPDOHVH[7KHVHFRQG

ie

GURSGRZQIURPWKHSDWLHQWVLGHQWLILHGZLWK&%3WRWKHSDWLHQWVZKRSDUWLFLSDWHGLQWKH

w

FOLQLFDOH[DPLQDWLRQUHYHDOHGWKDWVXEMHFWVIURPDKLJKHUVRFLDOFODVVDQGVXEMHFWV
ZLWKOHVVSDLQLQWHQVLW\ZHUHPRUHOLNHO\WRSDUWLFLSDWH0RUHIHPDOHVDQGROGHU

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

SDWLHQWVPLJKWRYHUHVWLPDWHWKHH[WHQWRISDLQZKHUHDVORZHUSDLQLQWHQVLW\DQGD
KLJKHUVRFLDOFODVVPLJKWOHDGWRDQXQGHUHVWLPDWLRQRIWKHSDLQH[WHQW:HWKXV
H[SHFWWKHHIIHFWRQWKHSDLQH[WHQWPHDVXUHWREHPDUJLQDOEHFDXVHGLIIHUHQFHV
EHWZHHQWKHUHVSRQVHDQGQRQUHVSRQVHJURXSVZHUHRQO\VOLJKW7KLVLVVXSSRUWHG
E\WKHIDFWWKDWDQDO\VLVVKRZHGWKDWWKHHIIHFWRIQRQUHVSRQVHRQWKHSUHYDOHQFH
UDWHVZDVQHJOLJLEOH7KHVPDOOWRQHJOLJLEOHHIIHFWVRIDWWULWLRQLQ&%3VWXGLHVDUH
DOVRVXSSRUWHGE\RWKHUV>@
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7KHPHWKRGRORJLFDOVWUHQJWKRIRXUVWXG\LVLWVSRSXODWLRQEDVHGVHWWLQJWKDWZDV
FRPELQHGZLWKDFOLQLFDOH[DPLQDWLRQ7KLVDSSURDFKHQDEOHGXVWRLQFOXGHVXEMHFWV
ZLWK&%3WKDWGLGQRWVHHNPHGLFDOFDUH%HFDXVHRIEDFNSDLQFDVHVGRQRW
VHHNPHGLFDOFDUH>@VWXGLHVRIVHOHFWLYHFOLQLFDOVHWWLQJVPD\ELDVWKHUHVHDUFK
0RUHRYHULQFRQWUDVWWRTXHVWLRQQDLUHVWXGLHVWKDWUHO\VROHO\RQVHOIUHSRUWHGGDWD
WKHDGGLWLRQRIDSHUVRQDOFOLQLFDOH[DPLQDWLRQLQRXUVWXG\VWUHQJWKHQVWKHYDOLGLW\RI
RXUGDWD6XEMHFWVZLWKVSHFLILFFDXVHVRI&%3WKDWPRVWOLNHO\ELDVHGRWKHUUHVHDUFK
FRXOGEHH[FOXGHG:HZHUHDOVRDEOHWRREMHFWLI\SDWLHQWVHOIUDWLQJVDQGPHDVXUH

Fo

SDLQFRPSUHKHQVLYHO\)RUH[DPSOHRQHVWXG\VKRZHGWKDWURXJKO\WZRWKLUGVRI

ev
rR

SDWLHQWVDGGWRWKHLUSDLQGUDZLQJLILWLVGLVFXVVHGZLWKDSK\VLFLDQHYHQWKRXJKWKH\
KDGEHHQDVNHGWRJLYHDIXOOUHSRUWRIWKHLUSDLQV\PSWRPVRQDSDLQGUDZLQJZLWKLQD
TXHVWLRQQDLUH>@7KXVRXUVWXG\FRPELQHGWKHDGYDQWDJHVRIHSLGHPLRORJLFDODQG
FOLQLFDOUHVHDUFK


w



ie

,QFRQFOXVLRQRXUGDWDVKRZWKDW&%3LVKLJKO\SUHYDOHQWDQGWKDWLQPRVWSHRSOH

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

ZLWK&%3SDLQLVQRWUHVWULFWHGWRSDLQLQWKHEDFN'XHWRWKHKHWHURJHQHLW\RIWKH
&%3JURXSDPRUHGHWDLOHGFODVVLILFDWLRQV\VWHPWKDQWKHGLFKRWRPRXVJURXSLQJLQWR
&:3DQGQRQ&:3&/3LVUHTXLUHG:HSURSRVHDIRXUJURXSFODVVLILFDWLRQWKDW
IRUPVPRUHKRPRJHQHRXVJURXSVUHODWLYHWRWKHSDLQH[WHQW7KLVFODVVLILFDWLRQ
V\VWHPUHYHDOHGGLDJQRVWLFDQGFOLQLFDOUHOHYDQFH2XUGDWDVXSSRUWWKDWWKH
FODVVLILFDWLRQJURXSVDUHDVVRFLDWHGZLWKIXUWKHUUHOHYDQWYDULDEOHVLQFOXGLQJKLJKHU
SDLQLQWHQVLW\KLJKHUGLVDELOLW\PRUHPHGLFDOFRQVXOWDWLRQVPRUHIUHTXHQWXVHRI
SDLQPHGLFDWLRQVDQGDKLJKHUUDWHRIDSSOLFDWLRQIRUGLVDELOLW\SHQVLRQV7KXVXVLQJ
RXUFODVVLILFDWLRQV\VWHPZKLFKLVIHDVLEOHLQFOLQLFDOSUDFWLFHWKHKHWHURJHQHRXV
JURXSRI&%3VXEMHFWVLVVXEGLYLGHGLQWRIRXUFOLQLFDOO\GLVWLQJXLVKDEOHJURXSVWKDWDUH
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PRUHKRPRJHQHRXV&OLQLFDOO\WKHGHYHORSHGFODVVLILFDWLRQV\VWHPFDQEHXVHGWR
LGHQWLI\KLJKO\GLVWUHVVHGEXUGHQHGVXEMHFWVWKDWFODLPDODUJHVKDUHRIWKHFRVWV
DVVRFLDWHGZLWK&%37KHVHSDWLHQWVDUHJHQHUDOO\WKRVH&%3SDWLHQWVZLWKKLJKSDLQ
H[WHQW &:3 3K\VLFLDQVVKRXOGSD\DWWHQWLRQWRFOLQLFDOYDULDEOHVRWKHUWKDQSDLQ
H[WHQWHVSHFLDOO\WKHWKRURXJKQHVVDQGH[WHQWRISDLQ)XWXUHVWXGLHVZLOOKDYHWR
FRQILUPWKHYDOXHRIWKHFODVVLILFDWLRQV\VWHPIRUSURJQRVWLFSXUSRVHV

Fo
w

ie

ev
rR
ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
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49
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57
58
59
60
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$FNQRZOHGJHPHQWV


7KHVWXG\ZDVIXQGHGE\WZRJUDQWVRIWKH*HUPDQ)HGHUDO0LQLVWU\RI(GXFDWLRQ
DQG5HVHDUFK %0%) )LUVWJUDQWQDWLRQZLGHµ*HUPDQ%DFN3DLQ5HVHDUFK
1HWZRUN¶ ')56JUDQW1R(0 6HFRQGJUDQWUHVHDUFKFRQVRUWLXP
µ/RFDOL]HGDQGJHQHUDOL]HGPXVFXORVNHOHWDOSDLQSV\FKRELRORJLFDOPHFKDQLVPVDQG
LPSOLFDWLRQVIRUWUHDWPHQW¶ /2*,1JUDQW1R(&$ 


ev
rR



Fo

:HWKDQN6LQD0DULD'LHVQHU 0' IRUKHUVXSSRUWLQGDWDFROOHFWLRQDQGGLVFXVVLRQ
RIWKHUHVXOWV



w

ie
ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
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23
24
25
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27
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34
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37
38
39
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41
42
43
44
45
46
47
48
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52
53
54
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57
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59
60
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5HIHUHQFHV
.ULVPHU0YDQ7XOGHU0/RZEDFNSDLQ QRQVSHFLILF %HVW3UDFW5HV&OLQ
5KHXPDWRO  
0DHW]HO$/L/7KHHFRQRPLFEXUGHQRIORZEDFNSDLQDUHYLHZRIVWXGLHV
SXEOLVKHGEHWZHHQDQG%HVW3UDFW5HV&OLQ5KHXPDWRO  

'LRQQH&('XQQ.0&URIW351DFKHPVRQ$/%XFKELQGHU5:DONHU%):\DWW
0&DVVLG\-'5RVVLJQRO0/HERHXI<GH&+DUWYLJVHQ-/HLQR$UMDV3/DW]D8

Fo

5HLV6*LOGHO5HDO07.RYDFV)0gEHUJ%&HGUDVFKL&%RXWHU/0.RHV%:

ev
rR

3LFDYHW+6-YDQ7XOGHU0:%XUWRQ.)RVWHU1(0DFIDUODQH*-7KRPDV(
8QGHUZRRG0:DGGHOO*6KHNHOOH39ROLQQ(9RQ.RUII0$FRQVHQVXVDSSURDFK
WRZDUGWKHVWDQGDUGL]DWLRQRIEDFNSDLQGHILQLWLRQVIRUXVHLQSUHYDOHQFHVWXGLHV
6SLQH  

ie

0F%HWK--RQHV.(SLGHPLRORJ\RIFKURQLFPXVFXORVNHOHWDOSDLQ%HVW3UDFW5HV
&OLQ5KHXPDWRO  

w

7VDQJ$9RQ.RUII0/HH6$ORQVR-.DUDP($QJHUPH\HU0&%RUJHV*/*

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

%URPHW(-GH*LURODPR*GH*UDDI5*XUHMH2/HSLQH-3+DUR-0/HYLQVRQ'
2DNOH\%URZQH0$3RVDGD9LOOD-6HHGDW6:DWDQDEH0&RPPRQFKURQLFSDLQ
FRQGLWLRQVLQGHYHORSHGDQGGHYHORSLQJFRXQWULHVJHQGHUDQGDJHGLIIHUHQFHVDQG
FRPRUELGLW\ZLWKGHSUHVVLRQDQ[LHW\GLVRUGHUV-3DLQ  
)UHEXUJHU-.+ROPHV*0$JDQV53-DFNPDQ$0'DUWHU-':DOODFH$6
&DVWHO/'.DOVEHHN:'&DUH\767KHULVLQJSUHYDOHQFHRIFKURQLFORZEDFNSDLQ
$UFK,QWHUQ0HG  
3LFDYHW+6-6FKRXWHQ-6$*0XVFXORVNHOHWDOSDLQLQWKH1HWKHUODQGV
SUHYDOHQFHVFRQVHTXHQFHVDQGULVNJURXSVWKH'0&VWXG\3DLQ 
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6PLWK%+(OOLRWW$0+DQQDIRUG3&&KDPEHUV:$6PLWK:&)DFWRUVUHODWHGWR
WKHRQVHWDQGSHUVLVWHQFHRIFKURQLFEDFNSDLQLQWKHFRPPXQLW\UHVXOWVIURPD
JHQHUDOSRSXODWLRQIROORZXSVWXG\6SLQH  
*UDQ-77KHHSLGHPLRORJ\RIFKURQLFJHQHUDOL]HGPXVFXORVNHOHWDOSDLQ%HVW
3UDFW5HV&OLQ5KHXPDWRO  
6WDXG5&KURQLFZLGHVSUHDGSDLQDQGILEURP\DOJLDWZRVLGHVRIWKHVDPHFRLQ"
&XUU5KHXPDWRO5HS  
+LFNV*(*DLQHV-06KDUGHOO06LPRQVLFN(0$VVRFLDWLRQVRIEDFNDQGOHJ

Fo

SDLQZLWKKHDOWKVWDWXVDQGIXQFWLRQDOFDSDFLW\RIROGHUDGXOWVILQGLQJVIURPWKH

ev
rR

UHWLUHPHQWFRPPXQLW\EDFNSDLQVWXG\$UWKULWLV5KHXP  
1DWYLJ%%UXXVJDDUG'(ULNVHQ:/RFDOL]HGORZEDFNSDLQDQGORZEDFNSDLQ
DVSDUWRIZLGHVSUHDGPXVFXORVNHOHWDOSDLQWZRGLIIHUHQWGLVRUGHUV"$FURVV
VHFWLRQDOSRSXODWLRQVWXG\-5HKDE0HG  

ie

5DVSH$0DWWKLV&+pRQ.OLQ95DVSH+&KURQLFEDFNSDLQPRUHWKDQSDLQLQ

w

WKHEDFN")LQGLQJVRIDUHJLRQDOVXUYH\DPRQJLQVXUHHVRIDZRUNHUVSHQVLRQ
LQVXUDQFHIXQG5HKDELOLWDWLRQ

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

7XUN'&0HO]DFN5HGLWRUV+DQGERRNRISDLQDVVHVVPHQW1HZ<RUN7KH
*XLOIRUG3UHVV

9RQ.RUII0'ZRUNLQ6)/H5HVFKH/*UDGHGFKURQLFSDLQVWDWXVDQ
HSLGHPLRORJLFHYDOXDWLRQ3DLQ  
&DUQHV'$VKE\'8QGHUZRRG0$V\VWHPDWLFUHYLHZRISDLQGUDZLQJ
OLWHUDWXUHVKRXOGSDLQGUDZLQJVEHXVHGIRUSV\FKRORJLFVFUHHQLQJ"&OLQ-3DLQ
  
:ROIH)6P\WKH+$<XQXV0%%HQQHWW50%RPEDUGLHU&*ROGHQEHUJ'/
7XJZHOO3&DPSEHOO60$EHOHV0&ODUN3)DP$*)DUEHU6-)LHFKWQHU--
0LFKDHO)UDQNOLQ&*DWWHU5$+DPDW\'/HVVDUG-/LFKWEURXQ$60DVL$7
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0F&DLQ*$-RKQ5H\QROGV:5RPDQR7--RQ5XVVHOO,6KHRQ537KH$PHULFDQ
&ROOHJHRI5KHXPDWRORJ\FULWHULDIRUWKHFODVVLILFDWLRQRIILEURP\DOJLD$UWKULWLV 
5KHXP  
6DQGHUV1:0DQQ1+,6SHQJOHU'03DLQGUDZLQJVFRULQJLVQRWLPSURYHGE\
LQFOXVLRQRISDWLHQWUHSRUWHGSDLQVHQVDWLRQ6SLQH  
6FKPLGW&25DVSH+3ILQJVWHQ0+DVHQEULQJ0%DVOHU+'(LFK:
.RKOPDQQ7%DFNSDLQLQWKH*HUPDQDGXOWSRSXODWLRQSUHYDOHQFHVHYHULW\DQG
VRFLRGHPRJUDSKLFFRUUHODWHVLQDPXOWLUHJLRQDOVXUYH\6SLQH  

Fo

6FKPLGW&25DVSH+3ILQJVWHQ0+DVHQEULQJ0%DVOHU+'(LFK:

ev
rR

.RKOPDQQ7'RHVDWWULWLRQELDVORQJLWXGLQDOSRSXODWLRQEDVHGVWXGLHVRQEDFNSDLQ"
(XU-3DLQ  

%OXPHQVWLHO.*HUKDUGW$5RONH5%LHEHU&7HVDU]-)ULHGHULFK+&(LFK:
7UHHGH5'4XDQWLWDWLYHVHQVRU\WHVWLQJSURILOHVLQFKURQLFEDFNSDLQDUHGLVWLQFW

ie

IURPWKRVHLQILEURP\DOJLD&OLQ-3DLQ  

w

*HUKDUGW$+DUWPDQQ06FKXOOHU5RPD%%OXPHQVWLHO.%LHEHU&(LFK:
6WHIIHQ67KHSUHYDOHQFHDQGW\SHRI$[LV,DQG$[LV,,PHQWDOGLVRUGHUVLQVXEMHFWV

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
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17
18
19
20
21
22
23
24
25
26
27
28
29
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31
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34
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38
39
40
41
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49
50
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53
54
55
56
57
58
59
60

ZLWKQRQVSHFLILFFKURQLFEDFNSDLQUHVXOWVIURPDSRSXODWLRQEDVHGVWXG\3DLQ0HG
  

5R\DO&ROOHJHRI*HQHUDO3UDFWLWLRQHUV&OLQLFDO*XLGHOLQHVIRUWKH0DQDJHPHQWRI
$FXWH/RZ%DFN3DLQ/RQGRQ5R\DO&ROOHJHRI*HQHUDO3UDFWLWLRQHUVDQG

:DGGHOO*6RPHUYLOOH'+HQGHUVRQ,1HZWRQ02EMHFWLYHFOLQLFDOHYDOXDWLRQRI
SK\VLFDOLPSDLUPHQWLQFKURQLFORZEDFNSDLQ6SLQH  
+DUNQHVV()0DFIDUODQH*-6LOPDQ$-0F%HWK-,VPXVFXORVNHOHWDOSDLQPRUH
FRPPRQQRZWKDQ\HDUVDJR"WZRSRSXODWLRQEDVHGFURVVVHFWLRQDOVWXGLHV
5KHXPDWRORJ\  
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:LQNOHU-6WRO]HQEHUJ+'HU6R]LDOVFKLFKWLQGH[LP%XQGHV*HVXQGKHLWVVXUYH\
>6RFLDOFODVVLQGH[LQWKH)HGHUDO+HDOWK6XUYH\@*HVXQGKHLWVZHVHQ
 6 
9RQ.RUII02UPHO-.HHIH)-'ZRUNLQ6)*UDGLQJWKHVHYHULW\RIFKURQLF
SDLQ3DLQ  
.RKOPDQQ75DVSH++DQQRYHU)XQFWLRQDO4XHVWLRQQDLUHLQDPEXODWRU\
GLDJQRVLVRIIXQFWLRQDOGLVDELOLW\FDXVHGE\EDFNDFKH5HKDELOLWDWLRQ  


Fo

0DJQXVVHQ/+/\JUHQ+$QGHUVRQ%%UHLYLN.6WUDQG/,9DOLGDWLRQRIWKH

ev
rR

1RUZHJLDQ9HUVLRQRI+DQQRYHU)XQFWLRQDO$ELOLW\4XHVWLRQQDLUH6SLQH
  ((

:DUH-(6KHUERXUQH&'7KH026LWHPVKRUWIRUPKHDOWKVXUYH\ 6) ,
&RQFHSWXDOIUDPHZRUNDQGLWHPVHOHFWLRQ0HG&DUH  

ie

0RUIHOG0.LUFKEHUJHU,%XOOLQJHU06))UDJHERJHQ]XP

w

*HVXQGKHLWV]XVWDQG+DQGDQZHLVXQJ>6)KHDOWKVXUYH\@*|WWLQJHQ+RJUHIH


ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
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44
45
46
47
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49
50
51
52
53
54
55
56
57
58
59
60

*UlIH.=LSIHO6+HU]RJ:/|ZH%6FUHHQLQJSV\FKLVFKHU6W|UXQJHQPLWGHP
*HVXQGKHLWVIUDJHERJHQIU3DWLHQWHQ 3+4' (UJHEQLVVHGHUGHXWVFKHQ
9DOLGLHUXQJVVWXGLH>6FUHHQLQJIRUSV\FKLDWULFGLVRUGHUVZLWKWKH3DWLHQW+HDOWK
4XHVWLRQQDLUH 3+4 5HVXOWVIURPWKH*HUPDQYDOLGDWLRQVWXG\@'LDJQRVWLFD
  
0F%HWK-0DFIDUODQH*-%HQMDPLQ66LOPDQ$-)HDWXUHVRIVRPDWL]DWLRQ
SUHGLFWWKHRQVHWRIFKURQLFZLGHVSUHDGSDLQUHVXOWVRIDODUJHSRSXODWLRQEDVHG
VWXG\$UWKULWLV5KHXP  
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:ROIH)5RVV.$QGHUVRQ-5XVVHOO,-+HEHUW/7KHSUHYDOHQFHDQG
FKDUDFWHULVWLFVRIILEURP\DOJLDLQWKHJHQHUDOSRSXODWLRQ$UWKULWLV5KHXP
  
&DUQHV'3DUVRQV6$VKE\'%UHHQ$)RVWHU1(3LQFXV79RJHO6
8QGHUZRRG0&KURQLFPXVFXORVNHOHWDOSDLQUDUHO\SUHVHQWVLQDVLQJOHERG\VLWH
UHVXOWVIURPD8.SRSXODWLRQVWXG\5KHXPDWRORJ\  
5DVSH++SSH$0DWWKLV&7KHRULHQXQG0RGHOOHGHU&KURQLIL]LHUXQJ$XI
GHP:HJ]XHLQHUHUZHLWHUWHQ'HILQLWLRQFKURQLVFKHU5FNHQVFKPHU]HQ>7KHRULHV

Fo

DQGPRGHOVRIFKURQLFLW\RQWKHZD\WRDEURDGHUGHILQLWLRQRIFKURQLFEDFNSDLQ@

ev
rR

6FKPHU]  

.LNXFKL61HZFRQFHSWIRUEDFNDFKHELRSV\FKRVRFLDOSDLQV\QGURPH(XU6SLQH
-  

+DQFRFN00DKHU&/DVOHWW0+D\(.RHV%'LVFXVVLRQSDSHUZKDW

ie

KDSSHQHGWRWKHµELR¶LQWKHELRSV\FKRVRFLDOPRGHORIORZEDFNSDLQ"(XU6SLQH-
  

w

:HQQJUHQ$6WnOQDFNH%0&RPSXWHUL]HGDVVHVVPHQWRISDLQGUDZLQJDUHDD

ly
On

1
2
3
4
5
6
7
8
9
10
11
12
13
14
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18
19
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Figure 1: Flow-chart of subject inclusion
Chronic back pain (CBP) was defined as pain in the back on at least 45 days within the last three months.
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Figure 2: Heidelberg pain drawing mask. (a) Participants were given drawings of the body (front view and
back view) and were asked to mark all of the painful areas of the body. (b) A transparent template indicates
the boundaries of each region. It was placed over the pain drawings to assist in analysis.
The regions are as follows: a) Cervical spine, b) Thoracic spine, c) Lumbar spine, and d) Limb.
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Figure 3: Classification of pain extent into four groups according to the suggested new classification system.
(a) Strict back pain: pain in 1 to 3 spinal areas, no further pain. (b) Chronic regional pain: pain in the spinal
area plus additional pain, but criteria for CWP is not fulfilled. (c) Common CWP: pain in the spinal area plus
at least two contra-lateral limbs, but less than four limbs. (d) Extreme CWP: all spinal areas and all four
limbs are affected.
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Patients. From a random sample of individuals
(N = 2,000), 1,091 subjects completed a questionnaire including a pain assessment. Of those, 188
subjects (17%) fulfilled the criteria for chronic back
pain ($45 days of back pain in the last 3 months)
and were subsequently invited to undergo a detailed
clinical examination; 131 subjects (70%) agreed to
participate. The Structured Clinical Interview for the
Diagnostic and Statistical Manual of Mental Disorders IV (DSM-IV) (SCID-I + II) was used to assess
current (defined as the previous 4 weeks) mental
comorbidity and was completed in 110 subjects
(84%) with non-specific chronic back pain.
Intervention. N/A.
Outcome Measures. DSM-IV mental comorbidity
diagnoses.
Results. The overall prevalence of mental comorbidity of Axis-I and -II disorders were 35.5% and
15.5%, respectively. Of Axis-I disorders, anxiety disorders (20.9%) and affective disorders (12.7%) were
the most frequent. Of Axis-II disorders, 9.1% of diagnoses was of the Cluster C category (anxious/
inhibited). Compared with the general population,
the total rate of Axis-I comorbidity was significantly
higher, while the total rate for Axis-II personality
disorders was only slightly different.

Abstract
Objective. To investigate the prevalence and the
type of mental comorbidity in a population-based
sample of subjects with non-specific chronic back
pain.

Conclusions. The consistent diagnoses of anxiety,
fear, and avoidance in these subjects indicate that
also primary care health professionals should consider anxiety disorders in patients with chronic pain,
in addition to the affective disorders that are most
frequently self-reported in pain patients.

Design. Representative population-based survey.
Setting. The city of Heidelberg (in southwestern
Germany) and 10 adjacent communities.

Key Words. Non-Specific Chronic Back Pain (CBP);
Mental Disorders; Prevalence; SCID; Epidemiologic
Design; Mental Comorbidity
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Introduction
Today, pain of the musculoskeletal system is the most
common pain syndrome worldwide [1–3]. This type of
pain is on the increase and is of immense cost to the
public health system [4]. About one third of patients who
were treated at the primary care level had a predominance
of musculoskeletal pain [5]. Chronic back pain (CBP), a
major subgroup of musculoskeletal diseases, is of high
prevalence and patients often respond poorly to treatment
[6–8]. Therefore, research identifying various factors associated with the development and maintenance of back
pain is highly relevant.
Empiric studies of the etiology of CBP have identified
somatic as well as psychological and social factors as
risks for developing a chronic condition [9,10]. Of these
variables, mental comorbidity is of interest. Several studies
found an increased prevalence of mental disorders in CBP
patients, ranging from 31% to 98% [11,12]. Reasons for
the high variability in prevalence include differences in
study design, instrumentation, or the quality of the collection of somatic and mental diseases [11].
A study by Polantin et al. found that 59% of CBP patients
demonstrated current symptoms of at least one Axis-I
diagnosis according to the DSM-IV and 51% met the
criteria for any Axis-II personality disorder (PD) [12]. Similar
high prevalence rates were found in other studies of
chronic musculoskeletal pain [13,14]. Differences in
patients with acute (23% Axis-I and 21% Axis-II disorders)
or chronic (68% Axis-I and 60% Axis-II disorders) low back
pain show that mental comorbidity may play an important
role in CBP [15]. In contrast, only about 15% of the
general population was identified as suffering from acute
mental disorders in the National Institute of Mental Health
Epidemiologic Catchment Area Survey [16].
In patients with CBP, affective disorders were the most
frequently reported diagnoses (32.4–68.0%), followed by
substance abuse (13.2–40.5%), and anxiety disorders
(10.6–19.0%) [12,14,17]. These results differ from representative population-based samples, in which anxiety disorders are the most prevalent (9.0–14.5%) [18]. In more
recent studies of chronic pain, there is some evidence that
anxiety disorders might occur as frequently as mood disorders [19–21].
The studies mentioned above either were confined to
patients receiving clinical treatment, or had methodological shortcomings. In fact, it is known that only half of the
individuals suffering from musculoskeletal pain seek treatment through the medical system [22]. Therefore, the
purpose of the present study was to investigate the
prevalence and the type of mental comorbidity in a representative population-based sample of individuals with
CBP. To reliable diagnose non-specific CBP subjects
were physically examined. The use of a clinical, standardized assessment method (Structured Clinical Interview for
DSM-IV [SCID]; Axis-I + Axis-II) was used to yield reliable
information about the prevalence and the type of mental
1232

disorders in a representative population of subjects with
CBP.
Methods
Design and Sample Selection
The study is part of a population-based longitudinal multiregional postal survey of back pain [23] by the German
Back Pain Research Network (GBPRN). Heidelberg and
10 adjacent communities were randomly chosen out of 55
cities and communities in the southwestern district (RheinNeckar) of Germany. A random sample of 4,000 persons
was drawn from these communities, proportional to the
number of inhabitants.
To identify the sample, we asked the registration offices to
provide lists of inhabitants suitable for our requirements
(18–74 years old and residing in the chosen regions). This
procedure ensured that a representative sample of the
entire population was included. From a list of 4,000 individuals, 3,899 were reached by mail and were asked to fill
out a screening questionnaire that included questions
regarding the occurrence, intensity, duration, and radiation
of back pain, social and demographic variables, and psychometric tests. Additionally, space was provided where
they could register their contact information (telephone
number and availability). If necessary, up to two reminders
were sent at 3- and 6-week intervals after the first mailing.
The questionnaires were returned by 2,408 individuals
(61.8%). The response rates were approximately 30%
after the first letter, approximately 20% after the first
reminder, and approximately 10% after the second
reminder.
All individuals suffering from back pain for $ 45 days
during the last 3 months (N = 427) were contacted by
telephone and invited to a clinical (physical and psychological) examination at the university outpatient department. If no telephone number was available, individuals
were contacted by mail. If an individual was not reached
with the first call, he or she was recontacted up to five
times. If an appointment was missed, the individual was
called up to two more times to schedule a new appointment. A total of 303 individuals accepted the invitation for
a clinical examination.
To examine the prevalence and the type of mental comorbidity among non-specific CBP subjects, we administered
the SCID (SCID-I and SCID-II), a comprehensive and
highly valid instrument. Because of time and personnel
constraints, we initially randomly allocated half of the
population (2,000 out of 4,000 individuals) for the Structured Clinical Interview. Of the randomized subsample,
1,091 subjects returned the questionnaire; 198 of them
fulfilled the criteria for CBP. These 198 subjects were
invited to a physical examination in our outpatient department to verify self-diagnosis of CBP and to exclude
patients with specific causes of CBP. Of those invited, 57
patients refused participation. The remaining 141 subjects
were examined (general, rheumatological and neurological
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Figure 1 Participation flow, including SCID subsample. SCID = Structured Clinical Interview for DSM-IV.
examination, blood tests, past medical history, past
severe injuries) for specific causes of CBP. After the physical examination, 10 patients were excluded due to specific
causes of CBP (two suffered from Bechterew’s disease,
two suffered from rheumatoid arthritis affecting the spine,
one suffered from polymyalgia rheumatica, one suffered
from tumor/metastases, one suffered from spondelolysis,
three suffered from disc hernia). The remaining 131 subjects with non-specific CBP were scheduled for the SCID
procedure (psychological examination). Fourteen of the
scheduled SCID interviews could not be completed for the
following reasons: an incomplete physical examination
(N = 4), exhaustion after the physical examination (N = 6),
refusal to participate in the study (N = 2), and lack of
language skills (N = 2). The detailed participation flow is
shown in Figure 1.
Overall, 117 individuals participated in the SCID interview,
but seven interviews were not included in the analysis
because the interview was incomplete or interrupted.
Thus, 110 interviews (84%) were evaluated.

The study was carried out in accordance with the Declaration of Helsinki of 1975. The ethics committee of the
Medical Hospital of Heidelberg approved this study,
and all participants gave their written informed consent.
Participants received an allowance of EUR 10 ($14) for
attending the entire examination.

Assessment
To assess mental comorbidity, the German version of the
SCID, which consists of two parts, was used [24]. The
SCID-I is a semi-structured interview for the evaluation of
major DSM-IV Axis-I diagnoses. In this study, we used
the non-patient version. By using the SCID-I, it is possible to derive both a current and a previous history of
psychiatric illness. The category of somatoform pain disorder is highly controversial with respect to back pain.
Therefore, in accordance with other authors, we
excluded the diagnosis of somatoform pain disorder
[14].
1233
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The SCID-II procedure for assessing PDs is a two-stage
process. First, subjects complete a 120-item questionnaire with questions based on the criteria from the DSMIV. In the second stage, a semi-structured interview is
administered. Positive answers must be re-evaluated by
the interviewer in order to diagnose Axis-II PD. According
to the SCID-II protocol, we interviewed only those
subjects who achieved the cut-off (a specified number
of positive answers in a specific PD section) on the
questionnaire.
All SCID interviews were conducted by two psychologists
with graduate training in clinical psychology. To ensure
diagnostic reliability, 20 interviews (10 from each interviewer) were videotaped and SCID rated by both psychologists. A kappa coefficient was calculated to assess
inter-rater reliability. For Axis-I disorders, the kappa
coefficient was 0.89, indicating a good agreement
between the raters [25]. For Axis-II disorders, there was
agreement in 80% of the ratings, but it was not possible to
calculate the kappa coefficient due to the small number of
subjects diagnosed with an Axis-II disorder. In case of
missing inter-rater agreement, an experienced psychiatrist
was consulted to moderate.

Statistical Analysis
Variables are presented as means (M) and standard
deviations (SD) for continuous variables, and numbers
(N) and proportions (%) for categorical variables. We
compared our prevalence data for current (the previous
4 weeks) Axis-I and Axis-II disorders with those reported
in other general population-based studies (control
groups), using Fisher’s exact test [18,26]. The prevalence in the general population was adjusted by age and
sex compared with the population of the Rhein-Neckar
district. All statistical measures were calculated using
SPSS (Version 17.0; Chicago, IL, USA).

Non-Responder Analysis
Non-responder analysis was conducted by logistic
regression. A first non-responder analysis compared the
subjects who returned the questionnaire to the subjects
who did not respond. We found that older people and
women were more likely to participate. The second nonresponder analysis compared the subjects with CBP
who took part in the clinical examination to the subjects
who refused to participate. There were no differences in
terms of age or gender. However, differences were noted
in pain intensity over the previous 3 months and in social
class. High intensity pain was associated with a
decreased probability of participation, whereas subjects
from a higher social class were more likely to participate. The following factors did not influence participation: marital status, education, occupational status,
receiving disability pension, self-reported impairment, and the number of consultations over the last 3
months.
1234

Table 1 Socio-demographic variables of
non-specific chronic back pain patients
CBP Patients: N = 110

M (SD)

Age

48 6 (13.3)
N (%)

Gender
Female
Marital status
Single/divorced/widowed
Married
Education
<10 years
$10 years
Occupational status
Employed
Unemployed
School/apprenticeship
Occupational disability pension
Retirement pay

63 (57)
32 (29)
78 (71)
50 (45)
54 (49)
67
12
2
4
19

(61)
(11)
(2)
(4)
(17)

If subpoints (e.g. “employed,” “unemployed”) of a heading (e.g.,
“occupational situation”) do not sum up to 100%, this is due to
missing data.
CBP = chronic back pain.

Results
The socio-demographic characteristics of subjects who
took part in the SCID study are shown in Table 1. The
mean age was 48 6 13.3 years, and 57% of the subjects
were female. A pain figure was used to categorize subjects as to localized or widespread pain [27]. Approximately, 45.5% of the subjects administered the SCID
interview had chronic local pain (CLP) and 54.5% had
chronic widespread pain (CWP). The group of CWP
included one patient with diagnosis of fibromyalgia syndrome diagnosed according to American College of
Rheumatology (ACR) criteria [28]. Sixty percent of women
and 47% of men were diagnosed to have CWP (NS).
Table 2 shows the current prevalence and type of Axis-I
disorders in subjects with non-specific CBP, excluding
somatoform pain disorder. Of the subjects with nonspecific CBP, 39 subjects (35.5%) received at least
one Axis-I diagnosis. We observed no sex difference
(men = 36%, women = 35%, NS) and no differences comparing CLP with CWP (17% and 18%, respectively)
regarding prevalence of mental disorders. Anxiety disorders (20.9%) and affective disorders (12.7%)
were the most frequently diagnosed, followed by
substance-related disorders (7.3%) and eating disorders
(5.5%).
The prevalence and the type of Axis-II disorders in
the non-specific CBP subjects are presented in Table 3.
Seventeen (15.5%) of the participants met the criteria for
at least one Axis-II PD. The most frequent diagnoses
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Table 2 Current prevalence of Axis-I disorders (DSM-IV) for non-specific CBP patients (N = 110)
DSM-IV Code
At least one Axis-I disorder
Affective disorders
Major depression, single episode, mild
Major depression, single episode, moderate
Major depression, recurrent, mild
Major depression, recurrent, moderate
Dysthymia
Depressive disorder, not otherwise specified
Affective disorder due to a general medical condition
Anxiety disorder
Panic disorder without agoraphobia
Panic disorder with agoraphobia
Agoraphobia without history of panic disorder
Social phobia
Specific phobia
Substance-related disorder
Alcohol dependence
Multiple substance dependence
Alcohol abuse
Eating disorder
Anorexia nervosa
Eating disorders, not otherwise specified
Bulimia nervosa
Acute stress disorder
Adjustment disorders
— With depressive mood
— With mixed anxiety and depressed mood

296.21
296.22
296.31
296.32
300.4
311
293.83
300.01
300.21
300.22
300.23
300.29
303.90
304.80
305.00
307.1
307.5
307.51
308.3
309.20
309.28

N

Prevalence (%)

39
14
1
1
2
4
3
2
1
23
5
2
4
5
7
8
3
1
4
6
2
2
2
1
3
2
1

35.5*
12.7†
0.9
0.9
1.8
3.6
2.7
1.8
0.9
20.9†
4.5
1.8
3.6
4.5
6.4
7.3†
2.7
0.9
3.6
5.5†
1.8
1.8
1.8
0.9
2.7
1.8
0.9

* Due to multiple diagnoses in some CBP patients, the sum for the prevalence of the different disorder-groups (e.g. “Affective
Disorders”, “Anxiety Disorders”, “Eating Disorders”) is higher than the prevalence for co-morbid Axis-I disorder (“At least one Axis-I
disorder”). † Deviations between the sum of the single diagnoses (e.g., “Anorexia Nervosa,” “Bulimia Nervosa”) and the proportion
of the disorder group (“Eating Disorders”) are a result of rounding.
CBP = chronic back pain; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, IV.

were obsessive-compulsive and avoidant PD (4.5% each),
followed by borderline PD (3.6%), paranoid PD (2.7%),
and narcissistic PD (0.9%). Thus, diagnoses in Cluster
C (anxious/inhibited) were the most prominent and
accounted for 9.1% of diagnoses.
In addition, we compared the prevalence of both Axis-I
and Axis-II disorders with their prevalence in other
population-based studies. Comparison of current (the
previous 4 weeks) Axis-I disorders between the study
participants and data from another population-based
study revealed a significant difference between the nonspecific CBP subjects in this study and individuals in the
general population [18]. Our CBP subjects showed a significantly higher prevalence in each of the accumulated
categories (any Axis-I disorder: odds ratio [OR] 2.23,
P < 0.001; any anxiety disorder: OR 2.67, P < 0.001;
any mood disorder: OR 2.16, P < 0.05; any substance
related disorder: OR 2.64, P < 0.05; any eating disorder:
OR 29.04, P < 0.001). The comparison of Axis-II PDs in
our subjects and the data from the general population
showed no significant differences, other than in avoidant
PD in Cluster C (OR 4.24, P < 0.05) [26].

Discussion
To our knowledge, this is the first study of the prevalence
and the type of mental comorbidity in subjects suffering
from non-specific CBP who were recruited by a randomized representative population-based survey and administered the SCID. The main advantage of our approach
was the large number of individuals with non-specific
CBP that were drawn from the general population, rather
than from a specific clinical setting. The second strength
of this study was the simultaneous assessment of Axis-I
and Axis-II disorders. To the best of our knowledge, there
is no representative population-based study of patients
with CBP that assesses the prevalence and type of
Axis-II PDs using a validated instrument for DSM-IV. In
addition, the criterion for inclusion in the chronic pain
group was determined by a physical examination and
was not based solely on patients’ self-report, as is typical
of other studies.
In our sample, approximately one third (35.5%) of the
subjects had at least one current Axis-I disorder, excluding
somatoform pain disorders. This result is at the lower end
1235

Gerhardt et al.

Table 3 Prevalence of Axis-II disorders (DSM-IV)
for non-specific CBP patients (N = 110)
DSM-IV
Code
At least one Axis-II disorder
Cluster A (odd/eccentric)
Paranoid PD
Cluster B (dramatic/erratic)
Borderline PD
Narcissistic PD
Cluster C (anxious/inhibited)
Obsessive-compulsive PD
Avoidant PD
Negativistic (passiveaggressive) PD‡

301.00
301.83
301.81
301.4
301.82

N

Prevalence
(%)

17
3
3
5
4
1
10
5
5
1

15.5*
2.7
2.7
4.5
3.6
0.9
9.1†
4.5
4.5
0.9

* Due to multiple diagnoses in some CBP patients, the sum
of the prevalence of the different Clusters is higher than the
prevalence for comorbid Axis-II disorder (“At least one Axis-II
disorder”).
†
Deviations between the sum of the single diagnoses (e.g.,
“obsessive-compulsive PD,” “avoidant PD”) and the proportion
of the Clusters (e.g., “Cluster C”) are a result of rounding.
‡
This is not yet an official category of Axis-II disorders in the
DSM-IV but it is listed in DSM-IV Appendix B as a suggestion
for a new category.
CBP = chronic back pain; PD = Personality Disorder; DSM-IV =
Diagnostic and Statistical Manual of Mental Disorders, IV.

of the previously reported range of mental comorbidity in
subjects with back pain [12–14,17]. However, this prevalence is still significantly elevated compared with the
general population. The prevalence of Axis-II PDs in this
study was 15.5%. Compared with clinical samples of
patients with back pain, this prevalence is rather low and
similar to the total prevalence of mental disorders in the
general population.
Other studies are in agreement with our findings of a
significantly higher, although moderate, prevalence of
mental comorbidity in patients with CBP (31%–38%)
[11,21,29,30]. A population-based case-control study
found that only 16.9% of individuals with CWP were
estimated to have a psychiatric diagnosis [31]. However,
this study used a non-representative population and
inadequate screening methods. To summarize, the
studies in the literature recruited patients from a clinical
setting, did not apply an international standardized
assessment instrument for the evaluation of mental disorders or used another defined pain condition.
In our population, anxiety disorders were the most
common category of Axis-I mental disorders (20.9%), followed by affective disorders (12.7%), substance-related
disorders (7.3%), and eating disorders (5.5%). Of Axis-II
disorders, PDs of Cluster C (anxious-avoidant) were the
most frequent (9.1%). When the psychopathological
aspects of both Axes are considered together, a consistent
1236

tendency toward vulnerability to anxiety, fear and avoidance were observed among our subjects, as reported
elsewhere [32]. Sensitivity toward anxiety can be viewed as
a precursor to pain-related fear or depression; avoidance
behavior or disability is thought to be a response to experiencing pain [33–38]. Furthermore, avoidance may contribute to the maintenance or exacerbation of chronic pain
and produce a number of additional negative physical and
psychological symptoms. Fearful people are more conscious of possible threatening signals and are therefore less
able to shift their attention away from pain-related information [37]. Additional longitudinal studies are needed to
better understand the role of anxiety in chronic pain.
In our subjects, the prevalence of affective disorders
(12.7%) was greater than that of the general population.
The observation that affective disorders are the most frequent mental comorbidity in patients suffering from pain
has been reported by others [12,15]. In our sample,
however, anxiety disorders were the most prevalent, which
is in agreement with data from the general population [18].
This might be due to our population-based setting, as
confirmed by other recent population-based studies
[19–21]. It can be hypothesized that in the medical system,
depressed patients tend to be identified more easily than
patients with anxiety disorders, perhaps because patients
with depression are more likely to seek help than patients
with anxiety disorders. Between one third and one half of
patients with depression seek help, whereas a lower
number of patients with anxiety disorders seek help
[39–42]. Therefore, clinicians should consider screening for
affective and anxiety disorders in patients with CBP. The
rehabilitation of patients with chronic pain may be compromised if concurrent psychiatric disorders are not recognized and adequately treated [43,44].
In our subjects, the prevalence of substance-related disorders was low (7.3%). This result differs from AngloAmerican studies of patients with CBP, where reported
ranges of prevalence vary from 19% to 23% [12,45]. One
explanation for this difference may be cultural differences
in perceiving and/or reporting substance-related disorders. This conclusion is supported by comparably small
rates in the comparison group [18].
The observed prevalence of eating disorders in our subjects (5.5%) is high compared with other studies of CBP
patients as well as to the general population. This is surprising, considering that psychophysiological studies
show an elevated pain threshold and a decreased sensitivity to painful stimuli in patients diagnosed with either
bulimia or anorexia nervosa [46–48]. On the other hand, it
is known that obesity, which is often found in atypical
eating disorders, is a risk factor for developing CBP [49]. In
addition, osteoporosis (which is common in anorexia) is
associated with an increased risk of symptoms of pain
[50,51]. However, our findings should be interpreted carefully due to the small sample size.
The prevalence of PDs in our study are remarkably low in
comparison to a previous study [12]. It could be con-
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cluded that the relatively moderate prevalence of PD
observed in our study may be attributed to our nonselective population-based sample that was not confounded by a high rate of help-seeking behavior. It would
be interesting to compare further samples of pain subjects
with respect to PD.
Our study has several limitations. The overall rate of return
of our postal survey was 60.1% after two reminders.
However, this is comparable with other studies [23,52–
54]. Non-responder analyses revealed only slight differences between participants and non-participants. Return
of initial pain assessment questionnaire was associated
with older age and female sex. In general, women are
more likely to suffer from mental disorders than men [18].
Thus, there might be an overestimation of mental comorbidity in our study. However, in our study, women were not
more likely to have mental comorbidity than man. In regard
to age, most disorders develop early in life [18]; thus,
influence of a higher proportion of older aged participants
might be attenuated.
The second dropdown from the identified 188 patients
with non-specific CBP to the 110 patients that completed
SCID procedure was addressed by second nonresponder analyses. Analyses revealed that subjects from
a higher social class and subjects with less pain intensity
were more likely to participate in the physical examination
and SCID procedure. Lower socioeconomic status is
usually associated with greater risk for mental disorders
[18]. The higher response rate of patients with higher
socioeconomic status might also explain the low rate of
Axis-II disorders because especially PDs are concentrated
in lower socioeconomic groups [55]. Moreover, it might be
that especially the group with high pain intensity has greatest psychiatric comorbidity, thus underestimating prevalence of mental comorbidity in our CBP sample. These
findings offer the possibility of underestimating prevalence.
We were also surprised not to capture generalized anxiety
disorder (GAD) with the SCID. Perhaps it might be that
patients with GAD have belonged to the non-responders
and were less likely to participate in a voluntarily study on
CBP that might not target at their GAD symptomatology.
The observed influence of age, sex, and socioeconomic
class on participation in research is well known [52,56,57].
Moreover, studies have shown that persons who respond
to surveys on CBP or mental disorders might be slightly
more likely to suffer from the complain in focus [52,58,59].
Thus, a low response rate offers potential to slightly overestimate prevalence. Strictly speaking, results can only be
generalized for groups containing more women and older
aged people with higher socioeconomic status. Therefore,
we advocate studies targeting especially at lower socioeconomic groups. Moreover, inclusion of a higher number
of subjects would be desirable.
However, other studies have shown that non-responders
do not, or only slightly, affect prevalence data for pain or
mental variables [52,58–60]. A recent study shows that

this is also the case in the event of attrition [61]. Furthermore, the response rate to the SCID interview was high.
Therefore, we assume that the moderately higher prevalence of Axis-I disorders that we observed is not a matter
of sampling bias.
It should also be mentioned that the differences in prevalence between our sample and other populations might
have been affected by unequal methods of diagnostic
assessment. We therefore based our comparisons on
groups of disorders rather than on a single diagnosis, to
overcome differences in assessment method. We decided
to use the SCID method because it is the most valid and
widely used assessment standard today. For optimal
comparison and to improve explanatory power, future
studies should implement a case control design with equal
assessment methods.
Conclusion
The high prevalence of mental comorbidity in subjects
with non-specific CBP emphasizes the need for an
increased awareness of the possibility of mental disorders
in patients with CBP. In particular, the observed consistency of anxiety, fear, and avoidance points to the importance of being aware of anxiety disorders, in addition to
the affective disorders that are the most frequently selfreported disorder, in patients with CBP. The recognition of
anxiety, fear, and avoidance may be well established in
research and in specialized pain centers. However, our
population-based setting captures also patients with low
pain intensity and probably low help-seeking behavior.
These patients suffer from mental comorbidity, too. Not
treating that condition might burden patients and possibly
maintain or exacerbate CBP. Therefore, we recommend
that a standardized screening for and assessment of
mental disorders should be implemented in conjunction
with the initial pain assessment at regular intervals. This
should also be done in primary care and not only in
research or specialized pain centers. This procedure
might help to eliminate a high number of untreated
patients who may be reluctant to seek help in overcoming
pain due to their anxiety disorder.
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ORIGINAL ARTICLE

Quantitative Sensory Testing Profiles in Chronic
Back Pain Are Distinct From Those in Fibromyalgia
Klaus Blumenstiel, MD,*w Andreas Gerhardt, MA,* Roman Rolke, MD,zy Christiane Bieber, MD,*
Jonas Tesarz, MD,* Hans-Christoph Friederich, MD,* Wolfgang Eich, MD, PhD,*
and Rolf-Detlef Treede, MD, PhDJ

Objectives: Alterations in the central nervous system leading to
higher pain sensitivity have been shown in both chronic back pain
(CBP) and fibromyalgia syndrome (FMS). The aim of this study
was to disclose commonalities and differences in the pathophysiology of FMS and CBP.
Methods: We used the quantitative sensory testing protocol of the
German Research Network on Neuropathic Pain to obtain
comprehensive profiles of somatosensory functions. The protocol
comprised thermal and mechanical detection and pain thresholds,
vibration thresholds, and pain sensitivity to sharp and blunt
mechanical stimuli. We studied 21 FMS patients (mean pain
duration: 13.4 y), 23 CBP subjects (mean pain duration: 15.9 y),
and 20 healthy controls (HCs). Each participant received the test
battery on the back and on the dorsal hand (pain-free control site).
Results: On the back, FMS patients showed increased thermal and
mechanical pain sensitivity compared with HCs and CBP
participants. On the hand dorsum, FMS patients showed higher
mechanical pain sensitivity compared with CBP participants and
HCs and higher cold pain sensitivity compared with HCs. CBP
participants showed increased pressure pain sensitivity and lower
vibration sensitivity on the back, but no significant differences on
the hand dorsum compared with HCs.
Discussion: FMS patients showed increased sensitivity for different
pain modalities at all measured body areas, suggesting central
disinhibition as a potential mechanism. CBP participants in
contrast, showed localized alterations within the affected segment
possibly due to peripheral sensitization.
Key Words: fibromyalgia syndrome (FMS), chronic back pain
(CBP), quantitative sensory testing (QST)
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ibromyalgia syndrome (FMS) and chronic back pain
(CBP) are common, an increasing cause of consultations
in primary care, and of enormous socioeconomic relevance.1,2 Therapeutic interventions are often unspecific and
of minor success,3,4 probably because of the fact that their
etiologies and pathogeneses are still widely unknown.
Despite much research, the pathogenesis of FMS is
still a matter of debate. One of the most promising
approaches addresses the role of the (central) nervous
system (CNS). A series of techniques have been applied
to detect abnormalities in the CNS, such as functional
neuroimaging, electrophysiological techniques, laserevoked potentials, investigation of spinal fluid, and, in
particular, quantitative sensory testing (QST).5 QST is a
method that is used to assess the somatosensory function. A
comprehensive QST protocol allows to determine pain and
detection thresholds and to distinguish local versus generalized and peripheral versus central nervous mechanisms. To
date, QST studies in FMS have shown decreased mechanical/pressure and thermal pain thresholds,6–9 temporal
summation of pain (“wind-up”) reflecting an increased
excitability of spinal cord neurons,10 and signs of central
hypersensitivity.11 Other studies suggest a reduced habituation to pain12 and central sensitization13,14 as mechanisms
involved.
QST aberrations including signs for abnormal central
nervous pathways have also been found in nonspecific CBP,
the most common type of all CBPs.15 Studies reported low
pain thresholds and pain tolerance values.16 A study by
Giesecke et al17 revealed hyperalgesia in FMS and CBP
patients in comparison with healthy controls (HCs) when
experimental pain was applied to a neutral site (thumbnail).
Moreover, patients with FMS and CBP showed similar
activation in pain-related cortical areas in functional
magnetic resonance imaging, which was different from that
in HCs. Baraniuk et al18 studied opioid neurotransmitters
in the cerebrospinal fluid and found that Met-enkephalinArg6-Phe7 was greater in both FMS and CBP patients than
in HCs. In addition, FMS patients often report that their
disease started with simple back pain19,20 and thus CBP
may be a pre-stage to FMS.21
It is the main hypothesis of a mechanism-based
diagnosis in chronic pain syndromes that defined symptoms
and signs reflect possible underlying neurobiological pain
mechanisms.22,23 Although in the case of a central
disinhibition all types of thermal and mechanical pain
thresholds may be generally decreased with an increased
response to suprathreshold stimuli, thermal and mechanical
detection and pain thresholds are increased in the presence
of deafferentiation due to axonal damage. Moreover,
localized pin-prick hyperalgesia and/or dynamic mechanical
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allodynia may point to a central sensitization of the
nociceptive system, whereas localized heat and pressure
hyperalgesia are cardinal signs of a peripheral sensitization.
Hence, we addressed the following questions in the present
study:
(1) Are there distinct sensory profiles in FMS and CBP?
(2) If so, do clinical signs conclusively reflect possible
underlying neurobiology?
(3) Do FMS and CBP share the same neurobiological
mechanisms as indirectly reflected by QST?

MATERIALS AND METHODS
Participants
In the present study, 21 patients with a diagnosis
of FMS, 23 participants with CBP, and 20 HCs were
included. Inclusion criteria were female sex and being free
of diseases affecting sensory processes (for sociodemographic data, see Table 1). Study participants were screened
(physical examination, blood tests, past medical history,
and, if indicated, further technical investigations such as
x-ray or magnetic resonance imaging) to rule out diseases
affecting sensory processes. Patients were also excluded if
they reported pain at the hand dorsum, as this area was
destined to be the control site.
FMS patients who fulfilled the diagnostic American
College of Rheumatology criteria24 were recruited from an
outpatient clinic of the Medical University Hospital of
Heidelberg. The CBP sample was drawn from participants
who had a sample in an epidemiological study on CBP
(Generalization of Pain: A Prospective Population-based
Survey with Clinical Examination as part of the German
Back Pain Research Network, supported by the Federal
Ministry of Education and Research). A representative
sample of 4000 inhabitants in the south-west of Germany
was approached by mail and they were asked whether they
had CBP. CBP was defined as the presence of back pain for
at least 45 days within the last 3 months. A total of 2408
individuals responded to the mail survey. Of them, 427
fulfilled the criteria of CBP and were invited to a clinical
investigation. Finally, 303 individuals participated in the
study. Participants were questioned about the existence
of comorbidity (explicitly neuropathy, diabetes, relevant
alcohol consumption, infections, inflammatory diseases,
disc hernia, past severe injuries) and they received a
physical examination (general, rheumatological, neurological). In case of signs for serious pathological findings (eg,
ischialgia or severe injuries such as whiplash), participants
were excluded, and a further investigation was advised. Of
the 303 participating individuals, 20 repored specific back
pain (5 had Bechterew disease, 3 rheumatoid arthritis
affecting the spine, 1 polymyalgia rheumatica, 3 tumor/
metastases, 1 fracture of the vertebral body, 1 spondylolysis, and 6 disc hernia). The remaining 283 participants
represented a nonhomogeneous group of nonspecific CBP
according to the distribution in the general population. Of
them, 23 female participants with nonspecific back pain
were included in the present QST investigation consecutively. Participants were advised not to take pain medication 24 hours before investigation. HCs were recruited per
advertisement. All participants were white.
The present study has been approved by the Ethics
Research Committee of the Faculty of Medicine, University
r
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of Heidelberg. Participants gave written informed consent.
They received an allowance of 10 Euros (about 12 dollars).
The study was carried out in compliance with the
Declaration of Helsinki.

Disability
Disability levels were measured using the FFbH
(Hannover Functional Ability Questionnaire for measuring
pain-related disability). It consists of 12 self-administered
items that especially focus on daily activities restricted by
musculoskeletal disorders (eg, “Can you wash your hair in
a washbasin”). The response format is in 3 stages (“yes,”
“yes with trouble,” “no or with the help of another
person”). The answers were transformed to a functional
ability score ranging from 0% to 100% (80% to 100%=no
functional disability, about 70%=moderate disability,
< 60=relevant disability). Data from different studies
indicate that the FFbH meets relevant psychometric criteria
and is sensitive to change.25

QST Protocol
The somatosensory function was assessed using the
comprehensive QST protocol that was developed as part of
the German Research Network on Neuropathic Pain
(DFNS).26 It covers all relevant aspects of the somatosensory system, including large and small fiber function, and
signs of central sensitization (dynamic tactile allodynia,
punctate mechanical hyperalgesia). In this manner, detailed
profiles of somatosensory function for the tested body areas
are obtained.
Test sites were over paraspinal muscles and on the
dorsum of the hand. Patients with FMS and CBP were
tested on the most painful area in the back and on the hand
dorsum of the same side of the body as a pain-free control
site. The most painful area was determined on the basis of
the patient’s report during the office visit about present
ongoing pain. Nine FMS patients were tested on the left,
whereas 12 were tested on the right side of the body.
Among CBP patients, 9 were tested on the left and 14 on
the right side of the body, which was not significantly
different from the FMS group (w2 >0.05). In CBP, all
paraspinal test sites were in lumbar segments. For FMS, 16
test sites were in cervical and 5 were in lumbar segments.
We had previously found that pressure pain thresholds
(PPTs) are quite uniform across different muscles.27 Painfree controls were tested on the hand dorsum and in
cervical segments (over the trapezius muscle) of both sides
of the body. All tests were first conducted over an area that
was not tested later during the QST session.

Thermal Detection and Thermal Pain Thresholds
The tests for thermal detection, thermal pain thresholds, and paradoxical heat sensations (PHS) were conducted using a TSA 2001-II (MEDOC, Israel) thermal
sensory testing device.28 All thresholds were obtained with
ramped stimuli (11C/s, 321C baseline, 01C and 501C cutoffs,
8 cm2 thermode), which were terminated when participants
pressed a button. The mean of 3 consecutive measurements
was calculated. Thermal sensory limen, a test with
alternating warming and cooling ramps, was used only as
a provocative test to induce PHS.

Mechanical Detection Threshold
Mechanical detection threshold (MDT) was measured
with a standardized set of modified von Frey filaments
www.clinicalpain.com |

683



Volume 27, Number 8, October 2011

Fibromyalgia

Chronic Back Pain

Pain-free Healthy Controls

21
50.6 (9.5)

23
43.4 (8.6)

20
38.3 (7.6)

9 (45)
9 (45)
2 (15)
0
0

3 (13)
14 (61)
6 (26)
0
0

12
5
1
2
2

13 (64)
6 (29)
2 (9)

9 (39)
14 (61)
0

1 (5)
19 (95)
0

8 (35)
6 (26)
8 (35)
0
0
1 (5)
3.0 (2.2)
15.9 (11.5)
4.7 (3.8)
70 (16)

10 (50)
8 (40)
2 (10)
0
0
0
0
0
0
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TABLE 1. Sociodemographic Variables
N
Age, mean (SD)
Marital status, N (%)
Unmarried
Married
Divorced/separated
Widowed
Not specified
Education, N (%)
< 10 y of education
Z10 y of education
Not specified
Occupational situation, N (%)
Full-time working
Part-time working
Not working/homemaker
Retired
Unemployed
Not specified
Pain intensity before QST, mean (SD)
Pain duration in years, mean (SD)
Painful tender points
FFbH (disability), % (SD)

5
5
1
6
2
2
5.8
13.4
15.2
60

(24)
(24)
(5)
(26)
(9)
(9)
(1.8)
(10.4)
(2.3)
(18)

(58)
(24)
(5)
(9)
(9)

Pain intensity before QST was assessed on a numeric rating scale 0 to 10. “0” indicating “no pain,” “10” indicating “worst pain imaginable.” Painful tender
points were identified by tenderness examination using ACR criteria. FFbH (Hannover Functional Ability Questionnaire): measures pain-related disability
(80% to 100%=no functional disability; about 70%=moderate disability; < 60%=relevant disability).

(Optihair2-Set, Marstock Nervetest, Germany) that exert
forces between 0.25 and 256 mN.29 The contact area was of
uniform size and shape (round, 0.5 mm diameter). The
threshold was the geometric mean of 5 series of ascending
and descending stimulus intensities.

Mechanical Pain Threshold

Vibration Detection Threshold
Vibration detection threshold (VDT) was determined
with a Rydel-Seiffer tuning fork (64 Hz, 8/8 scale), which
was placed 3 times over a bony prominence of the tested
body area. Participants indicated the disappearance of
vibratory sensations.

Mechanical pain threshold (MPT) was measured using
a set of weighted pinprick stimulators with a flat contact
area of 0.25 mm diameter that exert forces between 8 and
512 mN.30 Again using the method of limits, the threshold
was the geometric mean of 5 series of ascending and
descending stimulus intensities.

PPT

Mechanical Pain Sensitivity Including Dynamic
Mechanical Allodynia

Statistical Analysis

Mechanical pain sensitivity (MPS) was tested using the
same weighted pinprick stimuli as that for MPT. To obtain
stimulus response function, these 7 pin pricks were applied
in balanced order, 5 times each. The participant was asked
to rate each stimulus for pain on a 0 to 100 numerical rating
scale (0 indicating “no pain,” and 100 indicating “most
intense pain imaginable”). The geometric mean of the 35
pain ratings was the final value for MPS. Stimulus response
functions for dynamic mechanical allodynia (DMA) were
determined using a set of 3 light tactile stimulators.30,31
They were intermingled with the pin-prick stimuli in
balanced order and participants were asked to give a rating
on the same numeric rating scale.

Wind-up Ratio
The ratings of single pin-prick stimulation were
compared with those of a series of 10 repeated pin-prick
stimuli of the same force (256 mN) over the same area.
Wind-up ratio (WUR) was calculated by dividing the mean
ratings of series by the mean pain ratings of single stimuli.
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The PPT was measured using an Algometer (Somedic,
Sweden) with a probe diameter of 1.1 cm that exerts
pressure up to 2000 kPa. The PPT is determined by 3
ramped stimuli, each applied with a slope of 50 kPa/s.

Most QST parameters cold detection threshold
(CDT), warmth detection threshold (WDT), thermal
sensory limen, PPT, MPT, MPS, DMA, WUR, and
MDT) are log-normally distributed and were therefore
log-transformed.26 The QST values of each tested body
area of the control group were averaged across both sides of
the body. To compare QST measures at both sides (most
painful area in the back and hand dorsum) between the 3
groups, analyses of covariance (ANCOVA) were calculated
for each modality, followed by Fisher least significant
difference tests (Tables 2 and 3). QST values were entered as
dependent variables and pain group (FMS, CBP, and HC)
was entered as the independent variable. As the 3 groups
significantly differed in age (P < 0.001), age was included as
a covariate, because QST parameters are age dependent.32
To compare the 2 test sites within each patient group
(localized vs. generalized QST aberrations), all QST
measures were standardized by z-transformation referring
to the group of pain-free controls (QST profiles in Figs. 1,
2). This is carried out through z-transformation of all QST
measures of the FMS and CBP groups, referring to the
r
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TABLE 2. Analysis of Covariance, Mean Values, and Confidence Intervals for Quantitative Sensory Testing of the Most Painful Area in the
Back

ANCOVA
CDT
WDT
CPT
HPT
PPT
MPT
MPS
WUR
MDT
VDT

D1C
D1C
1C
1C
kPa
mN
NRS100
mN
/8

Fibromyalgia

Chronic Back Pain

Pain-free Controls

F

P

Mean

95% CI

Mean

95% CI

Mean

95% CI

0.650
1.36
5.70
3.88
7.15
7.26
9.73
2.03
1.05
3.41

0.526
0.264
< 0.01
< 0.05
< 0.01
< 0.01
< 0.001
0.141
0.355
< 0.05

1.55
2.72
22.96w,J
41.60*,y
199z =0.001
21.38z =0.001J
1.82z,z
2.36
6.10
7.10

1.13-2.10
2.18-3.38
18.46-27.47
39.82-43.39
161-244
14.52-31.48
0.99-3.37
1.67-3.32
3.45-10.79
6.72-7.47

1.72
3.22
13.97
44.73
239.3w
45.71
0.35
2.36
6.05
6.69*

1.31-2.25
2.66-3.90
10.05-17.90
43.17-46.29
200-287
32.89-63.68
0.21-0.60
1.74-3.21
3.75-9.77
6.36-7.02

1.37
2.61
12.89
44.65
352
61.94
0.31
3.61
3.67
7.31

1.02-1.85
2.12-3.21
8.59-17.20
42.94-46.36
286-432
42.36-90.57
0.17-0.57
2.56-5.11
2.09-6.43
6.93-7.69

Values of CDT, WDT, PPT, MPT, MPS, WUR, and MDT were calculated by back transformation from the log-means.
*P < 0.05 vs. controls.
wP < 0.01 vs. controls.
zP < 0.001 vs. controls.
Significant test results for fibromyalgia vs. chronic back pain are denoted.
yP < 0.05.
JP < 0.01.
zP < 0.001, respectively.
CDT indicates cold detection threshold; CI, confidence interval; CPT, cold pain threshold; HPT, heat pain threshold; MDT, mechanical detection
threshold; MPS, mechanical pain sensitivity; MPT, mechanical pain threshold; PPT, pressure pain threshold; VDT, vibration detection threshold; WDT,
warmth detection threshold; WUR, wind-up ratio.

mean and standard deviation of the pain-free control
group. Whenever log-transformed scores were calculated,
the log scores were used for z-standardization. The
representation of QST profiles as z-transformed data allows
the direct comparison between sensory tests that are
measured in different units (eg, 1C and mN) and the
comparison of test sites that have different ranges of normal
values. To compare standardized QST measures of the
most painful area in the back with standardized QST

measures of the hand dorsum, paired t tests were calculated
for both disease groups. Moreover, to compare QST
parameters of the hand and back in FMS and CBP patients
with that of HCs (Figs. 1 and 2), t tests were applied.
Sensory findings on the hand were also compared with the
published DFNS reference data,32 both by group comparison and by counting the number of patients who were
outside the 95% confidence interval (CI); DFNS reference
data for the back are not yet available.

RESULTS
In FMS patients, the mean duration of pain was
13.4±10.4 years (mean±SD). The average duration of

FIGURE 1. QST profiles in fibromyalgia syndrome. Circles: hand,
triangles: back. Filled symbols: significant versus healthy controls
(open symbols: n.s.; t test). *P < 0.05, **P < 0.01, ***P < 0.001,
paired t test hand versus back. Parallel profiles between hand and
back indicate generalized sensory changes. CDT, cold detection
threshold; CPT, cold pain threshold; HPT, heat pain threshold;
MDT, mechanical detection threshold; MPS, mechanical pain
sensitivity; MPT, mechanical pain threshold; PPT, pressure pain
threshold; TSL, thermal sensory limen; VDT, vibration detection
threshold; WDT, warm detection threshold; WUR, wind-up ratio;
Values are mean±SEM.
r
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FIGURE 2. QST profiles in chronic back pain. Circles: hand,
triangles: back. Filled symbols: significant versus healthy controls
(open symbols: n.s.; t tests). *P < 0.05, ***P < 0.001, paired t test
hand versus back. Significant differences indicate that sensory
changes are localized to the back. For abbreviations, see legend
to Figure 1. Values are mean±SEM.
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CBP was 15.9±11.5 years (mean±SD). FMS patients
rated pain intensity (directly before QST investigation)
higher on a numeric rating scale (0 to 10) compared with
CBP participants (mean±SD 5.8±1.8 vs. 3.0±2.2,
P < .001). Moreover, measuring disability showed that
FMS patients were more severely burdened in daily
activities than were CBP patients (relevant vs. moderated,
respectively, n.s.). FMS patients showed 15.2±2.3 painful
tender points, whereas the CBP group revealed 4.7±3.8
painful tender points (mean±SD).

Comparison of QST Values on the Most Painful
Area in the Back
As shown in Table 2, ANCOVA revealed significant
group differences for all pain thresholds [cold pain threshold (CPT), heat pain threshold (HPT), PPT, and MPT], as
well as for suprathreshold pin-prick pain (MPS) and
vibration detection (VDT). Compared with pain-free
HCs, FMS patients showed higher sensitivity toward cold
and heat pain (CPT P < 0.01, HPT, P < 0.05) and toward
mechanical pain induced by pin-prick stimulation (MPT
P=0.001, MPS P < 0.001) and by blunt pressure (PPT
P=0.001). In addition, CPT (P < 0.01), HPT (P < 0.05),
and MPT (P < 0.01) were lower and MPS (P < 0.001)
ratings were higher than those in CBP participants.
Compared with pain-free HCs, CBP participants showed
higher sensitivity with regard to PPT levels (P < 0.01) and
lower sensitivity toward VDT (P < 0.05).
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pressure pain (PPT P=0.001). CBP participants did not
differ from controls with regard to QST values on the hand
dorsum.

Comparison of QST Values With DFNS Reference
Data
A group comparison between FMS patients and painfree HCs with regard to DFNS reference data32 revealed a
significantly lower sensitivity to nonpainful warming
(P=0.02) and 5 of 21 FMS individuals ranged outside
the 95% CI of the published reference data. Increased
sensitivity to cold pain (CPT P < 0.001), pin-prick pain
(MPT P < 0.001, MPS P < 0.001), and pressure pain (PPT
P < 0.001) was also significantly different from the DFNS
reference data. Several individual values were outside the
95% CI of the published reference data: 4/21 for CPT, 7/21
for MPT, 8/21 for MPS, and 9/21 for PPT.

DMA and PHS
Allodynia on the back occurred in 6 FMS patients, in
none of the back pain participants, and in none of the HCs
(P < 0.01, Fisher exact test). On the hand dorsum,
allodynia occurred in 2 FMS patients, in none of the CBP
participants, and in 1 HC (not significant). Because of this
lack of variance, the allodynia score could not be included
in the ANCOVA. Similarly, only 3 FMS patients reported
PHS, 1 on hand dorsum, 1 on the back, and 1 on both sites.
None of the CBP participants and HCs reported PHS.

Comparison of QST Values on Hand Dorsum

Localized Versus Generalized Sensory Changes

As shown in Table 3, ANCOVA revealed significant
group differences for all mechanical pain parameters (MPT,
MPS, and PPT) and for cold pain sensitivity (CPT).
Compared with pain-free HCs, FMS patients showed an
elevated pain sensitivity for pin-prick stimulation (MPT
P < 0.01, MPS P < 0.01), pressure pain (PPT P < 0.05),
and cold pain (CPT P < 0.01). Compared with CBP
participants, FMS patients were more sensitive toward
pin-prick pain (MPS P < 0.001, MPT P < 0.01) and

To distinguish between localized and generalized QST
aberrations, we compared the sensitivity of the hand
dorsum with that of the most painful area in the back. As
there are regional differences between these 2 test sites in
normal participants, the QST values of FMS and CBP
participants were standardized in relation to the QST
values of the pain-free control group using z-transformation. As allodynia and PHS did not occur in the control
group, the respective values could not be standardized.

TABLE 3. Analysis of Covariance, Mean Values, and Confidence Intervals for Quantitative Sensory Testing of the Dorsum of the Hand

ANCOVA
CDT
WDT
CPT
HPT
PPT
MPT
MPS
WUR
MDT
VDT

D1C
D1C
1C
1C
kPa
mN
NRS100
mN
/8

Fibromyalgia

Chronic Back Pain

Pain-free Controls

F

P

Mean

95% CI

Mean

95% CI

Mean

95% CI

0.187
1.44
4.73
0.990
6.53
6.18
10.57
0.764
0.699
0.691

0.830
0.245
< 0.05
0.378
< 0.01
< 0.01
< 0.001
0.470
0.502
0.505

1.05
2.51
21.03w
43.43
238*,J=0.001
26.73w,y
2.13z,J
3.08
2.22
7.90

0.84-1.32
1.86-3.38
17.21-24.85
41.55-45.32
204-278
17.86-39.90
1.24-3.67
2.27-4.17
1.37-3.60
7.78-8.02

1.09
1.85
16.80
45.02
345
64.27
0.45
3.57
2.78
7.97

0.90-1.33
1.42-2.4
13.46-20.14
43.37-46.68
301-394
45.50-90.57
0.28-0.71
2.74-4.67
1.85-4.18
7.87-8.07

1.16
1.79
12.22
45.19
318
65.01
0.46
2.81
1.96
7.89

0.93-1.45
1.33-2.4
8.45-15.98
43.33-47.06
273-370
43.75-96.61
0.27-0.78
2.07-3.82
1.22-3.16
7.77-8.00

Values of CDT, WDT, PPT, MPT, MPS, WUR, and MDT were calculated by back transformation from the log-means.
*P < 0.05 vs. controls.
wP < 0.01 vs. controls.
zP < 0.001 vs. controls.
Significant test results for fibromyalgia vs. chronic back pain are denoted.
yP < 0.01.
JP < 0.001, respectively.
CDT indicates cold detection threshold; CI, confidence interval; CPT, cold pain threshold; HPT, heat pain threshold; MDT, mechanical detection
threshold; MPS, mechanical pain sensitivity; MPT, mechanical pain threshold; PPT, pressure pain threshold; VDT, vibration detection threshold; WDT,
warmth detection threshold; WUR, wind-up ratio.
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All other QST parameters were standardized for all
individuals and mean z-scores for both disease groups were
calculated separately (Figs. 1, 2).
FMS patients showed similar QST profiles for both
areas, indicating that their hyperalgesia was generalized and
not local (Fig. 1). WDT was only significantly elevated in
the hand, whereas PPT was decreased significantly more in
the back than in the hand. In addition, there was a
significant difference in WURs, although both areas did not
differ significantly from those of control participants
(Tables 2 and 3). WUR varied around 3.0, but this
variation was in the opposite direction in control participants. In CBP participants, the lowered vibratory sensitivity and the enhanced pressure pain sensitivity of the back
were significant compared with the hand, indicating a
localized sensory alteration (Fig. 2). As for FMS, WUR
varied opposite to that of control subjects.

Punctate Mechanical Hyperalgesia
Fibromyalgia patients exhibited an increased pain
sensitivity to pin-prick stimulation (MPT) and enhanced
ratings to pinprick stimuli on a numeric rating scale (MPS),
both on the back and on the hand dorsum. We calculated a
repeated-measure ANCOVA comparing the 3 groups with
regard to MPS, including the single stimulus intensity as a
covariate. We detected overall differences between FMS

Quantitative Sensory Testing Profiles

patients and both HC and CBP participants (back:
F=18.63 P < 0.001; hand dorsum: F=23.93 P < 0.001).
These data are analyzed in more detail by plotting
stimulus-response functions for the 7 stimulus intensities
used (Fig. 3). These functions were shifted upward by a
factor of 5. All participants were able to discriminate the
stimulus intensities. There was also a stimulus effect,
indicating higher pain ratings for more intense pin-prick
stimuli. There was no interaction effect between the groups
and the stimulus intensity, indicating that the profiles of the
3 groups are almost parallel (Fig. 3).

DISCUSSION
The present study used a comprehensive QST protocol
to assess the somatosensory profiles of FMS patients, CBP
participants, and HCs. FMS patients showed hyperalgesia
generalized in space and including both superficial and deep
pain modalities, whereas CBP participants revealed a
profile of a localized pain condition with a decreased
threshold only for deep pain and only at the affected area.
Thus, we can conclude that there are distinct sensory
profiles in FMS and CBP participants.

Somatosensory Profiles in FMS
FMS patients showed increased mechanical and
thermal pain sensitivity (with the exception of HPT over
hand dorsum) compared with CBP and HC participants,

FIGURE 3. Stimulus-response functions of pin-prick pain and dynamic mechanical allodynia in the hand and back of patients with
fibromyalgia (closed triangles), chronic back pain (closed circles), and control participants (open circles). Patients with fibromyalgia
exhibit static hyperalgesia to pinprick, both over the pain-free hand and the most painful area of the back. Pain evoked by the same set
of graded punctate probes (numbers indicate force in mN) was about 5-fold stronger in fibromyalgia patients than in chronic back pain
or control participants. Stroking with gentle tactile stimuli (BR, brush; CW, cotton whisp; QT, cotton wool tip) elicited a slight amount of
pain (dynamic mechanical allodynia) in fibromyalgia patients only. Patients with chronic back pain and healthy control participants
showed similar SR functions.
r
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whereas detection sensitivity was not increased. Our
sensory profile suggests that hyperalgesia in FMS may
involve all nociceptive submodalities. Pin-prick sensitivity
and DMA have not been addressed before. Moreover, pain
sensitivity is increased over back and hand dorsum (parallel
profiles for back and hand in Fig. 1). Thus, increased sensitivity in FMS is generalized in space (superficial and deep
pain, back and hand) and across nociceptive submodalities,
but not to other somatosensory functions. The best possible
explanation for such a generalized hyperalgesia is a
deficient pain inhibitory system.33 Mechanisms of descending control of pain also include descending facilitation.34,35
The term “central sensitization” often used in the context of
FMS6,14 does not describe the clinical picture sufficiently. It
implies an increased excitability of central neurons, but its
effects are restricted in space to the receptive fields and
often limited to mechanical test stimuli.36,37 Disinhibition,
in contrast, strikes the entire body and may explain a
generalized pain syndrome such as FMS adequately. Thus,
disinhibition should be addressed in future studies.38,39
Possibly, multiple neuronal mechanisms such as disinhibition, central sensitization, and lack of habituation12 work
together.
The presence of DMA, usually interpreted as an
indicator for a central sensitization of the nociceptive
system, in a relevant number of FMS patients suggests that
a deficit in pain inhibitory systems may facilitate the
occurrence of central sensitization. Yet, this sensory sign
was significantly present only over the back. Sensory
findings on the hand in FMS were characterized by
a pronounced pin-prick hyperalgesia in the absence of
DMA. This type of finding has also been observed in
patients with restless legs syndrome. In restless legs
syndrome, pinprick hyperalgesia is slowly reversed by
dopaminergic treatment.40 Notably, a recent positron
emission tomography study demonstrated a dopaminergic
hyporesponsivity in FMS patients,41 pointing to a
possible pathophysiological commonality between these 2
disorders.
The decreased sensitivity to nonpainful warmth
(WDT) in FMS, which has not been described so far, is
difficult to interpret. In fact, Hurtig et al7 found no
differences in CDT and WDT compared with HCs.
Considering this, the mismatch in age distribution between
FMS patients and HCs has to be taken into account. On
the one hand it is a likely explanation, as the comparison
with age-matched and sex-matched control participants in
the DFNS reference database32 yielded the same result. On
the other hand, however, the difference in WDT was no
longer significant in an ANCOVA with age as a covariate.
A thermal hypoesthesia is usually interpreted as a sign of
disturbed small fiber function, but recently a correlation
between ongoing pain intensity and suppressed sensitivity
to nonpainful thermal stimuli has been reported in chronic
non-neuropathic pain.42 Ongoing pain in FMS patients
may thus contribute to the decreased sensitivity in
nonpainful warmth (WDT) in FMS. Anyway, our data
clearly show that the sensitivity toward nonpainful warmth
is not increased, supporting the view that the elevated
sensitivity in FMS is specific to painful stimuli and not
generalized for all somatosensory stimuli.
The wind-up of pain and wind-up after sensations are
often described in FMS patients10,43 and are thought to
denote altered CNS processing. This feature, however, is
missing in our results, and the WUR for the back was even
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lower than that for the hand. Magerl et al44 revealed that, in
a capsaicin model, the difference between the first and last
stimuli of trains of pin-pricks was increased, but the ratio
was unchanged. Our findings are consistent with these
results. FMS patients already rate the first (single) stimulus
significantly higher than do controls or CBP participants,
and thus the relative increase in pain rating after the series
of 10 stimuli is not as high. Hence, wind-up was present in
our FMS patients, but its magnitude was unchanged as the
denominator and numerator of the WUR change by a
similar amount.

Somatosensory Profiles in CBP
In this population-based sample of CBP participants,
we found features of a localized pain condition with no
evidence of spatial generalization, although pain duration
was as long as in FMS patients. Significant differences in
pain thresholds compared with HCs were only seen for
pressure pain, which primarily reflects muscle nociception
and peripheral sensitization.45,46 Moreover, the alterations
were limited to the painful area at the back, meaning that
there were no signs for a pain generalization. CBP
participants differed from FMS patients in all modalities
in the same way as HCs, except for PPT at the back, where
CBP and FMS both showed decreased PPT. These results
suggest localized alterations in muscles and joints. There
was no evidence of central sensitization or disinhibition in
this sample of CBP participants, indicating that chronic
pain per se is not a sufficient condition for these
abnormalities. This finding appears intriguing as other
studies, for example,17 suggested central sensitization in
both FMS and CBP. As our CBP sample was drawn from
the general population, widespread pain sensitivity observed in pain clinic samples may not be representative for
all patients with CBP. Therefore, parameters other than
chronic ongoing nociceptive pain are likely to be the
predisposing factors for widespread pain and FMS. Such
factors may be pain intensity, the subtype of CBP, and
psychosocial factors. In our CBP sample, the average pain
intensity before QST was nearly 50% lower than in the
FMS group. The broad range of pain intensity is probably
due to the heterogeneity of the CBP sample comprising 1
episode of CBP, intermittent, and continuous CBP according to the distribution in the general population. This is
consistent with epidemiological data47 showing that only a
subgroup of a population with localized pain developed
FMS later on.
An interesting result was a lower sensitivity toward
vibration at the back of CBP participants. In fact, VDT
was, on average, 6.7/8 in CBP participants, 7.1/8 in FMS
patients, and 7.4/8 in HCs. This result is in line with
secondary tactile hypoesthesia in other painful conditions.48,49 It describes the phenomenon that, in a painful
body area, nonpainful stimuli are suppressed. A recent QST
study showed decreased VDT in patients with pseudoradicular back pain as well.50

Technical Considerations
There are several limitations of the study that should
be mentioned. One limitation is the small group size, with
about 20 participants in each group. Further, the groups
significantly differed in age. In future research, it would be
desirable to match patient groups according to age.
However, our results are controlled for age by ANCOVA.
Besides, QST may be described as a “semi-objective”
r
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procedure, as it still includes the subjective rating of the
participants.51 This raises the question whether QST would
rather measure health behavior than pain thresholds. On
the other hand, we used 2 methods to assess pain thresholds
(method of limits, and direct scaling using randomized
stimuli). Patients with FMS perform consistently at
different body sites in both paradigms and specifically in
the randomized paradigm (Fig. 3). Similarly, brain imaging
techniques with FMS patients show fitting activated areas/
patterns in the brain when compared with QST.17,52
A critical problem consists of the testing sites at the
back. CBP participants suffered from pain especially at the
lower back, whereas FMS patients indicated the most
painful area predominantly at the upper back. The test site
in HCs (trapezius muscle) matches the FMS group better
than the CBP group. Nevertheless, the FMS group had
more sensory aberrations, suggesting that inhomogeneity in
test sites had no major effect on our data. This pitfall
becomes even less important, given that both FMS and
CBP participants revealed abnormal QST profiles at the
painful areas; however, only FMS patients showed
abnormal QST profiles at the pain-free control site as well,
indicating the phenomenon of generalization.

CONCLUSIONS
There is ongoing debate about the classification of
FMS [See discussion in Baillieres Best Practice and
Research: Clinical Rheumatology Vol. 13 (1999)]. Some
authors emphasize the entity of FMS as a distinct and
circumscribed disease53; others argue that FMS is 1 end of a
continuous spectrum of pain diseases.54,55 The other end of
the spectrum may constitute localized pain syndromes such
as CBP. Within this spectrum, a switch between pain
syndromes is possible20,47 and common pathogenetic pathways may be assumed. Our data suggest that FMS
pathogenesis may be explained at least partly by disinhibition, which can explain the spatial generalization of pain
and the involvement of multiple pain modalities. In
contrast, CBP offered features of a local pain condition
with peripheral sensitization. Given that pain duration did
not differ in CBP participants and FMS patients, our
population-based data suggest that CBP may persist as a
localized pain condition for many years without turning
into widespread pain or FMS. Thus, if CBP is a pre-stage to
FMS and findings show involvement of central nervous
pathways in some patients, as observed in pain clinics,
factors other than ongoing peripheral nociceptive pain itself
are likely to account for this generalization in place of the
ongoing pain.

Quantitative Sensory Testing Profiles
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a b s t r a c t
There is evidence for long-term alterations in pain tolerance among athletes compared with normally
active controls. However, scientific data on pain thresholds in this population are inconsistent, and the
underlying mechanisms for the differences remain unclear. Therefore, we assessed differences and similarities in pain perception and conditioned pain modulation (CPM) at rest in endurance athletes and normally active controls.
The standardised quantitative sensory testing protocol (QST) of the ‘German-Research-Network-onNeuropathic-Pain’ was used to obtain comprehensive profiles on somatosensory functions. The protocol
consisted of thermal and mechanical detection as well as pain thresholds, vibration thresholds, and pain
sensitivity to sharp and blunt mechanical stimuli. CPM (the diffuse-noxious-inhibitory-control-like
effect) was measured using 2 tonic heat pain test stimuli (at the temperature exceeding a subjective pain
rating of 50/100) separated by a 2-min cold-pressor task (CPM-TASK; conditioning stimulus). Pain ratings
were measured with a numerical rating scale. Endurance capacity was validated by assessment of maximum oxygen uptake (VO2max). Participants included 25 pain-free male endurance athletes
(VO2max > 60 mL/min ⁄ kg) and 26 pain-free normally active controls (VO2max < 45 mL/min ⁄ kg)
matched based on age and body mass index.
Athletes were significantly less sensitive to mechanical pain but showed higher sensitivity to vibration
(P < 0.05). In athletes, CPM was significantly less activated by the conditioning stimuli (P < 0.05) when
compared with normally active controls.
Our data show that somatosensory processing in athletes differs in comparison with controls, and suggest that the endogenous pain inhibitory system may be less responsive. This finding may explain the
paradoxical propensity of athletes to develop chronic widespread pain.
Ó 2013 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction
Pain is a common phenomenon in athletes [3,22,26,51,60,67].
This is paradoxical, as physical activity is part of most multimodal
pain treatment programmes. Thus, on the one hand, physical activity might be the origin of a variety of pain syndromes in athletes
who engage in rigorous physical activity [3,22,26,51,60,67],
whereas on the other hand, physical activity also represents an
important therapeutic concept in pain syndromes [20,21,43,55].
Therefore, increased knowledge concerning the role of physical
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activity on pain perception and processing may impact the medical
care of pain patients in general, and athletes in particular.
There has been consistent evidence that after an episode of intense exercise, pain perception is reduced for a limited period of
time, i.e., ‘acute exercise-induced analgesia’ [29,31]. It has been
theorised that physical activity activates some generalised endogenous pain-modulatory mechanisms, e.g., conditioned pain modulation (CPM; formerly termed ‘diffuse noxious inhibitory control’)
[5,29], baroreflex-mediated analgesia [7,30], stress-induced hypoalgesia [29], or attentional factors [29,31]. Although different
mechanisms have been proposed [29,30], CPM is of special interest,
as alterations in this system have been reported for a variety of
chronic pain conditions [19,27,28,36,40,41,44,63,71]. Moreover, a
deficit in this system is associated with chronic widespread pain
(CWP) [44], which is frequently reported in athletes (prevalence
31% [23]).

0304-3959/$36.00 Ó 2013 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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To date, research has focused on pain perception during physical activity rather than the potential long-term consequences of
regular exposure to physical activity on pain processing at rest.
In particular, the endogenous pain inhibitory system is a little-researched issue in athletes and, to date, no data have been published about CPM.
Researchers have postulated that long lasting physical activity
may alter pain perception at rest and have often concluded that
athletes possess higher pain thresholds and a higher pain tolerance
in general [50,53]. A recent meta-analysis confirmed significantly
higher pain tolerance in athletes at rest and specific alterations
in pain thresholds [57]. But, although some studies have reported
elevated pain tolerance or pain thresholds [16,18,56], there are also
data demonstrating normal [49] or even lower [45] pain thresholds
in athletes. This ambiguity may be because different pain induction
methods with non-standardised and non-validated testing paradigms have been used [10,11,16,18,45,49,50,66]. The situation is
aggravated because the definition of an athlete in most pain studies has been characterised arbitrarily, and to date, there are almost
no pain studies in which physical fitness has been assessed objectively [57].
To overcome some of these shortcomings, this study assessed
for the first time pain perception and endogenous pain modulation
in athletes using a comprehensive standardised quantitative sensory testing protocol (QST [47]) and an objective evaluation of
‘physical fitness.’ The aim of this study was (1) to examine whether
there are differences in pain perception at rest between athletes
and normally active controls, and if so, (2) to determine if endogenous pain-modulating mechanisms are involved. It was predicted
that athletes are characterised by specific sensory profiles and that
the endogenous pain modulation of athletes is significantly different compared with normally active controls.
2. Methods
2.1. Study population
In the present study, 25 endurance athletes and 26 normally active controls were included. Athletes were recruited from regional
sport clubs. Healthy normally active controls were recruited via
flyers posted in the local community. Inclusion criteria were as follows: male sex, age 18-35, and without pain. The study sample was
restricted with respect to sex and age, as QST and CPM are sex[9,46] and age-dependent [8,48]. Athletes trained for at least 3 h/
wk for more than 3 years and were characterised by a maximal
oxygen consumption (VO2max) >60 mL/min ⁄ kg. Controls were
age- and BMI-matched, did not engage in regular physical activity,
and had a VO2max < 45 mL/min ⁄ kg.
Study participants were screened using a questionnaire, physical examination, and electrocardiogram to rule out acute or chronic
pain; in addition, data concerning regular medication use, diseases
affecting sensory processing (e.g., diabetes, polyneuropathy) or
contraindications to treadmill testing were used to screen patients.
Subjects were excluded if they reported any history of injury of the
hand dorsum or arm, as this was the area tested in our paradigm.
Participants were advised not to take any medication 24 h prior to
the investigation and to refrain from intensive or prolonged training on the day prior to each test.
2.2. Instruments
2.2.1. Assessment of athletic performance
Maximal oxygen consumption (VO2max, mL/min ⁄ kg) was
measured in a ramp protocol on a motor-driven treadmill (Quasar
med, H/P/Cosmos, Traunstein, Germany). After warming-up for

2 min at 4 km/h at an incline of 1.5%, the test began at a speed of
7.2 km/h, and the speed was increased by 0.6 km/h over 30 s until
volitional exhaustion. Oxygen consumption was measured using a
metabolic card (Ergostik, Geratherm Respiratory GmbH, Bad Kissingen, Germany). VO2 max related to body weight was considered
to be the highest VO2 over a period of 30 s during the test. Prior to
each test, both sensors were calibrated according to the manufacturer‘s instructions. During the treadmill test, a continuous 12-lead
ECG was recorded.
Specifications of physical activity were also captured using a
questionnaire that included a detailed self-report of the type, frequency, intensity, and duration of physical activities.
2.2.2. Assessment of pain perception
Somatosensory function was assessed using the comprehensive
QST protocol, which was developed as part of the German Research
Network on Neuropathic Pain (DFNS) [47]. It covers all relevant aspects of the somatosensory system, including large and small fibre
functions, and signs of central sensitisation (dynamic tactile allodynia, punctate mechanical hyperalgesia, and paradoxical heat
sensations). In this manner, detailed profiles of somatosensory
function for the tested body areas were obtained. The dorsum of
the dominant hand was tested.
To familiarise participants with the test procedure, all tests
were first conducted over an area that was not tested later during
the QST session.
The tests for thermal detection thresholds (warm detection
threshold, WDT, and cold detection threshold, CDT), thermal pain
thresholds (heat pain threshold, HPT, and cold pain threshold,
CPT), and paradoxical heat sensations (PHS) were conducted using
a TSA 2001-II (MEDOC, Israel) thermal sensory testing device [72].
All thresholds were obtained using ramped stimuli (1°C/s, 32°C
baseline, 0°C and 50°C cut-offs, 8 cm2 thermode), which were terminated when participants pressed a button. The mean of 3 consecutive measurements was calculated. Thermal sensory limen
(TSL), a test with alternating warming and cooling ramps, was used
as a provocative test to induce PHS.
The mechanical detection threshold (MDT) was measured with
a standardised set of modified von Frey filaments (Optihair2-Set,
Marstock Nervetest, Germany), which exert forces between 0.25
and 256 mN [13]. The contact area was of uniform size and shape
(round, 0.5 mm diameter). The threshold was the geometric mean
of 5 series of ascending and descending stimulus intensities.
The mechanical pain threshold (MPT) was measured using a set
of weighted pinprick stimulators with a flat contact area of
0.25 mm diameter, which exert forces between 8 and 512 mN
[4]. Again, using the method of limits, the threshold was the geometric mean of 5 series of ascending and descending stimulus
intensities.
Mechanical pain sensitivity (MPS) was tested using the same
weighted pinprick stimuli as that for MPT. To obtain stimulus response function, these 7 pinpricks were applied in balanced order
5 times each. The participant was asked to rate each stimulus for
pain on a 0 to 100 numerical rating scale (0 indicating ‘no pain,’
and 100 indicating ‘most intense pain imaginable’). The geometric
mean of the 35 pain ratings was the final value for MPS. Stimulus
response functions for dynamic mechanical allodynia (DMA) were
determined using a set of 3 light tactile stimulators [4,34]. They
were intermingled with the pinprick stimuli in a balanced order,
and participants were asked to give a rating on the same numeric
rating scale.
The vibration detection threshold (VDT) was determined with a
Rydel-Seiffer tuning fork (64 Hz, 8/8 scale), which was placed over
the bony prominence of the processus styloideus radii of the dominant hand 3 times. Subjects indicated the time at which they no
longer experienced vibratory sensations.
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2.2.3. Assessment of conditioned pain modulation
To test CPM (the term CPM rather than diffuse noxious inhibitory control/DNIC is chosen based on the recent recommendations of Yarnitsky et al. [70]), we used the protocol of
Tousignant-Laflamme et al. [59] and consulted the guidelines
for the cold-pressor task (CPM-TASK) as an experimental pain
stimulus [65]. The CPM-TASK activates the diffuse noxious inhibitory control-like effect (CPM), as it is a strong nociceptive stimuli
that takes place over a lengthy span of time [69] and is applied
over a large body surface area [39]. Thus, the CPM-TASK allows
us to modify the endogenous pain-modulating system. To quantify CPM, we evaluated the pain intensity of two tonic heat pain
(THP) test stimuli separated by a CPM-TASK. Even if the THP
may lead to both habituation and sensitisation according to the
dual process theory, the THP is a reliable stimulus to induce
CPM [59].
CPM-TASK: The cold-pressor task was used as a conditioning
stimulus to elicit a strong and prolonged pain sensation to trigger
CPM. The CPM-TASK consisted of immersing the non-dominant
hand and wrist and approximately 5 cm of the forearm in circulating cold water (22 L + circulating with 15 L/min) for 2 min (informed ceiling task). To maintain the water temperature at
12 ± 0.2°C, we used an immersion cooler and a thermostat to control for temperature variations in both directions (Immersion cooler FT 200 and clip thermostat model ED, Julabo, Seelbach,
Germany). The temperature of the water was set at 12°C to ensure
that the CPM-TASK was sufficiently painful to elicit CPM while tolerable enough to be endured for 2 min. To control depth of immersion, the hand was placed on a grid (rubber isolated metal grid)
that permitted the circulation of water on all sides of the immersed
hand. Participants were instructed to lay their hand loosely on the
grid and were asked to not move the hand or explore their grid. An
armrest of silicone made testing more comfortable and prevented
participants from changing the depth of immersion. During the
test, subjects verbally rated their pain intensity every 5 s using
the numerical rating scale (NRS0/100). The rating scale ranged from
0, i.e., ‘no pain,’ to 100, i.e., ‘most intense pain imaginable.’ The
experimental setup was approved by our local medical engineering
department.
THP: To determine the temperature for the 2-min THP, an initial pre-test was completed. To familiarise participants with the
testing procedure, participants were asked to continuously rate
their pain intensity using the NRS0/100, while the temperature of
the thermode was gradually increased from 32°C to 50°C (0.3°C/
s). The procedure was conducted twice. After participants were
acclimated to the procedure and after a short break, we determined the temperature at which participants rated the THP with
a score of 50/100 (0 ‘no pain’ to 100 ‘most intense pain imaginable’). This procedure was performed until the temperature in 2
consecutive runs did not differ by more than ±1°C. The mean
temperature eliciting pain ratings of 50/100 on the NRS0/100
(Temp50) was used for the THP. After a short break, the first
THP (Pain baseline, THP0) was applied to the palm of the dominant forearm (Peltier Thermode, TSA II, Medoc, Advanced medical
systems, Israel). Participants were instructed that the temperature could increase, decrease, or remain constant. Then, the temperature of the thermode was increased from 32°C at a rate of
0.3°C/s to the individually determined temperature. Thereafter,
the pain stimulus remained constant for 2 min. Pain intensity
was measured every 5 s using the NRS0/100. Following the first
THP (THP0), the CPM-TASK was used to trigger CPM. One minute
after the CPM-TASK, we applied the second THP (THP1). We quantified the amount of CPM by subtracting the mean pain rating of
the first THP before the CPM-TASK (THP0) from the second THP
after the CPM-TASK (THP1).

3

2.2.4. Assessment of pain experience
To evaluate different aspects of the pain experience, the Pain
Experience Scale (‘Schmerzempfindungsskala,’ SES), a well-validated instrument used in pain research, was administered. The
SES consists of 24 items and distinguishes between the affective
and sensory dimensions of pain [14]. The response format was 4staged, from 1 ‘not applicable,’ to 4 ‘absolutely applicable.’ To calculate values for the affective (items 1–14, e.g., ‘‘exhausting,’’
‘cruel’) and sensory (items 15–24, e.g., ‘hot,’ ‘stabbing’) subscales,
items for each subscale were summed. We asked participants to
rate the SES after assessment of CPM. Participants were instructed
to rate ‘pain sensations during testing.’ The SES is sensitive to
change and has proven validity and reliability for the affective
and sensory subscales (a = 0.81 and 0.92 respectively) [14].
2.3. Study design
All tests were performed at the same time in the afternoon. Before starting the tests, the subjects rested for half an hour in their
respective environments. The test procedure began with the QST
protocol and was followed by an assessment of conditioned pain
modulation. Directly after the assessment of CPM, pain experience
was evaluated with the SES. Maximal oxygen consumption was
determined 30 min after the pain assessment procedure. The present study was approved by the Ethics Research Committee of the
Faculty of Medicine, University of Heidelberg and was carried out
in accordance with the Declaration of Helsinki. All participants
gave written informed consent and received an allowance of 30
Euros (approximately 40 dollars) for their participation.
2.4. Statistical analysis
All analyses were conducted using SPSS for Windows (Version
19.0). Descriptive statistics are presented as the means and standard deviations for continuous variables, and absolute numbers
and percentages for categorical variables. All analyses were explorative and not of confirmatory nature.
CPM was determined by subtracting the mean pain intensity of
the THP prior to the CPM-TASK from the mean pain intensity of the
THP after the CPM-TASK. Therefore, negative values indicate inhibitory conditioned pain modulation. Between group differences
with respect to the CPM were tested using t tests, and paired t tests
were used to determine within group differences. Variables that
exhibited a non-normal distribution were analysed using nonparametric Mann–Whitney U tests. Most QST parameters (CDT,
WDT, TSL, MPT, MPS, DMA, WUR, PPT, and MDT) are log-normally
distributed and were therefore log-transformed [47]. Group differences between athletes and normally active controls were tested
using t tests. We also standardised all QST measures of athletes
using a z-transformation referring to the mean and standard deviation of the control group. This procedure allowed for direct comparison between sensory tests that are measured in different units
(e.g., °C and mN) as well as judgement of a gain or loss of function
in profiles between athletes and normally active controls. Hyperfunction is indicated by z-values above ‘0,’ i.e., patients are more
sensitive to the tested parameter compared with controls (lower
thresholds, gain of function), whereas z-scores below ‘0’ indicate
hypofunction and therefore a loss of or lower sensitivity of the patient compared with controls (higher thresholds). Whenever logtransformed scores were calculated, the log-scores were used for
z-standardisation and t tests.
Because of the explorative nature of the study, we abstained
from adjustment for multiple testing and interpreted P-values cautiously as descriptive measures of effect. Statistical significance
was accepted if P < 0.05.
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Table 2
Somatosensory profiles obtained by quantitative sensory testing of athletes and
normally active healthy controls.

3. Results
3.1. Subjects

Athletes

A total of 25 male endurance athletes (14 triathletes, 10 runners, and 1 cyclist) and 26 age- and BMI-matched normally active
subjects were included in the analysis. Descriptive statistics for
demographic and clinical variables are summarised in Table 1. Athletes were characterised by a mean training time of 9.6 ± 3.5 h/wk
and a mean frequency of 5.4 ± 1.6 training d/wk. All athletes had
participated regularly in competitions during the previous 3 years.
Maximal oxygen uptake (VO2max) was significantly higher (62%)
in athletes compared with normally active controls
(65.9 ± 4.6 mL/min ⁄ kg and 40.6 ± 6.2 mL/min ⁄ kg, respectively,
P < 0.001). Values indicate a highly trained population of athletes,
whereas normally active controls were characterised by an appropriate level of inactivity. There were no significant differences in
age, BMI, or skin temperature between athletes and normally active controls. In control subjects, 21 of the 286 QST parameters
were outside the published reference range for age- and gendermatched subjects [37], which is close to the expected value of
5%. That about 5% are outside the published reference data range
indicates that our controls are representative for the published reference data of healthy controls, and thus underpins the representativeness and quality of our data [37].

CDT
WDT
TSL
CPT
HPT
PPT
MPT
MPS
WUR
MDT
VDT

D°
D°
°C
°C
°C
kPa
mN
NRS0/100
mN
/8

Controls

Mean

SD

Mean

SD

ÿ0.03
0.19
0.35
11.35
44.06
2.58
1.92
ÿ0.18
0.34
0.15
7.81

0.26
0.25
0.23
10.66
3.87
0.14
0.53
0.38
0.23
0.5
0.29

ÿ0.02
0.17
0.32
15.79
43.44
2.55
1.58
-0.02
0.41
0.11
7.58

0.17
0.22
0.24
10.43
4.08
0.12
0.49
0.44
0.3
0.38
0.46

ES

P-value

ÿ0.05
ÿ0.09
ÿ0.13
ÿ0.42
ÿ0.16
ÿ0.23
ÿ0.67
ÿ0.4
ÿ0.26
ÿ0.09
0.61

0.931
0.771
0.725
0.148
0.581
0.332
0.027
0.187
0.356
0.72
0.047

CDT, cold detection threshold; WDT, warm detection threshold; TSL, thermal sensory limen; CPT, cold pain threshold; HPT, heat pain threshold; PPT, pressure pain
threshold; MPT, mechanical pain threshold; MPS, mechanical pain sensitivity;
WUR, wind-up ratio; MDT, mechanical detection threshold; VDT, vibration detection threshold; NRS0/100, numeric rating scale; mN, millinewton; kPa, kilopascal.
Data are given as log-transformed values (mean ± SD) except PHS, HPT, CPT, and
VDT, which are listed as absolute values according to [43].
Two-tailed Student t test was used to determine level of significance.
Effect sizes (ES) were calculated as Hedge’s g.

3.2. Comparison of QST values
As shown in Table 2 and Fig. 1, t tests revealed significant group
differences for the mechanical pain threshold (MPT) and for the
vibration detection threshold (VDT). Compared with normally active controls, athletes showed an elevated pain threshold with respect to pinprick stimulation (MPT: P < 0.05), but increased
sensitivity to vibration stimuli (VDT: P < 0.05). Athletes did not differ significantly from controls for cold and heat stimuli (CDT, WDT,
CPT, HPT, and TSL), non-painful mechanical stimuli (MDT),
mechanical pain sensitivity (MPS), and mechanical pain induced
by blunt pressure (PPT).
To validate the results for MPT, post hoc analysis for mechanical
pain sensitivity stratified for stimulus-force revealed that athletes
were less sensitive to low stimulus intensities but did not differ
for higher stimulus intensities. Therefore, as differences were restricted only to the lower forces and not to higher stimulus intensities, group differences in MPS did not reach the level of
significance. Analysis for outliers showed that 1 subject in the control group had an MPT outside the 95% confidence interval (CI).
This highlights the validity of a loss of function among the athlete
group, indicating that the results were not based on pathological
outliers. With respect to VDT, 1 control subject and 1 athlete reported a loss of function that was outside the 95% CI. This also
highlights the validity of the gain of function in athletes, as it is
not explainable by outliers within the respective groups. Correla-

Fig. 1. Quantitative sensory testing (QST) profiles in athletes. Somatosensory
profiles at hand dorsum in athletes. Values are mean ± SEM. To obtain z-values,
athletes’ values were standardised according to mean and standard deviation of
normally active controls. ⁄P < 0.05, t test vs normally active controls. CDT, cold
detection threshold; WDT, warm detection threshold; TSL, thermal sensory limen;
CPT, cold pain threshold; HPT, heat pain threshold; PPT, pressure pain threshold;
MPT, mechanical pain threshold; MPS, mechanical pain sensitivity; WUR, wind-up
ratio; MDT, mechanical detection threshold; VDT, vibration detection threshold.

tion analyses of VO2max with sensory parameters revealed a significant correlation only for VDT (r = 0.419, P = 0.008).
No signs of central sensitisation (dynamic tactile allodynia,
punctate mechanical hyperalgesia or paradoxical heat sensations)
were found for athletes or the control group. In addition, there
was no difference in the temporal summation of pain (WUR) between the 2 groups.

Table 1
Demographic and clinical variables of athletes and controls.

Age
BMI
VO2max
VCO2max
VE
Training hours
Number of training
Training since when

(years)
(kg/m2)
(mL/min ⁄ kg)
(mL/min ⁄ kg)
(L/min)
(h/wk)
(d/wk)
(mo)

Athletes (n = 25)

Controls (n = 26)

P-value

27.8 ± 4.1
22.1 ± 1.5
65.9 ± 4.6
5.4 ± 0.5
158 ± 17
9.6 ± 3.5
5.4 ± 1.6
119.6 ± 82.9

28.0 ± 4.5
22.7 ± 2.2
40.6 ± 6.2
3.8 ± 0.6
115 ± 24
<0.5
–
–

0.920
0.229
<0.001
<0.001
<0.001
<0.001
–
–

BMI, body mass index; VO2max, maximal oxygen uptake; VCO2 max, maximal carbon dioxide production; VE, maximal air ventilation.
Data are indicated as the mean ± standard deviation.
A two-tailed Student t test was used to determine level of significance.
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Table 3
Conditioned pain modulation in athletes and normally active controls.

Pain baseline T0 (THP0)
Conditioned pain modulation (CPM)
Pain CPM-TASK

(NRS0/100)
(T1ÿT0)
(NRS0/100)

Athletes (n = 25)

Controls (n = 26)

P-value

34.2 ± 21.9
ÿ3.1 ± 8.7
58.6 ± 24.0

38.8 ± 15.7
ÿ9.6 ± 12.2
68.9 ± 15.6

0.411
0.020a
0.088

Data are indicated as the mean ± standard deviation.
THP: the tonic heat pain stimulus was applied as test stimulus at individual determined temperature (temperature at which participants rated the THP
with 50 of 100 on the NRS0/100) for 2 min by a thermode on the palm of the dominant forearm.
Conditioned pain modulation (CPM): CPM was quantified by subtracting the mean pain rating of the first THP (THP0) before the CPM-TASK from the second
THP (THP1) after the CPM-TASK. Therefore, negative values indicate inhibitory CPM.
CPM-TASK: pain ratings during the cold-pressor task; the CPM-TASK as conditioning stimulus consisted in the immersion of the non-dominant hand for
2 min in circulating 12°C cold water.
Variables that were normally distributed were analysed using independent samples t test, whereas variables that exhibited non-normal distribution were
analysed using non-parametric Mann–Whitney U tests (a). Difference in CPM remained significant (P < 0.05) even after controlling for cold-pressor test
pain intensity.

However, although the majority of differences did not reach the
conventional level of significance, there were trends for significance for all of these variables towards a loss of function (hypoesthesia, hypoalgesia) in athletes.
3.3. Comparison of conditioned pain modulation (CPM)
Table 3 shows that there was a significant difference in CPM between athletes and normally active controls (P < 0.05). There was a
strong activation of CPM by the CPM-TASK in controls (P < 0.001),
whereas CPM was only slightly induced by CPM-TASK in athletes
(P = 0.091, Fig. 2). The effect size of the CPM on the differences in
mean THP ratings before and after the CPM-TASK was small in athletes (Cohen’s d = 0.14), whereas the inhibitory effects of this paradigm in controls were characterised by a moderate effect size
(Cohen’s d = 0.55).
There were no significant differences in the temperature of the
Temp50 stimulus (P = 0.212), the mean THP pain ratings prior to the
CPM-TASK (P = 0.411) or in the mean pain rating for the CPM-TASK
(conditioning stimulus, P = 0.088). However, because of the marginal difference in CPM-TASK ratings between athletes and normally active controls, we repeated the analysis for CPM and
entered the CPM-TASK pain intensity as a covariate in the analysis
of covariance. Differences in CPM, with less activity activated in
athletes, remained significant (P < 0.05) even after controlling for
CPM-TASK pain intensity. The intensity of the CPM-TASK was not
significantly associated with CPM. Correlation analysis of CPM with

CPM-TASK pain intensity (r = 0.032, P = 0.833) or with VO2max
(r = 0.161, P = 0.348) showed no association. Athletes and controls
did not differ in THP0. None of the participants attained complete
pain relief after conditioning stimulus. Exploratory analysis
showed that in the control group there was a gain in 3 subjects
and a loss in 20 subjects, whereas in athletes there was a gain in
7 subjects and a loss in 16 subjects. Outlier analysis revealed that
in each group, 1 subject experienced a gain and 1 loss of function
outside the 95% CI. This confirms the validity of the results.
3.4. Pain experience
Concerning differences in pain experience, assessed by the SES,
there were no differences in affective (athletes: 20.1 ± 5.8, controls: 20.7 ± 6.3, P = 0.762, possible range 10–40) or sensory (athletes: 18.2 ± 4.3, controls: 18.5 ± 4.9, P = 0.792, possible range 14–
56) pain experience for modified pain at T1 (THP1) between athletes and normally active controls after the induction of CPM.
4. Discussion
This study has shown decreased sensitivity for MPT, increased
sensitivity to vibration and a reduction in CPM in endurance athletes with validated athletic status.
No significant differences were found for heat, cold or pressure
pain thresholds, or for temperature and mechanical detection
thresholds. These findings are consistent with previous work,
which also found no differences for heat [52,54] or pressure pain
thresholds between athletes and normally active controls [38,49].
4.1. Sensory profiles in endurance athletes

Fig. 2. Conditioned pain modulation (CPM). Reduction in pain intensity (conditioned pain modulation) between thermal pain measures (test stimulus) obtained
before and after the cold-pressor task (CPM-TASK, conditioning stimulus). Controls
(n = 26) had a 25% reduction (Cohen’s d = 0.55) in thermal pain following the CPMTASK, whereas there was only a small change (9%, Cohen’s d = 0.14) for athletes
(n = 25). ⁄P < 0.05.

The isolated loss of function for pinprick stimuli described in
this study is an interesting finding, as MPT by pinprick has not
been tested in athletes to date. An increase in MPT can result from
both dysfunctions of the peripheral nociceptors and inhibition
within the central nervous system [62,73]. The peripheral sensors
for pinprick stimuli are a highly specific class of high threshold
Ad-mechanoreceptors with high relevance for protective guarding
and withdrawal behaviour [61,73]. Alterations in peripheral nociceptors seem to be consistent with previous research, which has
found abnormal nerve-conduction-tests in runners, suggesting
asymptomatic neuropathy similar to that noted in subclinical
entrapment neuropathy [6]. However, these data were restricted
to the lower extremities of runners, whereas our data focused on
the upper extremity. Moreover, researchers have not studied the
peripheral nervous system in athletes systematically, and future
studies on peripheral nociceptor function in athletes are
recommended.
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It is notable that most QST parameters showed a general trend
towards a reduced sensitivity, indicating a ‘loss of function’,
although the level of statistical significance was reached only for
MPT.
It has been suggested that perception aberrations in athletes
may be based on their lack of motivation (‘stoicism’) to report pain
[24,25]. In this regard, ‘stoic athletes’ should feel as much pain as
others but express their experience less. Therefore, if athletes offer
fewer reports of pain, they would also experience a (pseudo)reduction in their sensory response to noxious stimuli. In our
study, pain reports relied on subjective pain ratings and may therefore have given the appearance of increased pain thresholds.
Although there was a trend towards a ‘loss of function,’ the QST
profiles observed in our study did not generally support the idea
of stoicism to pain in athletes for several reasons. First, detection
thresholds were shifted toward a loss of function in our study;
however, detection thresholds do not exceed pain and therefore
should not be affected by stoicism [24,25]. In addition, there was
no difference in the affective dimension of pain experience between athletes and normally active controls as one might expect
in the case of stoicism. Moreover, there was a significant decrease
in VDT, suggesting that athletes were more sensitive to the detection of vibration than normally active controls.
The increased sensitivity to vibration is an interesting finding,
as the vibration detection threshold was the only measure that
was altered toward a gain of function (more sensitive perception).
Vibration results in a small variation in muscle length, thereby
activating low-threshold muscle spindle proprioceptors [12,64].
Decreased vibration-detection thresholds indicate an increased
excitability of those non-pain-encoding proprioceptors or of the
respective central projection pathways. There is evidence that
vibration perception is associated with postural control [32,33].
Postural control is an important feature of the athlete’s competence, and therefore specifically trained in athletes. In this regard,
enhanced vibration sensitivity may be the result of a well-trained
locomotive system. As a defective locomotive system is a key factor
in the pathophysiology of restless leg syndrome, it is interesting to
note that an increased sensitivity to vibration has also been demonstrated for patients suffering from restless leg syndrome [2].
However, this assertion is speculative, and further research is
needed to better understand the underlying mechanisms.
4.2. Reduced CPM in athletes
Athletes were characterised by a significantly lower activation
of the CPM induced by the CPM-TASK than normally active controls. Although, there is consistent evidence that intense physical
activity results in the direct activation of endogenous pain inhibition for a limited period of time [29–31], the long-term consequences of the chronic activation of this system by regular high
performance exercise have not been investigated thus far.
One possible explanation may be that tonically increased activation levels of the endogenous pain inhibitory system in athletes
result in a ceiling effect: because of the continuous and heightened
activation level of endogenous pain inhibition, additional activation as induced by the CPM-TASK may be truncated, and athletes
failed to respond adequately when directly challenged using the
CPM-paradigm. The ‘elevated activation level hypothesis’ of inhibitory pain control in athletes is consistent with our observation
that all QST parameters, with the exception of VDT, showed a general trend towards reduced sensitivity. The constant activation of
the descending pain inhibitory system in athletes might be the
compensatory response to repeated noxious input induced by regular exhaustive training in these subjects. Without such continuous counter-regulatory pain inhibitory activity, athletes might
not be able to endure daily physical activity.

Alternatively, there may be a shift in the activation threshold of
the endogenous pain inhibitory system in athletes. The ‘threshold
hypothesis’ postulates that the pain inhibitory system in athletes
require higher stimuli to get activated or, using fixed stimulus
intensity, the same stimulus will result in a lower activation of
the pain inhibitory system in these subjects.
One may argue that it is easy to test this hypothesis directly by
using more painful stimuli as conditioning stimuli. However, increased noxiousness of the conditioning stimuli results in an increased drop-out rate of subjects who are sensitive to pain, thus
leading to a strong selection bias for the overall results. Nevertheless, the hypothesis is supported indirectly by the finding that the
correlation between cold-pressor associated pain intensity and induced CPM was higher in the athlete group than for the entire sample (r = 0.222 vs r = 0.032). Accordingly, this might indicate that in
some athletes the threshold to activate the CPM was not reached.
As chronic widespread pain, which is not rare in athletes [23], is
often explained by exhaustion of CPM [44], the hypothesis of an
elevated activation level may contain an interesting approach for
future research on pain in athletes.
Notably, at present there are no accepted standards for the performance of CPM. There are different studies using either tonic
[17,28,44,58,68] or phasic stimuli [1,15,35]. As the paradigm used
in this study was based on a tonic heat stimulus as test stimulus,
our findings cannot be extrapolated offhandedly to other kinds of
stimuli. Further research is needed using other paradigms (e.g.,
phasic test stimuli) to induce such modulation, which might show
different aspects of these systems, and, possibly, different clinical
correlates.
4.3. Limitations
Limitations include lack of statistical power as a result of small
sample sizes as well as risk of false positive results. Based on our
explorative-descriptive approach, P-values should be interpreted
more as a descriptive measure of effect than as a confirmatory
judgement.
In addition, with the use of sensory measures at or near threshold to characterise pain sensitivity, the findings might not be transferable to pain tolerance. Moreover, the generalisability of our
results to athletes in general is limited, as our study was restricted
to male endurance athletes, accordingly, our results may not be
representative for female athletes nor for other kind of sports
(e.g., game or strength sports). Furthermore, although our athletes
were characterised by both outstanding physical fitness and regular participation in official competitions, it should also be borne in
mind, that ‘athleticism’ was not assessed explicitly in our study.
At last, determining the direction of causality of our findings is
not possible given our study design. Whether athletes acquire altered pain perception because they engage in physical activity or
whether they are able to engage in physical activity as a result of
altered pain perception requires further longitudinal research.
4.4. Conclusions
The proposed alterations in endogenous pain modulation noted
in our study may have consequences for future research. For example, various pain alleviating medications reduce pain through activation of pain-inhibitory circuits [42] and may therefore act
differentially in athletes. Moreover, a chronic overstressing of the
endogenous pain inhibitory pathways by heightened activation
levels may eventually result in exhaustion over time. Such exhaustion may result in disinhibition of pain processing and in transition
from acute to chronic pain conditions as well as spatial pain
spreading, which are both common problems in athletes
[33,22,26,51,60,67]. In contrast, a shift in the activation threshold
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may protect the endogenous pain inhibitory pathways from
chronic overstressing over the course of time and may thus contribute to an increase in the efficiency of pain inhibition on a
continuing basis.
Together, the results of this research support the idea that athletes generally differ from non-athletes with respect to pain perception as well as pain processing and suggest a compensatory
response of the endogenous antinociceptive system to the repeated
noxious input induced by the regular exhaustive training in endurance athletes.
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Abstract
Background: Pain conditions of the musculoskeletal system are very common and have tremendous
socioeconomic impact. Despite its high prevalence, musculoskeletal pain remains poorly understood and
predominantly non-specifically and insufficiently treated.
The group of chronic musculoskeletal pain patients is supposed to be heterogeneous, due to a multitude of
mechanisms involved in chronic pain. Psychological variables, psychophysiological processes, and neuroendocrine
alterations are expected to be involved. Thus far, studies on musculoskeletal pain have predominantly focused on
the general aspects of pain processing, thus neglecting the heterogeneity of patients with musculoskeletal pain.
Consequently, there is a need for studies that comprise a multitude of mechanisms that are potentially involved in
the chronicity and spread of pain. This need might foster research and facilitate a better pathophysiological
understanding of the condition, thereby promoting the development of specific mechanism-based treatments for
chronic pain. Therefore, the objectives of this study are as follows: 1) identify and describe subgroups of patients
with musculoskeletal pain with regard to clinical manifestations (including mental co-morbidity) and 2) investigate
whether distinct sensory profiles or 3) distinct plasma levels of pain-related parameters due to different underlying
mechanisms can be distinguished in various subgroups of pain patients.
Methods/Design: We will examine a population-based chronic pain sample (n = 100), a clinical tertiary care sample
(n = 100) and pain-free patients with depression or post-traumatic stress disorder and pain-free healthy controls
(each n = 30, respectively). The samples will be pain localisation matched by sex and age to the population-based
sample. Patients will undergo physical examination and thorough assessments of mental co-morbidity (including
psychological trauma), perceptual and central sensitisation (quantitative sensory testing), descending inhibition
(conditioned pain modulation, the diffuse noxious inhibitory control-like effect), as well as measurement of the
plasma levels of nerve growth factor and endocannabinoids.
Discussion: The identification of the underlying pathophysiologic mechanisms in different subgroups of chronic
musculoskeletal pain patients will contribute to a mechanism-based subgroup classification. This will foster the
development of mechanism-based treatments and holds promise to treat patients more sufficient.
Keywords: Chronic non-specific musculoskeletal pain, Endocannabinoids, Mental comorbidity, Pain drawing, Pain
extent, Quantitative sensory testing, Mechanism-based, Subgroup classification, Nerve growth factor, Trauma
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Background
Chronic pain conditions of the musculoskeletal system
are common and of high socioeconomic relevance [1-4].
This is especially true for pain conditions with widely
unknown pathogeneses, such as non-specific chronic
back pain (CBP), chronic widespread pain (CWP), and
fibromyalgia syndrome (FMS). In addition, the prevalence of these conditions and the demand for consultation and treatment have increased over recent years
[5,6], which results in high direct and indirect costs
[1,3,7,8].
However, therapeutic approaches in chronic musculoskeletal pain patients are often of minor success [9-16].
This is likely because the aetiology and pathogenesis of
chronic musculoskeletal pain are still widely unknown. As
a result, treatment for this condition involves predominantly unspecific interventions, although the group of
chronic musculoskeletal pain patients is believed to be
heterogeneous [17,18]. Differences in response to the
same treatment in patients with the same disease could
be explained by different underlying mechanisms contributing to the generation and maintenance of pain
[19,20]. The situation is complicated by the finding that
the same disease can derive from various pathophysiological mechanisms. Conversely, the same pathophysiological mechanism may be of interest in distinct diseases
[20].
The heterogeneity is supported by strong hints that
subgroups exist that differ in terms of aetiopathology,
clinical symptomatology, and psychophysiological patterns. A recent study revealed distinct somatosensory
profiles in CBP and FMS: FMS patients showed
increased sensitivity for different pain modalities in all
measured body areas, which suggests central disinhibition (or a deficient pain inhibitory system) as a potential
mechanism. CBP subjects, in contrast, exhibited localised alterations within the affected segment. Such
alterations may be due to peripheral sensitisation [21].
This finding is in accordance with the main hypothesis
of a mechanism-based diagnosis in chronic pain syndromes, which proposes that defined symptoms and
signs reflect possible underlying neurobiological pain
mechanisms [19,22]. Consequently, these subgroups
should be treated with specific mechanism-based
approaches, but to date, they have been treated with the
same non-specific multimodal treatment programs.
Therefore, the assessment of chronic pain and research
identifying various factors associated with the development, maintenance, and spread of chronic pain, including their neurobiological correlates, is highly relevant.
Chronic pain has been found to be associated with a
higher prevalence of mental co-morbidity. Patients with
CBP [23,24], CWP [25], and FMS [26] suffer from mental disorders significantly more often than pain-free
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controls. This finding is especially true for anxiety disorders and mood disorders, which were found to have
prevalence rates of 20.9% and 12.7%, respectively, in a
population-based sample of patients with chronic back
pain [23]. Of further interest is the role of psychological
trauma, which has been neglected in previous research.
Traumatic events have higher prevalence rates in patients
with pain compared to pain-free controls or patients with
other diseases [27-29]. Concerning traumatic experiences,
it was suggested that multiple traumas have a cumulative
effect on physical health, including back pain and that
the impact of the trauma on health may be independent
of post-traumatic stress disorder (PTSD) symptomatology [30,31].
The assessment of chronic pain and mental comorbidity on a psychobiological basis may detect common
underlying pathophysiological changes. With regard to
pain processing there are studies that suggest a role for
central disinhibition mechanisms in depression and, to a
lower extent, in patients with FMS compared to healthy
controls [32]. Alterations in pain processing among
patients with depression or FMS were reported previously, but this study found that hyperalgesia was more
pronounced in patients with FMS than in those with depression [33]. In patients with FMS with comorbid depression or anxiety, pain processing was not altered in
comparison to patients with FMS alone [34]. Thus there
seems to be an association of chronic pain or depression
with altered pain processing, although chronic pain and
comorbid depression did not interact with pain
processing.
In regard to anxiety disorders and the neglected role
of trauma, a study by Defrin et al. described a unique
sensory profile of hyposensitivity to non-noxious stimuli,
accompanied by hypoalgesia to at-pain-threshold noxious stimuli and hyper-reactivity to suprathreshold noxious stimuli in patients with PTSD and chronic pain
compared with healthy controls [35].
This pattern clearly differs from other patient groups
with chronic pain, such as those with fibromyalgia, who
tend to exhibit pain hypersensitivity [21,36], and from
alterations in PTSD, in which context a decreased sensitivity to painful stimuli has been reported [37,38]. The
results reported by Defrin et al. appear to be a hybrid of
what has been found in pain-free PTSD patients and
PTSD-free pain patients: decreased sensitivity to nonpainful stimuli and increased hyperreactivity to painful
stimuli. Sensory processing in anxiety disorders other
than PTSD is believed not to differ from processing in
healthy controls [35]. Another aspect of the psychobiology of pain is pain inhibition. It was found that pain inhibition is deficient in FMS patients but normal in those
with depressive disorder [33]. Another study reports evidence that pain inhibition in FMS is more pronounced in
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patients with comorbid depressive symptoms compared
to those with FMS alone [39]. However, due to heterogenic sample selection and different testing methods, the
results in regard to pain processing and pain inhibition
in chronic pain and mental disorders are inconsistent
and partially contradictory [40]. Therefore, a comprehensive measurement of the clinical manifestation and
psychobiological aspects of chronic pain is necessary.
To challenge the topic of a mechanism-based subgroup classification of chronic pain patients and to establish specific mechanism-based treatments [41],
further variables of interest must be considered to guarantee a more holistic approach, compared to that pursued in prior research. Therefore, we developed a
theoretical framework (Figure 1), which investigates the
role of chemical sensitisation (nerve growth factor;
NGF) [42-46], the endocannabinoid system [47,48], and
other psychological variables (e.g. early stress exposure,
stress and pain coping, resilience) [49-51] as well as genetic variables [52-54] in addition to mental comorbidity
and psychophysiological patterns. NGF is an important
key mediator of some forms of persistent pain and plays
an important role in the switch from acute to chronic pain
as well as the spatial spread of pain [42-46]. The endocannabinoid system refers to a group of neuromodulatory
lipids that is relevant for pain memory and pain extinction [47,48]. Accordingly, these variables have proven to
be of interest in chronic pain and to be promising in
its treatment. In line with that, the current study
addresses the association between the clinical manifestation of chronic musculoskeletal pain (including mental
comorbidity) and neurobiological changes.
Therefore, the purpose of the present study is to 1)
identify and describe subgroups of patients with musculoskeletal pain with regard to clinical manifestation (including mental comorbidity), 2) investigate whether
distinct sensory profiles due to different underlying
mechanisms can be distinguished in different subgroups

Figure 1 Theoretical framework of our project.
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of pain patients 3) and to measure plasma nerve growth
factor levels and to analyse distinct endocannabinoid
profiles in different subgroups of pain patients.

Methods
This study is part of the consortium ‘Localized and Generalized Musculoskeletal Pain: Psychobiological Mechanisms and Implications for Treatment (LOGIN)’ funded
by the German Federal Ministry of Research and Education (01EC1010A-F). More details concerning LOGIN
can be found elsewhere [55,56]. This report focuses on
subproject number six (SP6) ‘Subgroups Characterised
by Psychological Trauma, Mental Co-morbidity, and
Psychobiological Patterns and Their Specialised Treatment’. All participants must provide written informed
consent before inclusion in the study. The study has
been approved by the Ethics Research Committee of the
Faculty of Medicine, University of Heidelberg (S-261/
2010) and will be carried out in compliance with the
Helsinki Declaration.
Design

The study uses a descriptive and exploratory design. We
will include 200 patients with chronic musculoskeletal
pain from different settings (a population-based setting
and a tertiary care setting) and 90 controls (pain-free
patients with PTSD, depression, and healthy controls
without mental disorders). All participants will undergo
a physical examination. The relevant sociodemographics
and measures of clinical manifestations of chronic pain
are reported in Table 1: measurements of potential
pathophysiological mechanisms are reported in Table 2.
Samples and patient recruitment

We will recruit patients with non-specific chronic musculoskeletal pain as well as control subjects that are
not in pain: 1) Population-based sample: In a previous
population-based study (“Generalization of Pain: A
prospective population-based survey with clinical
examination” as part of the German Back Pain Research Network, supported by the Federal Ministry of
Education and Research; [21,23,57,58]), we established
a representative sample of patients with chronic local
and chronic widespread back-pain. For the present
study, 100 patients from this representative study sample will be randomly recruited. 2) Tertiary care setting:
We will recruit 100 consecutive musculoskeletal pain
patients from the tertiary care Musculoskeletal Pain
Centre at the University Hospital Heidelberg. 3) Control subjects: To determine whether the results are
specific for pain, we will further investigate three
groups of pain-free patients: a) PTSD patients (n = 30),
b) patients with depression (n = 30), and c) healthy controls (n = 30). Patients with PTSD and depression will
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Table 1 Variables and methods used to assess clinical manifestations of chronic non-specific musculoskeletal pain
Questionnaires

Variables

Chronic Pain Grade Questionnaire (CPG)* [65,66]

Severity of chronic pain problems (disability, pain intensity)

Pain Experience Scale (SES) [64]

Sensory and affective descriptors of pain

12-Item Short-Form Health Survey (SF-12)* [74,75]

Health-related quality of life

Resilience Scale (RS11)* [97,98]

Resilience (personal competence, acceptance of self and life)

Hospital Anxiety and Depression Scale (HADS-D)* [99,100]

Anxiety and depression

Childhood Trauma Questionnaire (CTQ)* [72,73,101]

Childhood and adolescence maltreatment (physical and emotional abuse,
sexual abuse, physical and emotional neglect)

Pain drawing (pain location) [62] [63] [6]

Perceived location(s) of pain will be assessed using digitised pain drawings.
Classification into categories of chronic local and chronic widespread pain.

Sociodemographics (self-report questions)

Age, sex, marital status, education, employment status

Interviews
Structured Clinical Interview for DSM-IV Axis I
Disorders + Axis II (SCID I + II)* [69]

DSM-IV Axis-I and Axis-II mental disorders

Physical examination
ACR Criteria for Fibromyalgia (ACR Classification)
[62] [102]

Tenderpoint count and documentation of specific symptoms

Physical Impairment Scale (PIS) [67]

Physical impairment (total flexion, total extension, average lateral flexion,
straight leg raising, spinal tenderness, bilateral active straight leg raising, and sit-up)

Back Performance Scale (BPS) [68]

Disability. Tests of daily activities (Sock Test, Pick-up Test, Roll-up Test,
Fingertip-to-Floor Test, and Lift Test)

* German Version.

be recruited in our Psychosomatic Outpatient Centre
at the University Hospital of Heidelberg. Healthy controls will be recruited by flyers posted around the local
community. All groups will be matched with respect
to age, sex, and (if appropriate) pain location to our
population-based sample. Thus, we will include at least
200 patients with non-specific chronic pain and 90
pain-free subjects.
Inclusion and exclusion criteria

The inclusion criteria for pain samples are non-specific
chronic musculoskeletal pain lasting for ≥ 45 days during
the past three months, at least 18 years of age, and fluent German language skills. All control participants

(participants with PTSD, depression, and healthy controls) should be pain-free. Because the point prevalence
of back pain in the German population was more than
one third and the 1-year prevalence was higher than 75%
[57], the recruitment of patients that were absolutely
pain free within the last three months, will not be feasible
and will not reflect reality. Therefore, we aim to recruit
only absolutely pain-free participants. If this is not possible, we will define pain-free as follows: 1) less than one
day (< 24 hours) spent in pain per week within the last
three months. 2) Pain intensity < 3 on an 11-point numeric rating scale on the days when the patient is in pain.
3) Pain does not interfere with normal activities or work.
These criteria are adapted from standardised definitions

Table 2 Methods used to assess the potential mechanisms involved in chronic non-specific musculoskeletal pain
Measures

Variables

Quantitative Sensory Testing (QST) [76,103]

Comprehensive profiles of somatosensory functions (thermal and mechanical detection
and pain thresholds, vibration thresholds, and pain sensitivity to sharp and blunt
mechanical stimuli). Discrimination between local vs. generalised and peripheral
vs. central nervous mechanisms.

Conditioned Pain Modulation (CPM, the diffuse
noxious inhibitory control-like effect) [77,78]

A descending pain inhibitory mechanism that inhibits nociceptive activity arising from
the afferent primary fibres at multiple levels of the dorsal horn, resulting in diffuse pain
inhibition. These descending pain pathways originate from the brainstem and have
significant inhibitory actions on nociceptive activity, thereby affecting pain perception.

Blood Tests
Nerve Growth Factor (NGF)

Plasma NGF levels (proximity ligand ELISA techniques)

Endocannabinoids + related lipids (ECs)

EC (anandamide (AEA), 2-arachidonoyl glycerol (2-AG), 1-arachidonoly glycerol (1-AG),
palmitoyl ethanol amine (PEA), oleoyl ethanol amine (OEA), arachidonic acid) in human
plasma (large- scale lipidomic profiling using the LC-MS/MS QTrap ABI5500)

Genetics

2* 9 ml EDTA tubes, stored for the second funding period
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of back pain [59] and its recurrence [60]. Participants
must also be pain free on the day of participation in the
study. Patients who have a previous history of chronic
pain will be excluded. Participants with PTSD and depression must fulfill DSM-IV diagnoses of the respective
mental disorder. Patients with PTSD must be free of
affective disorders, and patients with depression must be
free of anxiety disorders. Healthy controls are not
allowed to meet any DSM-IV diagnosis. The exclusion
criteria are specific pathologies of CBP (e.g., spinal canal
stenosis, disc hernia, spondylolisthesis, infection, malignancy, rheumatic and systematic inflammatory disorders,
and fracture), sciatica pain ≥ than back pain, diseases
affecting sensory processing (diabetes, alcohol or substance abuse, neuropathy, inflammatory diseases), pain
or surgery at the dorsum of the hand or back surgery in
the past three years (because the hand und back are to be
subjected to investigation), and cognitive impairment.
Procedure
Chronicity of pain

The number of painful days in the last three months
will be determined by a questionnaire and discussed
with a physician to rule out misunderstandings. To be
classified as suffering from chronic pain, the subject
must report experiencing back pain on ≥ 45 days in the
last three months.
Clinical examination

To verify the inclusion and exclusion criteria, all participants will be questioned about their past medical history
and about co-morbidities (neuropathy, diabetes, relevant
alcohol consumption, infections, inflammatory diseases,
disc hernia, previous severe injuries). Patients will also
receive a physical examination (general, rheumatological,
orthopaedic, and neurological), including blood tests
(and if indicated further technical investigations such as
x-ray or MRI) with special attention paid to findings that
indicate a specific origin of back pain. Therefore, the
“red flags” (hints of the presence of serious pathology
according to the Agency for Health Care Policy and Research Low Back Guidelines) and yellow flags will be
considered [61], and former medical reports and discharge letters will be taken into account whenever available. In the case of signs of serious pathological findings,
participants will be excluded, and a further investigation
will be advised. Painful tender points will be identified
by tenderness examination using ACR criteria [62].
Measures of clinical manifestation

The clinical manifestations of pain will be considered
using the pain dimensions (pain intensity, pain location/
extent, pain quality, and pain affect), disability/ impairment (subjective as well as objective measures), and
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psychological measures (mental comorbidity, early life
stress, health-related quality of life, and resilience).
Patients will be clustered in homogeneous groups
according to their clinical manifestation. In subsequent
analyses, we will test whether the clinical manifestation
corresponds with specific mechanisms (see below).
Pain dimensions

There are at least four dimensions of pain experience
that can be distinguished. These are intensity, location,
quality, and affect. Pain intensity: Pain intensity is
defined as how much a person hurts. It will be measured using a numerical rating scale, ranging from 0
‘no pain’ to 10 ‘worst pain imaginable’. Pain location:
Pain location can be defined as the perceived location
(s) of pain sensations that patients have on or in their
body. Spatial distribution patterns (local vs. referred
pain) will be assessed using a digitised pain drawings
[63]. Moreover, categorisation as CLP, CWP, and FMS
will be based on the ACR criteria [62] and a more
precise definition elaborated by Harkness et al. [6].
Therefore, each participant will be asked to complete a
body pain diagram, marking all areas where pain is
experienced. Afterwards, the pain diagram will be discussed jointly by the participant and the physician to
rule out any misunderstandings. Pain quality and pain
affect: Pain quality refers to the specific physical sensations associated with pain. Pain affect is the degree of
emotional arousal caused by the sensory experience of
pain. The affective and sensory dimensions of pain will
be measured using the Pain Experience Scale (SES).
The SES is the standard instrument of the German
chapter of the International Association for the Study
of Pain. The SES consists of 10 items on a sensory
subscale (e.g., ‘throbbing’, ‘wrenching’ or ‘stinging’) and
14 items on an affective subscale (e.g., ‘exhausting’,
‘fearful’, or ‘unbearable’). The response format is a
four-stage format (0 ‘not appropriate’; 1 ‘somewhat appropriate’; 2 ‘generally appropriate’; 3 ‘fully appropriate’). The sensory score of the SES is the mean of all
sensory items; the affective score of the SES is the
mean of all affective items. The retest-reliability of the
SES lies between .89 and .96, and Cronbach’s Alpha
lies between .72 and .92 [64].
Disability/ impairment

Chronic pain grade (CPG) The CPG assesses the severity of chronic pain problems. It measures pain intensity
and disability in regard to work and daily activities via
patients’ self-reports. The CPG comprises 6 items that
can be answered on an 11-point numerical rating scale
ranging from ‘0’ to ‘10’. The number of days during
which the patient experienced a disability during the
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past three months is assessed. Pain severity can be
graded in four hierarchical classes (Grade I, low disability – low intensity; Grade II, low disability – high intensity; Grade III, high disability – moderately limiting;
Grade IV, high disability – severely limiting). The CPG
has proven reliability (α = .82) and validity [65,66]. To
objectify impairment and disability, we will use the Physical Impairment Scale and the Back Performance Scale.
Physical impairment scale (PIS) The PIS was developed as a simple and standardised clinical observation
to evaluate physical impairment in patients with chronic
low back pain. The test battery combines objective physical findings indicating current functional limitations
due to pain. It consists of seven tests measuring lower
back movement (total flexion, total extension and average lateral flexion as measured with the inclinometer),
straight leg raises, spinal tenderness and strength (bilateral active straight leg raises, sit-ups). The measurements
are translated into values of 0 or 1 according to cut-off
values and summed. As subjective disability in nonspecific low back pain is not explained by anatomic or
structural impairment, the PIS measures functional limitation as influenced by the patient’s pain behaviour. The
PIS is able to discriminate between pain patients and
healthy controls and is related to self-reported disability
in the activities of daily living [67].
Back performance scale (BPS) The BPS is an objective
clinical assessment tool that can be used to observe
self-reported activity limitations in daily functioning
caused by lower back pain. The BPS consists of five
tests of daily activities (Sock Test, Pick-up Test, Roll-up
Test, Fingertip-to-Floor Test, and Lift Test) frequently
reported to be limited in back pain patients. Each performance is evaluated by the observer according to operational score definitions and then summed. The five
tests are combined to obtain a performance measure of
mobility-related activities requiring sagittal-plane mobility. The BPS is able to discriminate between pain
patients with different return-to-work statuses and is
sensitive to change. Cronbach’s α was .73 [68].
Psychological measures

Structured clinical interview for DSM-IV (SCID) To
examine the prevalence and the type of mental co-morbidity, the SCID interview, which consists of two parts,
will be applied [69]. The SCID is a comprehensive and
highly reliable and valid instrument [70]. The SCID-I is
a semi-structured interview for the evaluation of major
DSM-IV Axis-I diagnoses. With the SCID-I, it is possible to derive both a current and a previous history of
psychiatric illness. The SCID-II procedure for assessing
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personality disorders (PD) is a two-stage process. First,
subjects complete a 120-item questionnaire with questions based on the criteria from the DSM-IV. In the
second stage, a semi-structured interview is administered. Positive answers must be re-evaluated by the
interviewer to diagnose Axis-II PD. According to the
SCID-II protocol, we will interview only those subjects
who achieve the cut-off (a specified number of positive
answers in a specific PD section) on the questionnaire
[69]. All SKID interviews will be conducted by two psychologists with graduate training in clinical psychology.
To ensure diagnostic reliability, all interviews will be
audiotaped. One-fifth of the interviews will be randomly
selected and rated by both psychologists. A kappa coefficient will be calculated to assess inter-rater reliability.
Both psychologists will conduct 10 SKID interviews in
a pilot phase. In cases of low inter-rater agreement further, training will be conducted by an experienced
psychiatrist.
The Hospital Anxiety and Depression Scale (HADS-D)
will be used to determine the severity of anxiety and depression. The HADS-D was especially developed for
patients with somatic diseases and thus excludes physical symptoms. Each scale consists of seven items that
measure anxiety and depression via the patient’s selfreport with a four-stage response format. The HADS-D
has good reliability (subscale depression: α = .81; subscale
anxiety: α = .80) and validity [71].
Childhood Trauma Questionnaire (CTQ The German
Version of the CTQ will be used to measure early stress
exposure. The CTQ measures maltreatment during
childhood and adolescence and will be applied because
it captures factors that are relevant to chronic pain [50]
that are neglected by the SKID. The CTQ consists of
five subscales (‘emotional abuse’, ‘physical abuse’, ‘sexual
abuse’, ‘emotional neglect’, and ‘physical neglect’). Cronbach’s α ranges from .89 to .96, except for the subscale
‘physical neglect’ which yields an α of .62 [72,73].
12-Item short form health survey (SF-12) The healthrelated quality of life (HRQoL) will be measured with
the SF-12. The SF-12 consists of 12 items on eight scales
(‘physical functioning’, ‘role limitations due to physical
problems’, ‘bodily pain’, ‘general health’, ‘vitality’, ‘social
functioning’, ‘role limitations due to emotional problems’,
and ‘perceived mental health’). Response categories vary
from 2 to 6 and can be transformed to scale scores ranging from 0 (‘the worst’) to 100 (‘the best’) [74,75].
Resilience scale (RS-11) Resilience is a personality
characteristic that moderates the negative effects of
stress and promotes adaption. Thus it avoids any potentially negative effects of stress. Resilience will be
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measured with the RS-11. The RS-11 comprises two factors – ‘acceptance of self and life’ and ‘personal competence’ – with a seven-point response format ranging
from 1 ‘disagree’ to 7 ‘agree’. Thus, scores can range
from seven to 77, with higher scores reflecting higher resilience. The RS-11 has very good reliability (α = .91).
Sociodemographic variables

Sex, age, education, employment status, marital status
and further sociodemographic variables will by captured
by a questionnaire.
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pain threshold (HPT). The PHP will oscillate ± 1°C
around the PHP-temperature. The ratings of PHP pain
intensity will be assessed using a computerised Visual
Analogue Scale (VAS). The HPT will be obtained using
ramped stimuli (1°C/s, 32°C baseline, 0°C and 50°C cutoffs, 8 cm2 thermode), which will be terminated when
participants press a button. The mean of three consecutive measurements will be calculated. The PPT will be
calculated as the mean of three consecutive measurements over the paraspinal muscles (5 cm ± 0.5 cm next
to the midline on the autochthon back muscles [L1 to
S1]; site contralateral to the QST).

Measures of chronic pain mechanisms

We will determine whether the patient’s clinical manifestations of pain correspond with various specific potential
pain mechanisms. In our study, potential mechanisms are
captured through quantitative sensory testing (QST), the
evaluation of conditioned pain modulation (CPM, the diffuse noxious inhibitory control-like effect), and analyses of
nerve growth factor (NGF) plasma levels and endocannabinoid (ECs) profiles. Such potential mechanisms include
peripheral sensitisation, central sensitisation, disinhibition,
allodynia, and endogenous descending pain modulation.
Psychophysiological mechanisms

Quantitative Sensory Testing (QST) Somatosensory
function will be assessed using the comprehensive QST
protocol developed as part of the German Research Network on Neuropathic Pain (DFNS). Seven tests measuring
13 parameters (warm detection threshold, cold detection
threshold, thermal sensory limen, paradoxical heat sensation, cold pain threshold, heat pain threshold, mechanical
detection threshold, mechanical pain threshold, mechanical pain sensitivity, dynamic mechanical allodynia, windup ratio, vibration detection threshold, and pressure pain
threshold) [76] will be conducted. QST testing covers all
relevant aspects of the somatosensory system including
large and small fibre function as well as signs of central
sensitisation (dynamic tactile allodynia, punctate mechanical hyperalgesia). This way, detailed profiles of somatosensory function will be obtained for the tested body
areas. The test sites will be distributed throughout the
paraspinal muscles (5 cm ± 0.5 cm next to the midline on
the autochthon back muscles [L1 to S1]) and on the
dorsum of the ipsilateral hand.
Conditioned pain modulation (CPM) Inhibitory painmodulating mechanisms will be assessed using the CPM,
a diffuse noxious inhibitory control-like effect [77-79].
The difference in pressure pain threshold (PPT) before
and after the induction of DNIC by phasic heat pain
(PHP) will be measured. The appropriate temperature
for PHP will be determined by measurement of the heat

Neurobiological measures

Nerve growth factor (NGF) NGF levels in human blood
samples will be determined using proximity ligand Elisa
techniques. Endocannabinoids (ECs): EC (anandamide
(AEA), 2-arachidonoyl glycerol (2-AG), 1-arachidonoly
glycerol (1-AG), palmitoyl ethanol amine (PEA), oleoyl
ethanol amine (OEA), arachidonic acid) analyses of human
blood samples will be performed by large-scale lipidomic
profiling using the LC-MS/MS QTrap ABI5500. All analyses of NGF and ECs will be performed in collaboration
with our consortium partners.
Sample size estimation

A sample of more than 200 musculoskeletal pain
patients (population-based sample and tertiary care
sample) will be acceptable in order to recruit a sufficient number of “cases” with different clinical manifestations (e.g., local vs. generalised pain, different levels
of pain affect, anxiety disorders, mood disorders, no
mental comorbidity). To estimate the number of
patients in different subgroups, we will refer to data
from our population-based study. Approximately 61.8%
of the patients in our population-based study had
chronic local pain (CLP), and 38.2% had chronic widespread pain (CWP). We also found a prevalence of
12.7% for depression and 20.9% for anxiety disorders
(using the SCID-I). The prevalence of depression and
anxiety may be higher in a tertiary care pain setting,
as reported by others [80,81]. Therefore, we expect
group sizes that will be sufficient to gather abundant
information regarding clinical manifestations. We also
consulted recent QST studies and a review regarding
DNIC to estimate the required group sizes. For DNIC
testing, a systematic review [82] evaluated studies with
an average group size of 20. A group size of 20 to 30
is also commonly used in recent QST studies
[21,63,83]. We therefore expect our group sizes to be
appropriate for the investigation of distinct sensory
profiles. Studies investigating endocannabinoids used
sample sizes between n = 10 and n = 20 patients per
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group and reported mean effect sizes between .60 and
.80 (e.g. [84,85]). Studies with NGF have reported effect sizes between 2.02 and 4.31 [44,86]. With regard
to pain mechanisms, small sample sizes are sufficient
to compare subgroups. This will also apply for the
groups of pain-free patients with PTSD, depression,
and healthy controls (each n = 30, respectively).
Quality assurance

To ensure that the measurements are reliable and high
in quality, the project will have a pilot phase. In this
pilot phase the study staff will be trained in the study
procedures (if necessary) and conduct paired measurements to ensure reliability and validity. The pilot phase
will be finished when the reliability and validity of the
measurements has been verified. The study protocols
will be tested and adapted if necessary.
Statistical analyses

Descriptive statistics will be presented with means and
standard deviations for continuous variables and absolute numbers and percentages for categorical variables.
Questionnaires will be dealt with according to questionnaire manuals. The prevalence of chronic local pain,
chronic widespread pain, fibromyalgia, and mental
comorbidities will be determined for the populationbased sample and tertiary care setting. Explorative cluster analysis will be conducted to establish subgroups
based on the clinical manifestations observed. Therefore,
the dimensions of pain (see above) and mental comorbidity will be used as cluster variables. Then, we will
explore whether different neurobiological profiles (QST
profiles, CPM, NGF levels, EC profiles) correspond
with these subgroups. Pain drawings will be scanned,
superimposed, and transformed into two-dimensional
color-coded images. Body areas with high occurrence
of pain will be illustrated in dark red; body areas without
pain will appear in white. To classify patients who suffer
chronic local pain (CLP) or chronic widespread pain
(CWP), pain drawings will be analysed according to the
ACR criteria [62] and a more precise definition [6].
Quantitative sensory testing (QST) data pre-processing
and statistical analysis will be performed according to
the protocol established by Rolke et al. [76]. To quantify
conditioned pain modulation (CPM), the PPT before
PHP will be subtracted from the PPT after PHP. Negative values indicate an analgesic effect due to CPM. Differences between patient groups will be analysed using
analyses of co-variance (ANCOVA), followed by Fisher’s
least significant difference test. Potential confounders
will be included as covariates, if indicated. QST modalities or CPM will be entered as dependent variables, the
patient groups as an independent variable. For more
detailed information analysing QST data, we will refer to
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the protocol proposed by Rolke et al. [76]. The same
procedure will be applied with regard to nerve growth
factor (NGF) and endocannabinoids (ECs).

Discussion
Establishment of a mechanism-based subgroup classification of pain and the development of specific treatments were suggested almost a decade ago [41]. Since
then, the topic has been discussed amid controversy
[19,22,87,88]. Small effect sizes of chronic pain treatments were suspected to be due to unspecific treatment
approaches, but different pain generating and maintaining mechanisms [19,20]. This possibly is also supported
by clinical experience, which shows that the subgroups
of chronic pain patients are heterogeneous, even if suffering the same disease like non-specific chronic back
pain. However, only a few studies have aimed to identify
different pain mechanisms [20,21]. The identification of
patient subgroups is needed if we wish to establish distinct pathophysiological mechanisms and targets that are
necessary for the development of new analgesic drugs
and non-pharmacological mechanism-based treatment
options. There is a corresponding lack of evidence for
subgroup-specific treatments.
In addition to the identification of specific pathophysiological mechanisms, we will implement a feasibility study that is designed as a randomised controlled
trial. We will adapt the proven Eye-MovementDesensitization-Reprocessing (EMDR) short-time therapy to the subgroup of patients with chronic pain who
have experienced psychological trauma. This approach
might be promising because EMDR is an effective treatment for patients with PTSD [89,90] or chronic pain
[91-94] but has not yet been adapted to patients with
chronic musculoskeletal pain who have experienced psychological trauma. However, there are initial signs that
this might be a promising approach [95,96]. To identify
potential underlying mechanisms, we will use all measurements of our study obtained before and after treatment (plus functional magnetic resonance imaging).
Thus, our study will foster the development of new,
more specific interventions for chronic pain patients.
The remaining challenge is to match a sign or symptom to a mechanism, but a sign or symptom could potentially be produced by several distinct mechanisms
[19,20]. The novel aspect of our research is therefore its
comprehensive approach that uses reliable and valid
diagnostic tools. This approach comprises many variables that have been shown to be involved in alterations
in sensory processing (e.g., mental comorbidity, descending pain modulating systems, nerve growth factor, endocannabinoids). A holistic approach is also needed
because research shows that these variables influence
each other [35]. The observed alterations might be
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hybrids of alterations caused by single variables [21,37].
The inclusion of a population-based sample is also reasonable because prior research is usually based on highly
selective clinical samples of pain patients, and this might
bias research. Notably, the study is part of the LOGIN
consortium. LOGIN comprises seven subprojects and
includes basic and applied research in animals and
humans as well as preclinical and clinical projects. All
projects will use a core set of variables that investigates
similar pathogenetic mechanisms. This approach enables
LOGIN to study aspects in animals that cannot be investigated in humans (e.g., pathophysiological processes in
the spinal cord or brain) and to transfer results to the
human subprojects and vice versa. This approach will be
fostered by the translational aspects of LOGIN. Thus,
using the synergy of the different subprojects, the contemporary translation, implementation and dissemination of the results will be guaranteed.
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