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Preface to “Low Back Pain: Recent Advances  
and Perspectives” 

After evaluating the lack of attention to the problem of pain and pain care in the United States, the 
Institute of Medicine (IOM; https://www.ncbi.nlm.nih.gov/books/NBK92516/) highlighted the importance 
of addressing this prevalent and costly issue. In fact, low back pain (LBP) results in greater societal cost 
than cancer, coronary heart disease, and AIDS combined (Baird & Sheffield, 2016)! In response to these 
staggering statistics, the National Pain Strategy (NPS; https://iprcc.nih.gov/National-Pain-
Strategy/Implementation) was formulated and released in 2016, with the intention to improve pain care in 
the US. This then stimulated the formation of the Interagency Pain Response Coordinating Committee 
(IPRCC; https://iprcc.nih.gov/), with the specific charge to develop and prioritize specific research 
recommendations in order to advance the NPS agenda. Relatedly, a systematic review by Dionne and 
colleagues (2006) concluded that the prevalence of LBP for those over the age of 60 was  
approximately 20%. These older Americans also have the highest long-term consumption rates of 
medications for pain. McFarlane and colleagues (2012) reported that older persons were also more likely 
to be prescribed pain medications (such as opioids), and less likely to be referred for physical therapy, 
compared to younger persons. Thus, there is a high prevalence of LBP in older adults, who are more often 
treated with pharmacotherapy. Reid and colleagues (2016) highlighted the urgent need for non-
pharmacologic approaches to manage chronic LBP in older adults, as well as a better understanding of 
underlying mechanisms. In response to this great need for clinical research on LBP, the present series of 
articles was developed to include the many clinical research studies that have addressed the various 
biopsychosocial mechanisms of LBP, ranging from basic functional measures (such as strength, balance, 
brain activation patterns, and surface EMG), to important psychosocial factors (such as depression and 
psychiatric comorbidities, as well as demoralization), to interdisciplinary treatment methods. This series is 
meant to stimulate the extension of these significant clinical research areas. I would like to personally 
thank all the authors who have contributed to this compilation of articles. 
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Abstract: Because of the great prevalence of chronic pain, it is not surprising that there have been
a number of influential reports by the Institute of Medicine, National Institutes of Health, and the
World Health Organization that have documented the medical, social and economic problems
caused by it, and the need for better pain-management programs. The present article briefly
reviews these reports, and then focuses on three important areas that need to be considered when
addressing the continuing and growing epidemic of one of the most prevalent types of chronic pain
[chronic low back pain (CLBP)]: the biopsychosocial model of chronic pain; the paradigm shift in
medicine from a disease model to an illness model of CLBP; and a review of the treatment- and
cost-effectiveness of interdisciplinary chronic pain management programs. This overview will serve
as an important prelude to other topics related to low back pain included in this Special Issue of
Healthcare. Topics covered will range from assessment and treatment approaches, to important
psychosocial mediators/moderators such as coping and pain beliefs.

Keywords: chronic pain prevalence; low back pain; biopsychosocial model; interdisciplinary chronic
pain management; illness versus disease

1. Introduction

The very influential Institute of Medicine (IOM) Report, “Relieving Pain in America” [1],
has highlighted the urgent need for the development of better methods for pain management
because the ever-increasing costs associated with current treatment approaches cannot be sustained.
This urgency has been further emphasized by the National Institutes of Health’s recent National Pain
Strategy: A Comprehensive Population Health Level Strategy for Pain [2]. The Strategy also highlighted the
use of a biopsychosocial model of pain (to be reviewed in the next section). This was stimulated by the
initial IOM Report [1], which estimated that the total direct and indirect costs of chronic pain to the
U.S. economy ranges between $ 560 to $ 630 billion annually. This amount excludes those adults in
the military, VA Health Care System, incarcerated individuals, and those hospitalized in psychiatric
facilities [3]. Moreover, 100 million American adults have some form of chronic pain, and it is also
common among children and adolescents. Overall, this makes chronic pain more common than the
total number of individuals in the U.S. with diabetes, heart disease, and cancer combined [4]! However,
because most people with chronic pain do not die, it does not get the public attention it greatly deserves,
and is often overlooked by federal and philanthropic funding agencies. However, as will be reviewed
below, it affects a tremendous number of individuals around the world.

The IOM Report also documented that musculoskeletal pain is the most common single type of
chronic pain; chronic low back pain is the most prevalent in this category. A recent article in the Journal of
the American Medical Association reported that low back pain is one of the major health problems in the
U.S., and is associated with the largest number of years lived with disability [5]. Moreover, as noted
by Turk [3] in 2008, there were more than 7.3 million emergency hospital room visits, and more than
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2.3 million hospital inpatient stays, that were related to back problems [6]. Globally, similar findings
have been published in recent reviews in the New England Journal of Medicine [7] and The Lancet [8].
These reviews were based on the World Bank and World Health Organization’s Study of the Global
Burden of Disease (GBD). As a follow-up to the previous GBD Study 2010, a more recent GBD Study
2013 [9] reported that years lived with disability (YLDs) are increasing due to population growth and
aging in most countries around the world. As noted: “Leading causes of YLDs included low back
pain and major depressive disorder among the top ten causes of YLDs in every country.” (p. 1) [9].
Again, the economic burden of low back pain is quite large, and continues to grow in the U.S., as well
as internationally [1,9].

It should also be kept in mind that, with the “graying of America,” this low back pain problem
will significantly increase in the future. In 2010, there were approximately 40.3 million Americans,
age 65 years or older, accounting for 13% of the total population [10]. By the year 2030, it is projected
that about 20% of the population will be 65 years of age or older [11]. Awareness of these population
trends, both nationally and internationally, contributes to increased concern about healthcare issues
among older adults, including pain problems, their psychiatric sequelae, and the associated increased
and potentially dangerous opioid medication use.

With the above staggering statistics in mind, it was felt that a Special Issue of the Journal Healthcare
was warranted in order to update many of the recent advances and perspectives in this growing
area of clinical and economic importance. Besides the now most widely accepted and heuristic
approach to chronic low back pain—the biopsychosocial perspective—to be reviewed next, a host of
biopsychosocial-related topics will be presented. They range from medical evaluations and other
assessment techniques, to low back pain management approaches, including surgery and opioid
medication, as well as important psychosocial mediators/moderators such as coping and pain beliefs.
An earlier review by Gatchel, Peng et al. [12], delineated a number of such moderators and mediators
(e.g., emotional distress, catastrophizing, fear avoidance). This Special Issue is meant to provide
readers with the most updated information on these important topics related to low back pain.

2. The Biopsychosocial Model of Chronic Pain

George Engel [13] first introduced the term “biopsychosocial” to medicine in the context of chronic
physical illnesses. He initially highlighted the fact that many chronic illnesses were not solely caused
by some specific underlying pathophysiology. Rather, lifestyle/psychosocial factors were important
contributors to the maintenance and/or exacerbation of the illness process. This perspective started to
replace the outdated biomedical reductionism, or “dualistic” perspective that mind and body function
separately and independently, to the more comprehensive biopsychosocial approach to medicine
(e.g., [4,14]). This biopsychosocial perspective began to be adopted by many clinical researchers in the
area of pain, now viewing pain as the result of a dynamic interaction among biological, psychological
and social factors that can perpetuate and even worsen the clinical presentation. The reader is referred
to many relevant publications on this topic (e.g., [4,12,14–20]).

A major outgrowth of this biopsychosocial model of pain was the development of more
comprehensive and effective interdisciplinary interventions for chronic pain in order to address
both the physical and psychosocial factors involved (e.g., [4,16]). Indeed, as reviewed by Gatchel and
Okifuji [17], traditional interventions for chronic pain had predominantly involved monotherapies,
such as surgery, injections, and a wide array of pharmacotherapeutic approaches. However, as Turk
and Gatchel [21] began to highlight, more comprehensive interdisciplinary approaches, based on the
biopsychosocial model, were needed to address both the physical and psychosocial factors involved
in chronic pain. This model has become very influential in the area of pain, especially with the
resultant development of treatment- and cost-effective interdisciplinary pain management programs
in this country [12,17], as well as other countries such as Canada [22], Denmark [23,24], France [25],
Germany [26], and Japan [27]. Such programs (to be discussed next), based upon the biopsychosocial
model, have been found to be the most heuristic approach to understanding and assessing chronic
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pain [12]. Indeed, the earlier reviewed influential IOM Report [1]; p. 35 states that: “Today, most
researchers and clinicians who specialize in pain issues use the “biopsychosocial model” (denoting the
combination of biological, psychological and social/family/cultural contexts of pain to understand
and treat chronic pain [12]).” Further support for the use of interdisciplinary pain management as
an evidence-based clinical guideline for the treatment of low back pain is the fact that Chou and
colleagues [28] concluded that “ . . . it is strongly recommended that clinicians consider intensive
interdisciplinary rehabilitation with a cognitive/behavioral emphasis (strong recommendation,
high-quality evidence)” (p. 1070).

3. Disease versus Illness

It should also be noted that, as originally summarized by Turk and Monarch [19],
the biopsychosocial model focuses on both disease and illness, with illness being viewed as the
complex interaction among biological, psychological and social factors. As they note:

“The distinction between “disease” and “illness” is crucial to understanding chronic pain. Disease
is generally defined as an “objective biological event” that involves disruption of specific body
structures or organ systems caused by pathological, anatomical, or physiological changes . . .
In contrast to this customary view of physical disease, illness is defined as a “subjective experience
or self-attribution” that a disease is present; it yields physical discomfort, emotional distress,
behavioral limitations, and psychosocial disruption. In other words, illness refers to how the sick
person and members of his or her family and wider social network perceive, live with, and respond
to symptoms and disability . . . The distinction between disease and illness is analogous to the
distinction between “pain” and “nociception.” Nociception entails stimulation of nerves that convey
information about tissue damage to the brain. Pain is subjective perception that results from the
transduction, transmission, and modulation of sensory input filtered through a person’s genetic
composition and prior learning history and modulated further by the person’s current physiological
status, idiosyncratic appraisals, expectations, current mood state, and sociocultural environment.”

(pp. 6–7) [19]

Because the biopsychosocial model of chronic pain views each individual as experiencing
pain uniquely, it is important to evaluate the different dimensions of this interactive process [16].
Also, chronic pain should be generally viewed as an illness, which can be successfully managed (using
comprehensive interdisciplinary pain management programs to be discussed next), but cannot often be
completely cured by traditional surgical procedures or solely by medication. Indeed, this represents a
significant paradigm shift from the older biomedical reductionist curative model of medical disorders,
to a more pragmatic and effective biopsychosocial management model of medical disorders such as
chronic pain.

4. Interdisciplinary Pain Management

Intensive interdisciplinary pain management programs, such as functional restoration
(first developed by Mayer and Gatchel [29]), were established for patients who were experiencing the
effects of significant physical deconditioning, chronic disability, and major psychosocial consequences.
As outlined by both Gatchel and Okifuji [17] and Gatchel, McGeary et al. [4], the treatment team of
such programs consists of a physician, nurse, psychologist or psychiatrist, physical therapist, and an
occupational therapist. They interact on a daily basis in order to coordinate the following:

• The objective quantification of physical/functional deficits (at the beginning, during, and at the
end of treatment) in order to tailor/individualize, monitor and guide physical and functional
progress and gains. Indeed, one of the most frequent barriers to rehabilitation is physical
deconditioning. Such deconditioning occurs when inactivity and disuse of the injured body
part culminates in a general loss of function, which becomes progressively worse as the degree of

3



Healthcare 2015, 3, 838–845

disuse and immobilization increases [30]. The effects of this deconditioning may result in muscle
atrophy, the development of stiff/hypomobile joints, loss of endurance and cardiovascular fitness,
and an increase in muscle spasms [29].

• Likewise, psychosocial evaluations are conducted to aid in the tailoring of treatment for each
patient, as well as to guide and monitor progress and gains.

• These above psychosocial evaluations are used in a multimodal pain and disability program,
using cognitive-behavioral therapy (CBT) approaches. As previously reviewed by Gatchel and
colleagues [31], CBT is a major component of interdisciplinary treatment: “The central aims of CBT
are to identify and replace maladaptive patient cognitions, emotions, and behaviors with more
adaptive ones in the hope of maximizing the benefits of other interdisciplinary care components
(e.g., physical therapy) and increasing functional capacity through improved coping . . . CBT has
emerged as the psychosocial treatment of choice for chronic pain.” (pp. 124–125) [31].

• Psychopharmacological interventions are also often used for detoxification purposes, as well as
for psychosocial management purposes.

• Regular, ongoing interdisciplinary, medically-directed formal team staffings are held at least on a
weekly basis, as well as frequent team meetings in order to ensure that patients are progressing,
and that any potential barriers to improvement are immediately addressed. This regular
communication and feedback among the staff is a requisite element for ensuring successful
treatment outcomes.

As noted earlier, this interdisciplinary approach has been found to be both therapeutically- and
cost-effective in U.S. studies, as well as studies in other countries. Successful outcomes, such as
decreases in pain and opioid medication use, increases in return-to-work and activities of daily living,
and decreases in subsequent healthcare visits, are obtained after intervention. This attests to the
robustness of the clinical research findings and utility, as well as its fidelity [4,17]. It should also be
noted that, for more acute patients, a less intensive interdisciplinary intervention program has also
been found to be therapeutically- and cost-effective [31–33].

5. Summary and Conclusions

As has been reviewed, there have been a number of recent and very influential reports from the
IOM, the National Institutes of Health and the World Health Organization that have highlighted the
urgent need for the development of better methods for pain and disability management because the
ever-increasing costs associated with treatment approaches cannot be sustained. Musculoskeletal
pain is the most common single type of chronic pain, with low back pain the most prevalent in
this category. Because of this increased problem of chronic pain, there has been a great increase
in the number of clinical research studies evaluating aspects of the assessment, treatment and
prevention of chronic pain (see [12]). The majority of this clinical research is being guided by the
biopsychosocial model of pain, which views pain as a result of a dynamic interaction among biological,
psychological and social factors that can perpetuate and even worsen the clinical presentation. A major
outgrowth of this biopsychosocial model of pain has been the development of more comprehensive
and effective interdisciplinary interventions for chronic pain in order to address both the physical
and psychosocial factors involved. Such interdisciplinary approaches to pain management have been
found to be more therapeutic- and cost-effective than traditional biomedical approaches on a variety
of important outcome measures. Indeed, such findings have resulted in a significant paradigm shift
from the outdated biomedical approaches to chronic pain, which try to “cure” the pain by surgical or
medication use (often, though, unsuccessfully), to a more comprehensive pain management approach
using interdisciplinary pain management programs to help patients better manage and cope with
the chronic pain and any remnants of it. Moreover, the distinction between disease and illness is
crucial in understanding chronic pain. In contrast to the disease perspective, which is generally
defined as looking for an objective biological event involved in the disruption of specific bodily
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structures or chronic systems caused by some type of pathophysiology, illness is defined as a more
subjective experience or self-attribution that a disease is present and will yield physical discomfort,
emotional distress and psychosocial disruption.

Finally, using this biopsychosocial “illness” approach to interdisciplinary pain management
programs, such as functional restoration, have been developed for patients who are experiencing the
effects of significant physical deconditioning, chronic disability and major psychosocial consequences.
Also, for more acute patients, less intensive interdisciplinary intervention programs have also
been found to be therapeutically- and cost-effective. In these programs, a number of psychosocial
moderators and mediators (e.g., emotional stress, catastrophizing, fear avoidance) need to be taken
into account. Subsequent articles in this Special Issue have been provided to update information on
these variables, as well as the overall topic of low back pain.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: Back pain is a major health issue in Western countries and 60%–80% of adults are likely
to experience low back pain. This paper explores the impact of back pain on society and the role of
physical activity for treatment of non-specific low back pain. A review of the literature was carried
out using the databases SPORTDiscuss, Medline and Google Scholar. A general exercise programme
that combines muscular strength, flexibility and aerobic fitness is beneficial for rehabilitation of
non-specific chronic low back pain. Increasing core muscular strength can assist in supporting the
lumbar spine. Improving the flexibility of the muscle-tendons and ligaments in the back increases the
range of motion and assists with the patient’s functional movement. Aerobic exercise increases the
blood flow and nutrients to the soft tissues in the back, improving the healing process and reducing
stiffness that can result in back pain.
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1. An Introduction to the Impact of Back Pain on Society and the Importance of Physical Activity

Back pain is a major health issue in Western countries and is associated with increasing medical
expenditure, work absence [1,2] and is the most common musculoskeletal condition [3–5]. Sixty to
eighty percent of adults will at some point in their lives experience low back pain [6–8], and 16% of
adults in the United Kingdom (UK) consult their general practitioner every year [9]. Back pain costs
the National Health Service (NHS) £1.3 million every day [10] and results in 12.5% of all work absence
in the UK [11]. However, the most appropriate intervention to treat non-specific chronic low back pain
(NSCLBP) remains elusive [12].

It is recommended for patients with NSCLBP to remain physically active, as long periods of
inactivity will adversely affect recovery [13,14]. A variety of different types of exercise have been
explored to treat CLBP, including low-to-moderate intensity aerobic exercise [15,16], high intensity
aerobic exercise [17,18], core stabilization and muscular strength exercises [19–24] and flexibility
programmes [25–27]. However, the most effective form of exercise as a method of rehabilitation for
NSCLBP is unknown [6,28] reflecting its complexity [17] and more research is required [29].

Physical activity (PA) to increase aerobic capacity and muscular strength, especially of the lumbar
extensor muscles, is important for patients with CLBP in assisting them to complete activities of daily
living [30]. However, different exercises have been found to result in varying levels of effectiveness in
reducing lower back pain [31]. In addition, too much or too little PA can be associated with low back
pain [32], suggesting that PA as an intervention for low back pain is complex.

Eight-five percent of back pain cases have an unknown cause [33], normally diagnosed after
undergoing tests such as X-ray, MRI scan and blood tests [34]. Understanding the cause of back
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pain is important in order to remove it from the patient’s life and not to replicate the movement
during therapy [35]. However, when the cause of the back pain is unknown, prescribing targeted
therapy can prove difficult, and general exercise is often recommended [36]. Typically intervention
programmes have adopted a monodisciplinary approach to rehabilitate NSCLBP [15,21,25]. Although
promising findings were reported following a multicomponent exercise programme [37]. Thirty-seven
patients with NSCLBP were allocated into control, (who just maintained their current rehabilitation
programme), or training groups, which combined an additional functional training programme of
aerobic exercise, muscular strength and flexibility. Back pain was found to significantly decrease
by 52.5% in the training group compared to no significant change in the control group. In addition,
disability significantly decreased by 27.3% in the training group according to the Oswestry Disability
Index, compared to no significant change in the control group. The aim of this article is to review the
effects of PA and exercise interventions involving aerobic exercise, muscular strength and stabilisation
exercises and/or flexibility training on NSCLBP to identify effective strategies for treatment.

2. Method

A systematic review was carried out between 2014 and 2015 using the databases SPORTDiscuss,
Medline and Google Scholar. The first author selected intervention programmes published between
2005 and 2015 which investigated the effect of PA or exercise interventions for NSCLBP patients
involving aerobic exercise, muscular strength and stabilisation exercises and/or flexibility training on
NSCLBP. The first author read and reviewed the articles. Chronic pain was defined as pain remaining
for longer than three months and further inclusion criteria was that the participants involved in the
studies should be ě18 years old. The intervention programmes were identified using the search
terms “non-specific chronic low back pain and exercise” which returned 141 results. Other search
terms included “chronic low back pain and aerobic exercise” (187 results), “chronic low back pain and
muscular strength” (120 results) and “non-specific chronic low back pain” (173 results). A total of
14 studies were included within the final review. The review summarised the effect on NSCLBP within
the included intervention programmes.

2.1. Eligibility Criteria

Studies were included within the final review based on the following: population, intervention
and the outcome.

2.2. Inclusion Criteria

Population: NSCLBP patients aged 18 years or older.
Intervention: Aerobic exercise, muscular strength or stabilisation exercises and/or flexibility

training intervention programmes. There was no restriction on the inclusion of a follow up in the
included studies.

Outcome: Investigate effect of the intervention on NSCLBP which was not limited to one specific
measure for pain.

2.3. Exclusion Criteria

Literature reviews and any article which did not involve a delivery of an intervention programme
to NSCLBP patients.

3. Defining Back Pain and the Impact of Physical Activity and Exercise

Back pain is defined as chronic when the pain remains for longer than three months [38]. CLBP
can have a debilitating effect on patients’ lives, resulting in disability and reducing their ability to carry
out activities of daily living [29]. Acute back pain is pain that remains for less than 6 weeks [39,40] and
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sub-acute back pain is back pain for between 6 weeks and 3 months. Forty percent of patients with
acute low back pain are at an elevated risk of developing CLBP [41].

Back pain is then further categorised into specific or non-specific back pain. Non-specific back
pain is diagnosed when the cause of the back pain is unknown [42,43], and specific back pain refers to a
specific cause for the pain, for example an infection or a fracture [44]. Non-specific low back pain is the
most common type of back pain to occur [45,46], and accounts for 85% of all back pain cases [39,47].

PA increases the blood flow to the back which is important for the healing process of the soft
tissues in the back [48]. Being physically active, through activities of daily living, has been highlighted
as important in assisting the recovery of acute and NSCLBP [49]. However, following a review of
39 trials into the effects of exercise on non-specific acute low back pain [2], it was suggested there is
strong evidence that an exercise programme was not more effective for recovery of non-specific acute
low back pain, compared to inactivity. Thus, patients with acute low back pain should not start an
exercise programme for rehabilitation [50].

The difference between PA and exercise is that exercise is planned and structured which involves
disrupting homeostasis by concentric, eccentric and isometric muscular activity and involves repetitive
movements [51]. PA is not structured, and includes any movement that involves contraction of skeletal
muscles requiring energy expenditure [52] typified by activities of daily living such as walking and
housework [53].

Most people with non-specific acute low back pain recover in 4–6 weeks with or without a
treatment [5]. Therefore if acute low back pain patients recover without a treatment in a similar
timescale to patients with a treatment, there is no added benefit in completing an exercise programme
such as muscle strengthening exercises. Muscle strengthening exercises could potentially cause extra
damage to acute back pain due to the additional strain on the ligaments and muscles in the back,
which may have swelling [48]. It is important to stop exercise in order to reduce the swelling of the
affected area and therefore reduce the back pain [39], suggesting it is a case of waiting for acute low
back pain to recover.

Furthermore, a review of six randomised controlled trials researched the effect of exercise
programmes on patients with non-specific sub-acute low back pain [54]. The review suggested that
there was moderate evidence that a graded-activity exercise programme is effective for improving
absenteeism from work for patients with non-specific sub-acute low back pain, however it was unclear
if other types of exercise programmes are effective.

4. Results

4.1. Aerobic Exercise

Aerobic exercise can benefit CLBP as it increases the blood flow and nutrients to the soft tissues in
the back, improving the healing process and reducing stiffness that results in back pain [55]. In addition
30–40 min of aerobic exercise increases the body’s production of endorphins [55], a brain chemical that
bind to the opiate receptors in the pain control system in the brain and spinal cord to decrease the
perception of pain [56]. Endorphins act in a similar way to pain reducing drugs such as morphine and
codeine [57]. However increasing the body’s endorphin production is a natural alternative for pain
relief for the body [58], and can reduce CLBP [59]. Rehabilitation involving aerobic exercise can be
used as a conservative method for reducing CLBP, and could prevent patients relying on medication
for pain reduction.

A low aerobic fitness level is associated with CLBP [60,61], and maximum oxygen
consumption (VO2max) was significantly lower by 10 mL/kg in men with CLBP compared to men
without [62]. VO2max was also significantly lower by 5.6 mL/kg in women with CLBP compared to
healthy counterparts.

Aerobic exercise for 20 min on a cycle ergometer at 70% peak oxygen uptake reduced the pain
perception for more than 30 min for patients with CLBP [63]. Aerobic exercise also provides additional
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benefits such as improving functional status [64], and reducing the fear of movement [65]. Fear of
movement is a predictor for functional limitations [66] and is associated with disability in patients
with CLBP [67]. Aerobic exercise can reduce disability and improve the functional status of patients
with CLBP by increasing fitness levels, helping patients conduct activities of daily living.

4.1.1. Impact of Aerobic Exercise Interventions on Chronic Low Back Pain

A 6-week moderate intensity aerobic exercise programme (walking on a treadmill at 50% heart
rate reserve) for 52 sedentary NSCLBP patients was compared to a 6-week programme involving
specific strengthening exercises for the trunk and upper and lower limbs [16]. CLBP significantly
reduced by 20% in the aerobic exercise group and 15% in the muscle strengthening group, although
there was no significant difference between the two groups. This suggests that patients could be
provided with a choice of which type of exercise programme they would most enjoy. This is important
as enjoyment of exercise is an important factor in exercise adherence [68]. However this study involved
a 6-week intervention, and an 8-week intervention programme is important to significantly improve
aerobic fitness [69], by allowing greater physiological adaptions to occur [15].

An 8-week moderate intensity aerobic exercise intervention at 40%–60% of heart rate reserve
combined with conventional physiotherapy, significantly reduced NSCLBP by 47% [15]. This was
compared to a significant reduction of 42% in NSCLBP in the control group, involving only
conventional physiotherapy. However there was no significant difference between the two groups,
suggesting the combination of moderate intensity aerobic exercise and conventional physiotherapy
does not provide any additional benefits to CLBP.

The 8-week intervention programme was also found to increase aerobic fitness by 3.3% as
measured by VO2max. This increase was not significant, and also suggests that additional factors
excluding aerobic fitness levels must have had an influence on reducing CLBP. This was in contrast
to previous research which suggested aerobic fitness levels to be associated with CLBP [60,61].
The conventional physiotherapy involved activities such as back mobilisation exercises, core
stabilisation exercise and education on back care, suggesting a general programme involving a range
of activities may be optimal.

A 12-week high intensity aerobic exercise programme involving running on a treadmill at 85% of
heart rate reserve and was compared to passive treatment (ultrasound and did not include any form
of PA) [17]. The 12-week high intensity exercise programme significantly reduced NSCLBP by 41%
compared to no improvement in the passive treatment group.

The effect of high intensity aerobic exercise on CLBP was further supported by a 12-week
high intensity aerobic exercise programme (running on a treadmill at 85% heart rate reserve) which
significantly reduced NSCLBP by 30% [18]. This study involved a larger sample size of 64 patients,
compared to the previous study [17].

However the study [18] excluded patients with NSCLBP who were obese, classified by a body
mass index of 30 or over [70,71]. The researcher stated this was due to possible cardiovascular problems
and the risk of injury to the patients, as the study involved high intensity exercise. Therefore the results
from this study cannot be generalised to obese NSCLBP patients, despite obesity being associated with
NSCLBP [72].

Walking is known to be a safe form of exercise for CLBP patients as it is associated with a low
injury rate [73] and does not involve twisting or vigorous forward flexion [74]. Although, exercising
at a low intensity at 40% VO2max does not significantly increase cortisol levels [75], and low cortisol
levels are associated with CLBP [76].

These studies indicate that although similar outcomes can be achieved despite differences in
aerobic exercise intensity. Thus moderate exercise should be promoted over high or low intensity
programmes given the reduced risks, enhanced compliance, optimal benefits and reduced impact [55].

Exercising at a comfortable intensity for the patient is important in reducing fear avoidance [77],
which is important for increasing PA levels [78] as CLBP patients who are more fear avoidant report
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higher levels of disability [79]. Patients should be encouraged to increase their levels of PA at an
intensity that is comfortable for them, and that can be integrated into activities of daily living [53]. Such
an approach is more sustainable long term [80]. See Table 1 for a summary of each of the discussed
aerobic exercise intervention programmes.

Table 1. Aerobic exercise intervention programmes for NSCLBP patients.

Reference Number Type of Population Length of Intervention Effect on Back Pain Significance Levels

(Hoffman et al., 2005) [63]
8 individuals with
NSCLBP (4 male,
4 female)

25 min of cycle ergometry.
5 min at 50% peak oxygen
uptake, then 20 min at 70%
peak oxygen uptake

Pressure pain test. Pain
significantly decreased by
28% at 2 min and 22% at 32
min post exercise compared
to pre-exercise values. No
gender/age differences
in results

p < 0.05

(Shnayderman & Katz-Leurer, 2013) [16] 52 sedentary NSCLBP
patients aged 18-65 years

Experimental group
(walking on treadmill at 50%
heart rate reserve). Control
group: specific low back
strengthening exercises.
Both twice a week for
6 weeks

Low Back Pain Functional
Scale: Significantly
improved by 20% in
experimental group and 15%
in control group. No
gender/age differences
in results

p < 0.05

(Chan et al., 2011) [15] 46 NSCLBP patients
(10 male, 36 female)

8-week intervention. Both
intervention and control
groups received
conventional physiotherapy.
Intervention group only also
prescribed aerobic exercise
(40%–60% heart rate reserve)

Visual Analogue Scale (VAS):
Intervention group: 47%
significant reduction post
intervention. Control: 42%
significant reduction post
intervention. No
gender/age differences in
results

p < 0.001

(Chatzitheodorou et al., 2007) [17]

20 NSCLBP patients
(11 male, 9 female).
Excludes patients with
BMI > 30

12-week intervention.
Exercise group: high
intensity aerobic exercise
(running on treadmill at 85%
of heart rate reserve).
Control group: Passive
treatment (ultrasound and
did not include any form
of PA)

McGill Pain Questionnaire.
Exercise group: 41%
significant reduction post
intervention. Control: no
significant change. No
gender/age differences
in results

p < 0.001

(Chatzitheodorou et al., 2008) [18]

64 NSCLBP patients
(26 male, 38 female)
Excludes patients with
BMI > 30

Patients randomly allocated
into positive or negative
dexamethasone suppression
test. Both groups completed
12-week aerobic exercise
programme (running on
treadmill at 85% heart
rate reserve)

McGill Pain Questionnaire.
Positive suppression group:
30% significant reduction
post intervention. Negative
suppression group: 8%
significant reduction post
intervention. No
gender/age differences
in results

p < 0.001

4.1.2. Summary

Moderate intensity aerobic exercise (40%–60% heart rate reserve) should be promoted for NSCLBP
rehabilitation. Aerobic fitness, behavioural treatment and multi-disciplinary treatment programmes
are important for reducing CLBP and improving disability [81].

4.2. Muscle Strength and Stabilisation Training

A reduction in core strength can lead to lumbar instability [82], and lumbar instability also
reduces the flexibility of the lumbar spine [83]. CLBP patients restrict their trunk movement to reduce
the pain in the lumbosacral area, however this only further reduces core strength and increases
lumbar instability, resulting in low back pain [84]. Exercises to activate the deep abdominal muscles
including the superficial muscles, transversus abdominis muscle and the multifidus are important for
CLBP patients [85]. The deep abdominal muscles are essential for supporting the lumbar spine and
strengthening these muscles can reduce back pain [86].

A high volume of stress placed on the vertebral column muscles can lead to back pain [87],
and poor muscle recruitment of the deep abdominal muscles has been shown in NSCLBP patients [19].
The transversus abdominis is important in muscular stabilisation of the spine which assists in
supporting posture [88] and a delayed muscle contraction during movement is often prevalent in

11



Healthcare 2016, 4, 22

patients [89]. Spinal stabilisation exercises aim to increase the strength and endurance of these
muscles [90], improving spine stability [91].

Stabilisation exercises have been shown to be effective in reducing NSCLBP [19,21,24], but not
acute low back pain [92]. It is important to identify the specific exercises which are most effective for a
specific population, as opposed to a generic group [93]. Lumbar stabilisation programmes increase the
stability of the spine by training the muscular motor patterns in order to reduce low back pain [94].

Strengthening exercises are considered the most effective treatment for functional gain including
walking speed [16]. This is because the deep trunk muscles are active when walking [16], suggesting
that strengthening these muscles can help with completing activities of daily living [95].

4.2.1. Muscular Strength and Stabilisation Intervention Programmes

Core stabilisation programmes [19,21,23,24] have been shown to significantly reduce CLBP by
39%–76.8%, and a muscular strength programme significantly reduced CLBP by 61.6% [20].

A 3-month intervention involving 30 NSCLBP patients compared core stabilisation exercises
including slow curl ups, bird dog, the plank and sit ups (raising the head and shoulders off the ground
with the hands under the head) to conventional spine exercises [19]. The conventional spine exercises
included static stretching of muscles found to be tight, however the study does not state which form of
assessment was used to identify tight muscles.

Core stabilisation exercises significantly reduced NSCLBP by 76.8% compared to a 62.8%
significant reduction following the conventional exercises. These findings suggested both core
stabilisation and conventional exercises to be significantly beneficial in reducing CLBP. However
the core stabilisation group reported a significantly greater improvement compared to conventional
exercises, highlighting the importance of core stability for CLBP patients.

An 8-week core stability intervention programme for 10 NSCLBP patients involved activating
core stability responses using unstable standing surfaces and unexpected movements of the upper
limbs [21]. CLBP significantly reduced by 39.5%. These results were lower in comparison to the
other study [19] which reported a 76.8% significant decrease in CLBP. However this study involved
a 3-month intervention [19] compared to the 8-week core stability intervention [21], suggesting the
longer a stabilisation intervention programme is, the more positive impact upon CLBP there is.

Another study involved an 8-week stabilisation programme [24] involving 40 NSCLBP patients
and investigated the effects of combining ankle dorsiflexion exercises with drawing in the abdominal
wall (experimental group), to drawing in the abdominal wall exercises alone (control group). The ankle
dorsiflexion exercises were completed at 30% of maximal voluntary isometric contraction of the tibialis
anterior muscle, using a resistance band for 10 sets of 20s.

Ankle dorsiflexion exercises were included in the exercise programme because the proprioceptive
neuromuscular facilitation irradiation technique, increases core muscular strength by stimulating
stronger muscles from the lower body [96], which provides a resistance and stimulus to increase muscle
fibres and muscle activity in abdominal muscles [97]. This suggests that to contract the deep target
muscle the transversus abdominis, resistance should be applied to the stronger ankle dorsiflexors
combined with drawing in the abdominal wall. The transversus abdominis and internal oblique
muscles are important for core stability as they are attached to the thoracolumbar fascia, and increase
the stiffness of the tissue which improves the core stability [98]. In addition an increase in the stiffness
of the tissue in the core, can help to resist the stress placed on the spine and help to reduce back
pain [99].

The study reported that the experimental group significantly reduced NSCLBP by 32.5%
(according to the VAS), 23.2% (Pain Disability Index) and 21.5% (Pain Rating Scale). The control group
significantly reduced CLBP by 16.8% (VAS), 12.4% (Pain Disability Index) and 8% (Pain Rating Scale).

This study [24] also included a follow up measurement after 2 months, in which time patients were
instructed to continue the exercises of combining ankle dorsiflexion to drawing in the abdominal wall
(experimental group), or only drawing in the abdominal wall (control group). The results identified
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CLBP had significantly reduced further to 46.8% (VAS), 39.2% (Pain Disability Index) and 30.7%
(Pain Rating Scale) in the experimental group and 38.7% (VAS), 18.8% (Pain Disability Index) and
14.6% (Pain Rating Scale) in the control group. These results provide additional support for the
benefits of a longer intervention programme and also for the inclusion of ankle dorsiflexion exercises
in rehabilitation of NSCLBP.

Core stability measured by the active straight leg raise was also shown to improve by 56.1%
in the experimental group, and 27.4% in the control group after 8 weeks. The results highlighted
the importance of core stability in reducing CLBP, especially as core stability had improved by an
additional 33.8% at the two month follow up compared to the 8-week measurement in the experimental
group, and consequently CLBP had been shown to reduce further. Therefore the results suggested that
the addition of ankle dorsiflexion exercises when combined with drawing in the abdominal wall to be
an effective exercise in reducing CLBP.

The addition of ankle dorsiflexion exercises to drawing in the abdominal wall is a unique technique
for improving core stability for NSCLBP patients, as this technique has only been previously researched
in 40 healthy participants [100]. This study [100] reported that the combination of drawing in the
abdominal wall and ankle dorsiflexion exercises, resulted in a significantly greater increase in the
thickness of the transverse abdominal muscle measured using ultrasonography, compared to drawing
in the abdominal wall alone. This is important for improving core strength [101].

The importance of core stability and muscular strength was emphasised by research which had
reported that a slumped sitting posture involving lumbar flexion, resulted in a lower activation of the
core muscles such as the lumbar multifidus, iliocostalis lumborum pars thoracis and the transverse
fibers of internal oblique [102]. Consequently the muscles become weaker which negatively impacts
upon the ability to maintain an upright posture [103]. This is because the intervertebral discs are
composed of the annulus fibrosus, which connects the spinal vertebrae above and below the disk [104].
The annulus fibrosus requires a highly structured organisation involving aligned collagen fibres within
the transverse axis of the spine, which forms an angle-ply laminate structure [105]. However, when
the intervertebral disk degenerates the annulus fibrosus becomes unorganised, which can result in low
back pain [106]. This is due to mechanical and structural problems such as tears and delamination [107],
as the annulus fibrosus distributes force on the intervertebral discs to prevent the gelatinous material
in the soft inner core of the intervertebral disc from leaking out [104].

Patients with low back pain adopt a sitting posture with significantly more lumbar flexion than
those without low back pain [108,109]. Therefore this suggested a relationship between a poor sitting
posture and low back pain, and highlighted the importance of improving core strength and stability [86]
to support an upright sitting posture. In contrast no relationship was reported between low back pain
and lumbar flexion when sitting in 170 female undergraduate nursing students, with either minor or
significant low back pain or without lower back pain [110]. However this study involved only female
participants, and males had been shown to be more associated with lumbar flexion when sitting, with
an average of 12.2˝ more flexion than females [103].

A 12-month exercise programme focused on increasing control of the lumbar neutral zone [23]
and involved 106 middle aged working men who had a reported episode of non-specific low back pain
within the previous 3 months, but did not have severe disability. The participants exercised twice a
week undergoing exercises which aimed to improve lumbar stability, such as abdominal curl up with
slight rotation and squat exercises. This exercise programme was combined with educating the patients
on back pain and providing training on correct techniques for lifting. Low back pain significantly
decreased by 39%, suggesting exercises focusing on lumbar stability combined with education to be
effective at reducing low back pain. However it was suggested that the participants may have reported
a reduced lower back pain as they knew they were involved in the intervention group and therefore
expected to experience less back pain [23].

A muscular strength 8-week intervention programme involving 47 women with NSCLBP [20]
investigated the effect of different angles of inversion traction on muscular strength and NSCLBP.
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The study reported that the inversion ´30˝ group and inversion ´60˝ group was more effective at
reducing NSCLBP, and improving core muscular strength than the supine group. NSCLBP significantly
reduced by 61.6% in both the inversion ´30˝ group and inversion ´60˝ group, compared to 34.9%
in the supine group. In addition extensor back muscle strength was also found to increase by 22.5%
(inversion ´30˝ group) and 47% (inversion ´60˝ group), however muscular strength was found to
reduce by 6% in the supine group. This suggested that another factor other than muscular strength
influenced the decrease in back pain for the supine group.

Trunk extension flexibility was also shown to improve in all three groups. However the biggest
increase of 22% was reported in the inversion ´60˝ group compared to an increase of 13.3% in the
inversion ´30˝ group, and 4.8% in the supine group. This suggested that a range of factors are
responsible for the decrease in NSCLBP, and indicates that a general intervention programme focusing
on a range of different areas of fitness is important for NSCLBP rehabilitation.

A 4-week core muscular strength programme (control group) was compared to a core stability
programme in addition to core muscular strength exercises (experimental group), in 160 patients with
NSCLBP [22]. NSCLBP significantly reduced in the experimental group by 35% compared to 14% in the
control group. The results suggested that an intervention programme for NSCLBP which incorporates
both core stability and core muscular strength exercises, is more effective at reducing NSCLBP than
muscular strength exercises alone.

Four variables exist which may determine the success of a stabilisation exercise programme for
CLBP [94]. The four variables include age as participants under the age of 40 have been shown to
have higher odds by 3.7 of the stabilisation treatment being a success, an active straight leg raise test
higher than 91˝, the presence of aberrant movement during lumbar range of motion and a positive
prone instability test. Three or more of the four named variables being present is a predictor for
the stabilisation exercise programme being successful in reducing CLBP. Therefore it is important
to consider the four variables when designing an intervention programme involving stabilisation
exercises for CLBP.

Finally, a 15-item questionnaire on clinical instability has been identified [111], which revealed
whether patients with NSCLBP respond better to motor control exercises to increase the activation of
muscles, including the transversus abdominis, multifidus, and pelvic-floor muscles, or graded activity
involving submaximal exercises to increase exercise tolerance. This suggests the questionnaire can help
to identify the most effective form of rehabilitation for NSCLBP patients. See Table 2 for a summary of
each of the discussed muscular strength and stabilisation intervention programmes.
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4.2.2. Summary

Increasing the strength of deep abdominal muscles and improving the stabilisation of the spine
is effective at reducing NSCLBP. A core stabilisation programme combined with muscular strength
should be considered for NSCLBP patients, as this was shown to be more effective than core muscular
strength exercises alone [22]. This suggested a more general programme as opposed to focusing on
one particular area of fitness to be more effective at reducing NSCLBP.

4.3. Flexibility Training

Stretching the soft tissues in the back, legs and buttock such as the hamstrings, erector muscles of
the spine and hip flexor muscles, ligaments and tendons can help to mobilise the spine, and an increase
in the range of motion of the spine can assist back pain [112]. This is because stretching can improve
the flexibility of the muscle-tendons and ligaments in the back, which is important to increase the range
of motion of the joints [113].Therefore an improved range of motion assists with patients’ movement
and ability to complete activities of daily living, as most everyday tasks such as lifting and bending
require trunk flexion, which involves a complex movement combining lumbar and hip motion [114].
Also stretching exercises decrease the muscle stiffness as a result of changes in viscoelastic properties,
due to the decreased actin-myosin cross-bridges and the reflex muscle inhibition [113].

According to the pelvic cross syndrome theory, muscle abnormalities in the postural muscles such
as a decreased flexibility and shortening of the hip flexor and back extensor muscles, can result in
additional mechanical stress to the joints and soft tissue of the lumbar spine, and can cause lumbar
lordosis [87]. Lumbar lordosis is an excessive inward curving of the lumbar spine [115], as a weakening
of the abdominal muscles can tilt the pelvis posteriorly, and can result in CLBP [116,117]. In addition the
pelvic cross syndrome theory states that hamstring muscle shortening is also important in controlling
lumbar lordosis [87]. Hamstring muscle shortening reduces the hip flexion range of motion due
to being attached to the posterior leg and the ischial tuberosity, which can affect the lumbopelvic
movement during forward bending and can cause low back pain [114].

Flexibility exercises are often used in exercise rehabilitation programmes as they have been shown
to be effective at reducing the pain associated with CLBP [25,27]. However CLBP patients must be
careful not to perform exercises that result in pain, especially when stretching the flexors and extensors
of the trunk and hips [50].

4.3.1. Flexibility Programmes

A 4-week intervention programme involving 40 female NSCLBP patients between 45 and
65 years [27] included 10 exercises for the lumbo-pelvic spine to improve the lumbar flexibility
and stability. The exercises were completed in positions which were non-weight bearing such as
in a supine position, side lying and prone and were completed twice a week with 10 repetitions of
each exercise.

The study reported a 54% significant increase for lumbar flexion and 98% for lumbar extension.
Back pain also significantly improved by 58%. The results suggested that completing exercises
to improve lumbar flexion and extension is important in reducing NSCLBP in women. This is
because during the baseline measurements lumbar flexion was found to be correlated with back pain
(r = ´0.581). However these results cannot be generalised to men.

Lumbar extension exercises can reduce tension in the posterior annular fibers, and alter intradiscal
pressure which allows anterior migration of the nucleus pulposus [115] which is important for the
vertebral disc to withstand compression [118]. In addition lumbar flexion exercises stretch the hip
flexors and lumbar extensors, and decrease the compressive forces on the posterior disc [115].

A further study researched the effect of a 6-week Pilates programme on hamstring and lower
back flexibility and CLBP [25]. The study involved 34 NSCLBP patients aged 18–60 years, and were
randomly assigned to either the Pilates group or the control group. The Pilates exercises were completed
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during a one hour class each week taught by a certified Pilates Institute Instructor, and two 30 min
sessions each week at home without any supervision. The control group did not participate in the
Pilates exercises and continued with their normal PA levels.

The study identified that flexibility significantly increased by 52.9% in the Pilates group,
compared to a 7.8% increase in the control group which was not significantly different. Back pain also
significantly decreased by 18.5% in the Pilates group, and there was no change in the back pain for the
patients in the control group. The results suggested that Pilates exercises can significantly improve
back pain and hamstring and lower back flexibility for NSCLBP patients.

The relationship between low back pain, lumbar flexion and hamstring flexibility was researched
in a study involving 26 male University rowers who participated in rowing training six times a
week [119]. Participants were assigned into groups according to whether they were currently suffering
from low back pain (acute, sub-acute or chronic), had suffered from low back pain at some point in
their lives or had never suffered from low back pain.

The study reported that the participants with current low back pain (11 participants) had a
significantly reduced lumbar flexion compared to the participants without current low back pain
(15 participants). However no significant difference was identified in hamstring flexibility between
the two groups. In addition no significant difference was identified in lumbar flexion or hamstring
flexibility between the participants who had experienced low back pain at some point in their lives
(21 participants), or had not experienced low back pain (5 participants).

The results suggested that hamstring flexibility was not associated with low back pain occurrence,
and therefore improving hamstring flexibility is not important for preventing low back pain or for
an intervention programme for a patient with low back pain. Although, the results did highlight the
importance of improving lumbar flexion for patients with current low back pain, and also suggested
that a reduced lumbar flexion is an important factor for an occurrence of low back pain.

However the study [119] did not specifically focus on CLBP patients as the participants reported
any experiences of low back pain, current or previous, and therefore could have included a range
of acute, sub-acute or CLBP. In addition, the results from the study were in contrast to findings
previously discussed [25], which suggested that improving hamstring flexibility is important for
reducing NSCLBP.

A 3-month intervention programme for 86 NSCLBP patients [26] investigated the effects of
progressive therapeutic exercise on spinal and muscle flexibility and back pain by dividing the patients
into three groups: intensive training group, home exercise group and the control group. Follow up
measurements at 6 and 12 months after baseline tests was also conducted. The intensive training
group and home exercise group completed seven exercises for various parts of the body using either
gym equipment, such as pulleys and bar bells (intensive training group) or without the use of extra
equipment (home exercise group). The control group maintained their normal PA levels throughout
the duration of the study and did not participate in an organised exercise programme. However no
information was provided on which exercises were completed.

Back pain significantly decreased post intervention by 44% in the intensive training group, 32% in
the home exercise group and 39% in the control group. The 6-month follow up identified that back
pain had decreased further in the home exercise group to a 47% reduction which was significantly
different to baseline. The intensive training group which increased compared to post intervention to a
32% reduction compared to baseline, although this was still significantly different. The control group
also increased compared to post intervention to 28% and was not significantly different to baseline.

The flexibility of the hamstrings significantly increased at post intervention from 87˝–90˝ in the
intensive training group and 83˝–87˝ in the home exercise group. However at the 12-month follow up
hamstring flexibility had reduced to 83˝ in the intensive training group and 82˝ in the home exercise
group. This suggests the importance of maintaining exercise which is aimed at improving flexibility,
as both exercise groups lost the improved degree of hamstring flexibility. Although there was no
correlation between back pain and flexibility which suggested the importance of other factors on back
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pain, such as an increase in core strength and aerobic fitness [16,19,23]. However the study [26] did
not measure core strength or aerobic fitness. In addition the study [26] suggested improving flexibility
could be important for preventing CLBP from occurring, as opposed to using exercises to improve
flexibility as a rehabilitation from CLBP. See Table 3 for a summary of each of the discussed flexibility
intervention programmes.

Table 3. Flexibility intervention programmes for NSCLBP patients.

Reference Number Type of Population Length of Intervention Effect on Back Pain Significance Levels

(Masharawi & Nadaf, 2013) [27] 40 female NSCLBP patients
between 45 and 65 years

Study group: Activities of daily
living guidance and a 45 min
group exercise session aimed at
improving lumbar flexibility and
stability. Exercise session was
completed twice a week for 4
weeks with 10 repetitions of each
exercise. Control group: Activities
of daily living guidance only

Visual Analogue Scale.
Study group: 58% significant
improvement following
intervention. Control group:
no significant change

p < 0.001

(Gladwell et al., 2006) [25] 34 NSCLBP patients aged
18–60 years

Pilates group: Completed Pilates
exercises during a one hour class
each week for 6 weeks, and two 30
min sessions each week at home
without any supervision. Control
group: Did not participate in the
Pilates exercises and continued
with their normal PA levels

Visual Analog Scale. Pilates
group: 18.5% significant
decrease following
intervention. Control group:
No significant difference. No
gender/age differences in
results

p < 0.05

(Kuukkanen & Malkia, 2006) [26] 86 NSCLBP patients

Intensive training group and
home exercise group completed
3-month intervention programme:
7 exercises for various parts of the
body using either gym equipment,
such as pulleys and bar bells
(intensive training group) or
without the use of extra
equipment (home exercise group).
Control group: Maintained their
normal PA levels and did not
participate in an organised
exercise programme

Intensive training: 44%
significant reduction post
intervention. Control: 39%
significant reduction post
intervention. Home exercise:
32% significant reduction
post intervention. No
gender/age differences in
results

p < 0.05

4.3.2. Summary

Improving the flexibility of the lumbar spine and hamstrings can significantly reduce CLBP by
18.5%–58% [25,27]. This suggests the importance of including flexibility exercises in an intervention
programme for CLBP patients. However no association between hamstring flexibility and low back
pain was identified in male University rowers [119].

An improvement in lumbar flexibility can increase the range of motion of the spine, which can
help to reduce back pain and assist with movement [112]. Hamstring muscle shortening reduces the
hip flexion range of motion which impacts upon the lumbopelvic movement [114], and a decrease in
the flexibility of the hip flexor and back extensor muscles can lead to lumbar lordosis, which can result
in low back pain [87]. Therefore including lumbar flexion exercises in an intervention programme for
CLBP is important, as lumbar flexion exercises stretch the hip flexors and lumbar extensors [115].

5. Conclusions

Exercise intervention programmes involving either muscular strength, flexibility or aerobic fitness
is beneficial for NSCLBP but not acute low back pain. Non-specific acute low back pain patients
recover in 4–6 weeks with or without a treatment [5], and exercising should be avoided to reduce the
swelling of the affected area [39].

NSCLBP is multi factorial in nature [110,120], and no single exercise programme is optimal for all
NSCLBP patients [50]. In addition, the most appropriate specific intervention for a NSCLBP patient is
often unclear [12], and NSCLBP pain should not been considered as a homogenous condition meaning
all cases are identical [121]. This suggests that a specific intervention programme focusing on one
area of fitness for a group of NSCLBP patients may not be appropriate. This is a limitation of this
review as the NSCLBP patients in the included studies may have responded differently to the exercise
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interventions. Consequently, a general exercise programme which combines muscular strength,
flexibility and aerobic fitness would be beneficial for rehabilitation of NSCLBP. Further research is
needed into the benefits of a combined exercise intervention programme involving muscular strength,
flexibility and aerobic fitness for NSCLBP patients, as the literature has supported the use of each of
these fitness areas individually, but more research should be conducted combining all three.
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Abstract: Study Design: A controlled and retrospective study of 144 chronic low back pain
patients to evaluate the effectiveness of an intensive functional restoration program in France.
Objective: Evaluating the efficiency of an intensive, dynamic and multidisciplinary functional
restoration program in patients with chronic low back pain (LBP), during 6 and 12 months follow
up. Summary of background data: Chronic low back pain disease has a multifactor nature, involving
physical, psychological professional and social factors. A functional restoration program (FRP)
has been included in a multidisciplinary training program which provides an efficient therapeutic
solution. However, the effectiveness of an FRP has not been yet established. Methods: 144 subjects
(71 males, 73 females) with chronic low back pain were included in a functional restoration program.
The FRP includes physiotherapy and occupational therapy interventions together with psychological
counselling. Patients participated as in- or outpatients 6 h per day, 5 days a week over 5 weeks.
Pain intensity, trunk flexibility, trunk strength, lifting ability, quality of life and return to work
were recorded before, immediately after, and at 6 months and 12 months after the treatment period.
Results: All outcome measures were significantly higher just after the FRP (144 patients) and at 6
and 12 months (from available data in 31 subjects) compared to pre-treatment values. This FRP for
chronic low back pain maintained its benefits whatever the patient’s activities. Conclusions: The effects
reflected on all outcome measures, both on short and long term follow-up. The multidisciplinary
FRP for chronic low back pain patients durably stopped the de-conditioning syndrome and involved
new life-style habits for the patient, daily pain management and a return to work.

Keywords: chronic low back pain; functional restoration program; de-conditioning syndrome;
short term and long term follow-up

1. Introduction

In many countries, industrialisation has been instrumental in the development of musculoskeletal
disorders, of which low back pain (LBP) is the most common and expensive [1,2]. Thus, today,
LBP remains a public health issue. About 60% to 80% of the population in the western world will
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experience low back pain at some stage in life. The main low back pain subjects (90%) will recover
in 6 weeks without any intervention, while some of the sufferers will report pain at 3 months (5% to
10%) [3]. There appears to be a trend toward chronic low back pain [4,5]. The multi-factorial nature of
chronic low back pain, including physical, functional, psychological, professional and social factors,
is now acknowledged [6].

Chronic low back pain (CLBP) programs have been developed during the past two decades [7–12],
based on the concept developed by Tom Mayer and Robert J. Gatchel: the deconditoning syndrome [13,
14]. These programs have had significant results [15–21], so the exercise therapy program included
daily global reconditioning activities, and the objective was to improve some aspects of health-related
quality of life in addition to reducing pain and improving function. Include multidisciplinary
interventions with the objective of resuming activities and returning to work. A functional restoration
program (FRP) was first introduced in France by Vanvelcenaher et al. at the end of the 20th
century [22,23]. The evaluation of such programs includes the cost-effectiveness factor and requires
long-term follow-up. Thus, several cohorts of CLBP patients with a functional restoration program
treatment have been surveyed in a re-education and rehabilitation structure since 2000.

Hence, the aim of this present paper was to assess the short and long term effectiveness of a
French-specific RFP. More precisely, the objective of this follow up was to evaluate the efficiency of a 6
and 12 month intensive, dynamic and multidisciplinary functional restoration program in patients
with chronic low back pain (CLBP).

2. Materials and Methods

2.1. Study Design

The study was designed as a controlled, retrospective and non-randomized study in chronic low
back pain patients to evaluate the effectiveness of an intensive functional restoration program.

2.2. Study Population

A total of 144 CLBP subjects (71 females, 73 males) of the eligible patients referred by their general
practitioner or medical specialist were included in the FRP of a re-education and rehabilitation centre.
All 144 subjects participated in the 5 coverage weeks. A total of 31 subjects correspond to the patients
who have participated in all the evaluations. Low back pain patients fit for following a reconditioning
program have been included in this protocol. Employees, the intermediate professions and the working
class are the socioprofessional classes dominant in low back pain populations. 61% of the 31 patients
do not practice any physical activity. Of the others, half practice regular activity (twice or more/week),
and half practice occasional activity. Among the 31 patients taking part in the study, 38% have an IMC
> 25, among those, only two subject have an IMC > 30.

The inclusion criteria were: aged between 18 and 65 years, presence of CLBP or lumbo
radiculalgy existing for at least 3 months according to the criteria of the French health evaluation
agency [24], suffering from the deconditioning syndrome (loss of flexibility, muscular strength or daily
capability). Exclusion criteria were: secondary LBP; osteoarthritis or neurological disease precluding
physical exercise; cardiac and/or pulmonary conditions (diagnosed after cyclo ergometer stress tests);
psychiatric disorders incompatible with the participation in a group program; secondary profits
(financial interest); severe addiction to drugs, narcotics, or alcohol, and finally pregnancy. In our
protocol, 15 subjects were excluded.

2.3. Interventions

The intervention included participation in a FRP. The FRP, imported from the American
rehabilitation institute of Dallas for Ergonomics (PRIDE), was standardised and proposed by a
rehabilitation centre. This program included a multidisciplinary team of physicians, physiotherapists,
occupational therapists, psychotherapists, sports therapists and social workers. The FRP involves
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the treatment of low back pain with a primary focus on return of function [25], rather than simply
suppressing pain. Patients in RFP have to tolerate some temporary discomfort while participating in
sports medicine, and detoxifying from habit-forming narcotic medication. The patients’ active role
and motivation is essential to make a success of this rehabilitation program. The patients trained 6 h a
day over 5 weeks, 5 days a week with complete or outpatient hospitalization.

The physical program consisted of muscle-strengthening (for the trunk, lower and upper limbs),
cardiovascular exercises, stretching and proprioceptive practice.

A physiotherapist supervised the performed exercises and adjusted the exercise intensity to each
CLBP patient. During the first week, patients learned muscular warm-up and stretching techniques,
improved their flexibility and performed cardio-respiratory exercises. During the second week,
patients began muscular-strengthening exercises. During the third week, muscular-strengthening
increased with endurance exercises. Patients performed weightlifting as well as proprioception and
coordination exercises. During the fourth and the fifth weeks, the intensity of strengthening exercises
increased progressively.

The endurance training (cycling) was adapted to each patient’s heart rate and to the exercise stress
test performed before the program. The training program (cycling) was individualized according to
heart rate and was intermittent in nature. It consisted of several series of low- or moderate-intensity
exercises alternated with active recovery periods. In order to adapt the protocol to the exercise therapy
program constraints, the subjects were trained for 21 min, by alternating 3 min at 70% and 3 min at
85% of peak heart rate (peak heart rate = 220-age).

The CLBP patients also received ergonomic care and performed work simulations during
occupational therapy sessions.

Patients were referred to the psychologist at least once in the first week and for further treatment
if necessary.

In order to prepare the patients’ return to work, the social workers made contact with appropriate
authorities. In this way, they could envisage the conditions for resumption of work (a full-time
or part-time job, part-time work on medical grounds, an adapted workstation, disabled worker
redeployment).

Each week, the patients attended a clinic with the specialist in physical medicine rehabilitation,
who was the medical supervisor of the program.

2.4. Outcome Measures

The FRP was based on five evaluations: before the program (T1), at the beginning (T0),
immediately after the 5 weeks of the RFP (T5 weeks), and at 6 and 12 month (T6mo, T12mo)
follow-up visits.

Demographic Data and Clinical Characteristics: For each patient, the age, weight, height, gender,
duration of complaints and disability, history of back surgery, sick leave duration, practice of physical
and sports activities and tobacco consumption were recorded (Table 1).
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Table 1. Demographic data and clinical characteristics before rehabilitation.

Male (n = 73) Female (n = 71) p Total

Age (yrs) 41.3 ˘ 8.5 42.4 ˘ 9,2 0.415 41.9 ˘ 8.8
Mass (kg) 84.4 ˘ 13 63.8 ˘ 11,1 p < 0.001 74 ˘ 15.9

Height (cm) 1.78 ˘ 6.8 1.64 ˘ 6.2 p < 0.001 1.71 ˘ 0.1
BMI (Kg/m2) 26.4 ˘ 3.8 23.6 ˘ 4 p < 0.001 25 ˘ 4.1

Sick leave prior to inclusion (weeks) 38.7 ˘ 38.9 29.6 ˘ 39.3 0.069 33.1 ˘ 39.1
Length of ongoing back pain (mo) 79 ˘ 61 70 ˘ 61 0.352 74 ˘ 63

History of spinal surgery 16 21 0.481 37
Smokers (cigarettes/day) 9 ˘ 13 4 ˘ 7 0.055 6 ˘ 11

Leisure time Sport and physical
Activity: twice or more a week 14 14 0.059 21

Average time of inclusion in FRP (mo) 5 ˘ 3 5 ˘ 4 0.857 5 ˘ 3
Pain (VAS, mm) 49 ˘ 18 48 ˘ 22 0.546 49 ˘ 20

FTF distance (cm) 18 ˘ 14 10 ˘ 12 p < 0.001 14 ˘ 14

Values are mean ˘ SD (range) or percentage. BMI = Body Mass Index; VAS = visual analogue scale; FTF = finger
to floor.

Pain Intensity: A 100-mm long visual analogue scale (VAS) with “no pain” on the left side and
“unbearable pain”on the right side was used. Relevance, validity, and reliability have been sufficiently
tested for patients with CLPB [26–28].

Trunk Flexibility: Finger-to-floor distance (FTF) was used to evaluate flexibility [29].
Trunk Strength: The strength of the trunk flexors and extensors was evaluated by using

standardized iso-kinetic and iso-inertial lifting performance measurements on the Cybex Norm.
Reciprocal concentric trunk flexion and extension peak torque values at different angular velocities
using the Cybex NORM Trunk Modular Component™ isokinetic dynamometer were assessed at 30
degrees/s 60 degrees/s and 90 degrees/s angular velocities [30,31]. The iso-kinetic measurements
used were peak torque (PT), work, power-in the best repetition and total work (TW).

Muscle strength assessment by isokinetic dynamometer was carried out with a Cybex Norm.
The spinal flexors and extensors are concentrically explored at speeds of 60 degrees/s and 90 degrees/s.
The parameters studied were peak torque (PT), work, power in the best repetition and total work (TW).

Lifting Ability: The Progressive Iso-Inertial Lifting Evaluation (PILE) test evaluates the lifting
ability of the CLBP patients [32].

Quality of life: The self-administrated Dallas Pain Questionnaire (DPQ) assesses the impact of the
chronic low back pain in four aspects of the patients’ life: daily activities, work and leisure activities,
perceived anxiety-depression, and sociability [33].

Working ability: Working ability was analysed by the social workers’ questionnaire to inform the
duration to return to work, work status.

2.5. Statistical Analyses

The statistical analysis was performed with sigma Stat version 2.03. The evolution of FTF, VAS,
PILE, DPQ and trunk strength scores between men and women at T0 and T5 weeks were analysed
by using a “t” test or a two way ANOVA. The results from post-treatment (T5 weeks) and follow-up
sessions (T6mo, T12mo) were compared to the pre-treatment results (T0). Paired “t” test and repeated
measure ANOVA were used to test differences over time for each variable.

3. Results

3.1. Pre-Treatment Characteristics

One hundred and forty-four patients (71 women, 73 men) were included in the trial. The mean
age was 41.9 years. 31 patients (22%) performed all the tests. 144 patients performed only the pre-
and post-tests.

Regarding the demographic data and to the clinical characteristics (Table 1), no statistically
significant difference was found between men and women concerning age, sick leave prior to inclusion,
length of ongoing back pain, sporting and physical activities, average time of inclusion in the FRP and
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pain. Although the men were taller, heavier and had a higher BMI (p < 0.001) and higher lifting results,
their flexibility was less than women’s. Men were also heavier smokers in comparison with women.

Regarding the percentages of the clinical characteristics before the FRP (Table 2), nearly half of the
population (46%) of the CLBP patients was overweight (BMI > 25), a third smokers, 19.4% practiced a
sport or a physical activity twice a week, or more and a third had a history of spinal surgery (32%).

Table 2. Male and female percentages of clinical characteristics before rehabilitation.

Male (n = 73) Female (n = 71) Mean

BMI > 25 (%) 55 37 46
History of spinal surgery (%) 34 30 32

Smokers (%) 33 28 31
Leisure time Sport and physical

Activity: twice or more a week (%) 19 20 19.4

The percentages above refer to the percentage of men and women that answered the questions.

3.2. Evolution after Treatment

Significant improvements were found in physical performances (trunk strength, FFD, PILE),
and working ability after the treatment, compared to before (p < 0.001). This improvement was
maintained at the 6 and 12 month follow-ups. The FRP considerably increased trunk strength,
but principally the strength of the trunk extensors: maximal force, endurance force and speed force
(Table 3).

Table 3. Short term (n = 144) and long term (n = 31) effects of the FRP on physical, psychological and
occupational measures in CLBP patients.

Short Term Effects of FRP (n = 144) Long Term Effects of FRP (n = 31)

Variable T0 T5 weeks
p value for
time effect

T5 weeks T6mo T12mo
p value for
time effect

Pain (VAS, mm) 50 ˘ 22 27 ˘ 21 p < 0.001 23 ˘ 13 26 ˘ 22 25 ˘ 22 0.585
FTF distance (cm) 13 ˘ 15 -6 ˘ 8 p < 0.001 -6 ˘ 9 -3 ˘ 10 -2 ˘ 10 0.252
PILE (% of mass) 25 ˘ 12 44 ˘ 15 p < 0.001 45 ˘ 16 41 ˘ 14 39 ˘ 13 0.254

DPQ daily activities (%) 75 ˘ 11 47 ˘ 26 p < 0.001 51 ˘ 28 59 ˘ 30 56 ˘ 32 0.874
DPQ work and leisure (%) 68 ˘ 16 43 ˘ 27 p < 0.001 49 ˘ 29 59 ˘ 32 58 ˘ 35 0.798

DPQ anxiety and depression (%) 46 ˘ 20 29 ˘ 26 p < 0.05 30 ˘ 22 49 ˘ 27 50 ˘ 26 0.265
DPQ sociability (%) 27 ˘ 18 28 ˘ 24 0.958 35 ˘ 25 39 ˘ 25 38 ˘ 32 0.968

Trunk strength 30˝ sec (ratios
F/E, % of body weight) 1.09 ˘ 0.28 0.86 ˘ 0.18 p < 0.001 0.83 ˘ 0.18 0.83 ˘ 0.19 0.89 ˘ 0.26 0.503

Trunk strength 120˝ sec (ratios
F/E, % of body weight) 1.56 ˘ 1.19 1.07 ˘ 0.43 p < 0.001 1.25 ˘ 0.62 1.10 ˘ 0.27 1.06 ˘ 0.36 0.926

Extensors Trunk strength,
maximal force 30˝sec (peak
torque, % of body weight)

222 ˘ 81 307 ˘ 89 p < 0.001 318 ˘ 98 306 ˘ 94 301 ˘ 103 0.831

Extensors Trunk strength,
endurance force 120˝sec (total

work, % of body weight)
104 ˘ 63 211 ˘ 70 p < 0.001 209 ˘ 89 186 ˘ 72 184 ˘ 69 0.182

Extensors Trunk strength, speed
force 90˝sec (power, % of mass) 128 ˘ 69 236 ˘ 80 p < 0.001 230 ˘ 87 219 ˘ 91 224 ˘ 91 0.898

VAS = Visual Analogue Scale; FTF = Finger To Floor; PILE = Progressive Iso-inertial Lifting Evaluation;
DPQ = Dallas Pain Questionnaire; ratios F/E = ratio Flexors/ Extensors.

Pain severity on VAS and every score on the DPQ except for the social interest score were
significantly lower at T5 weeks than at T0. The results remained stable at the 6 and 12 month
follow-up periods.

The majority of the CLBP patients considered their physical fitness to be improved. Indeed, after
the FRP, 81% of the CLBP patients return to work (57% without special facilities and 24% with special
facilities). Two-thirds of the patients returned to work after an average of one month.

4. Discussion

Our study was as a controlled, retrospective and non-randomized study in chronic low back
pain patients. Our main objective was to assess the effectiveness of an intensive functional restoration
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program and show the medium- and long-term efficiency. We studied a homogeneous population
of 144 CLBP patients living in the same area of France comprising a majority of employees. A total
of 81% of the CLPB patients in our study returned to work, 57% without special facilities and 24%
with such facilities (a part-time job, part-time work on medical grounds, adapted workstation, etc.).
Similar results were found in a systematic review by Guzman et al. [7]. These authors found strong
evidence that intensive interdisciplinary rehabilitation with functional restoration reduces pain and
improves function in patients with CLBP significantly more than less intensive programs or usual care.
The cost-comparison savings data in a study by Mayer et al. [13] were quite impressive: a less intensive
program cost twice as much as the FRP over a 1-year period because the treatment-as-usual group had
five times as many patient visits to health-care professionals and higher rates of recurrence or injury.

In the last few years, the outcome and cost effectiveness of intensive functional restoration
programs have been studied because of their high costs for the health care system [34,35]. For example,
the average overall cost per patient in France is 15,000 €, the largest part being indirect costs because of
sick leave payments [36]. Most studies consider the main outcome to be return to work and/or the
numbers of days of sick leave taken [37–40].

57% of the study patients were working full time in their former jobs after the end of the FRP
(Table 4). This is consistent with the results found by Keel et al [21] after a reconditioning program
similar to ours. At the end of the program, 60% of the patients returned to work. Waldburger et al. [41]
found that 66% of 50 patients returned to work after a reconditioning program. In the United States,
with a reconditioning program similar to ours, full time return-to-work rates ranged from 70% to
80% [37]. These better results could be linked to the more limited unemployment benefits available in
the United States than in Europe, so that reconditioning is often the patient’s only chance to maintain
an income [40].

Table 4. Return to work after 5 weeks of FRP.

Mean

Return to work without facilitation (%) 57
Return to work with facilitations (%) 24

No return to work (%) 19
Average time to return to work (days) 30 ˘ 59

In this study, the direct effectiveness of the FRP was assessed by clinical, physical, functional
and psychosocial data [42]. The FRP was effective both for males and females in reducing back pain
intensity, functional disability and in improving their quality of life, flexibility and trunk strength
between T0 and T5 weeks (Table 5). Moreover, these results were maintained at T6mo and T12mo.
Nevertheless, some significant differences in values at T5 weeks may be noticed between male and
female subjects. These differences could be linked to muscular force assessed in the PILE and isokinetic
tests. Thus, the present results could be analysed without differentiation between genders, according
to Gagnon et al. [12].

Physical parameter values were significantly higher at T5 weeks (Table 3). Before the FRP, all the
CLBP patients suffered from a lack of endurance force, speed force and maximal force of back extensors.
The decreased endurance of back extensors is considered to be a risk factor for CLPB [43]. After the
five-week intensive functional program, all the types of back extensor strength were significantly
higher than in T0 (Table 3). Thus, at the end of the program, regarding the flexor–extensor ratios,
trunk extensors became stronger than the flexors, as shown in the literature [44]. Isokinetic training
could explain the back strength recovery in providing feedback to patients on their performance
level and in quantifying their progress. Table 5 outlines the descriptive values for strength and
identifies a significant gender effect in all relative strength values (p < 0.001), in accordance with
other results [45]. Although differences between males and females were noticed, the same functional
restoration program may be proposed as it will not disturb individual improvement, which represents
the main objective of the FRP. Moreover, it could also improve personal, motivation and sociability.
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At the end of the FRP, the CLBP patients in the present study recovered 75% of the isokinetic
values at 30 ˝/s (peak torque, % of body weight), 55% at 120 ˝/s (power, % of body weight) at T5 weeks
and 73% and 47% respectively at T6mo of the standard values reported by Vanvelcenaher et al. [23] in
a previous study. In the latter, strength of the back extensors was measured in a healthy population
aged between 25 and 30. These results could partly be explained both by the young age of the healthy
population, while the mean age of our population was nearly 42 years old, and furthermore by their
leisure time and physical activities. Stevenson et al. [6] also advanced the hypothesis of an association
between muscle fiber type at the lumbar sites (reduced slow twitch fibers, type I) and LBP.

The FTF distance was significantly reduced after the FRP program. The improvement in
flexibility could be the result of the frequency and the duration of stretching exercises performed
every day in various forms: passive training with the physiotherapist, active training on an isokinetic
machine, collective and active training during stretching sessions, and collective and active training in
balneotherapy. Sessions of relaxation therapy and occupational therapy are also efficient in improving
flexibility, alleviating distress and managing pain [46]. Recently, Mc Geary et al. highlighted the
role of pain intensity and reported that high pain intensities before the program are often associated
with bad outcomes both in LBP and other musculoskeletal diseases [47]. In our study, 75% of the
CLBP patients evaluated their pain between 25 and 75 at T0 when 52% of the patients were painless
(VAS < 25) at T5 weeks. Furthermore, pain regression was similar both in male and female subjects.
Nevertheless, the findings of previous studies suggest analysing men and women separately in trials
concerning pain treatment, because of different responses to pain treatments between genders [48].
Moreover, pain regression is not dependent on the endorphinic or opioïde effect but is due to repetitive
rhythmic movements involving antagonist muscles used in the same manner, with increased local
cellular metabolism.

In the present study, psychosocial measures were significantly improved (Tables 3 and 5).
The reduction of subjective feelings of disability and of general emotional distress is decisive in
enabling a successful return to work. DPQ scores improved significantly after the FRP and the benefits
were maintained over the medium and long term. The improvement in DPQ daily activities, together
with work and leisure activities could be related to the self-reported ability to resume work and leisure
activities and to the decline of fears concerning physical and work activities.

In this study, it would have been interesting to learn about good and bad prognostic factors;
however, this was not possible. In a future investigation, we plan to compare our results with those
of a control group and to calculate correlation to the modalities included and the dose of therapy
applied in order to increase our understanding of the physical therapy benefits for chronic low back
pain patients.

5. Conclusions

An intensive and multidisciplinary functional restoration program seems to stop the
deconditioning syndrome (medium and long term effects) in CLBP and to improve functional, physical
and psychosocial values. The stabilization of these values would depend on the active way of life of the
subjects after the treatment. FRP would teach the CLBP patient new lifestyle habits, daily management
of pain and a return to work.

The reluctance of third–party payers to authorize the use of intensive interdisciplinary
rehabilitation with functional restoration is due to its perceived high cost. This study confirms
that such perceptions are misguided and incorrect in terms of the potential long-term cost savings of
such programs.
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Abstract: Chronic low back pain is one of the major health problems in the U.S., resulting in a large
number of years of disability. To address the biopsychosocial nature of pain, interdisciplinary pain
programs provide integrated interventions by an interdisciplinary team in a unified setting with
unified goals. This study examined outcomes of an interdisciplinary program located at two sites with
different staff, yet with a unified model of treatment and documentation. Efficacy at the combined
sites was examined by comparing standard measures obtained upon admission to the program with
measures at completion of a 3–4 week long program for 393 patients with chronic low back pain
(CLBP). Repeated measures included pain severity, pain interference, efficacy of self-management
strategies, hours of activity, depression, ability to do ADLs, and physical endurance. All repeated
measures differed at the p < 0.001 level, with large effect sizes (0.66–0.85). Eighty-two percent of
graduates reported being “very much improved” or “much improved”. A second analyses provided
evidence that treatment effects were robust across sites with no differences (<0.001) found on five
of seven selected outcome measures. A third analysis found that number of days of treatment was
correlated on three of seven measures at the <0.01 level. However, the amount of variance explained
by days of treatment was under 5% on even the most highly correlated measure. These finding are
consistent with previous research and explore short-term effectiveness of treatment across treatment
sites and with variable duration of treatment.

Keywords: low back pain; interdisciplinary treatment; effectiveness; biopsychosocial;
outcome measures

1. Introduction

“Whenever I see my doctor for another visit; he seems to do the Michael Jackson moonwalk—I
can feel him backing out of the room at the same time he is walking in”. Patient with chronic pain.

This patient’s (probably accurate) perception captures the frustration of both healthcare providers
and patients facing chronic low back pain (CLBP). This subjective impression of being “stuck”
is reflected in the continued suffering and disability despite the high cost of ongoing healthcare.
As evidenced by recent reports by the Institute of Medicine [1,2], between $560 and $630 billion is spent
annually on direct and indirect costs of chronic pain. These costs continue, or may in fact increase,
despite advancements in pain medicine, in new pain medication, assessment of genotypes predicting
medication response [3], and new surgical and interventional procedures and devices, among others.
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As the most common type of musculoskeletal pain, low back pain continues to be a primary source of
disability, as evidenced in both emergency department and inpatient medical stays [4].

In an effort to better understand the problem of CLBP, some have suggested that the problem
is more accurately understood and more effectively treated by use of a biopsychosocial model [5].
The biopsychosocial understanding of pain suggests that perceived pain and ensuing disability result
from a complex array of factors interacting over time. This model suggests that success in the treatment
of chronic pain is diminished by a simplistic focus on medical intervention for nociception. In fact, some
recent literature indicates that CLBP is processed differently than acute back pain [6]. The present article
will review basic biopsychosocial issues impacting chronic low back pain, the use of interdisciplinary
programs as an appropriate treatment, and the results of a large prospective series of patients treated
with this type of program.

1.1. Psychosocial Factors

The role of psychosocial factors has been well documented in both the development of CLBP
and the resulting disability. These factors have been found to increase risk for acute low back
pain developing into chronic pain, and for increased risk of disability associated with low back
pain [7–9]. In addition, these factors adversely impact outcomes of both surgical intervention as well
as success of interventional technologies such as spinal cord stimulation or intrathecal pumps for pain
control [10–13].

A variety of psychosocial factors have been found to be of relevance [8,14]. Clinical assessment
often examines an array of factors [11]: contextual factors such as work related factors, co-occurring life
stressors, financial and social reinforcement for pain behavior and disability, and patterns of medical
practice, all of which impact outcomes. Other factors evaluated include psychosocial factors such as
depression and anxiety, as well as patient expectations, fear of movement (kinesiophobia), reactivity to
pain such as pain catastrophizing, and external locus of control. Information is often obtained through
both interview and psychometric testing.

In light of data indicating the impact of a biopsychosocial model, interventions based on these
factors are used with varying degrees of frequency and have become commonly recommended [15,16].
The most common nonsurgical or non-medication intervention has been physical therapy with most
patients being prescribed therapy at some point in their treatment. A second well-established approach
has been cognitive behavioral therapy (CBT) to address the psychosocial factors. [17,18].

1.2. Interdisciplinary Pain Management Programs

In light of the interactive nature of many factors using the biopsychosocial model, one response
has been the development of the interdisciplinary pain management program [19]. To address this
complex array of factors, interdisciplinary pain programs began to appear in the United States initially
led by John Bonica. Over the last 40 years, such pain programs have been created throughout the
United States. These programs have been described by a primary accreditation organization, CARF
International. They define a program in this way: “An interdisciplinary pain rehabilitation program
provides outcomes-focused, coordinated, goal-oriented interdisciplinary team services”. p.12 [20].
They include goals such as a reduction of impairment and activity limitations, while maximizing
quality of life.

These programs include multiple types of providers (physicians, psychologists, nurses,
occupational therapists, physical therapists) offering coordinated services “under one roof”, with
frequent communication through team meetings around a unified vision and goals. They utilize
standardized measurement of functioning of physical ability, pain and suffering, emotional distress,
utilization of medical resources, and functional activities of living. The model emphasizes the use of
structured supervised physical activation with treatment to change behavioral and social patterns
which have evolved from, and have changed, the patients’ experience of pain as well as their life
functioning. Treatment is designed to address the array of factors impacting patients’ pain, distress,
and subsequent disability. It is interesting that some of these factors are ones found by Pincus [8],
which predict chronicity/disability in prospective cohorts with low back pain.
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Over the last 30 years, the effectiveness of these programs has been extensively examined for
both treatment efficacy and cost-effectiveness [19,21–26]. Fullen et al. [27] documented effectiveness of
treatment of 553 patients with pain over an 8-year period of time. Chou and colleagues in 2009 [28],
in the American Pain Society’s Guidelines for Low Back Pain, gave a “strong” recommendation
for the use of interdisciplinary treatment and rated evidence as “high” quality. More recently,
a Cochrane System Review and meta-analysis found moderate-quality evidence of programs reducing
pain and disability [29]. When clinical efficacy and cost efficacy of interdisciplinary pain programs
were compared to conventional treatment [23,30], the programs resulted in greater pain reduction,
medication reduction, reduction of emotional distress, decreased health care utilization, reduction of
iatrogenic consequences, increased activity/return to work, and closure of disability claims. These same
reviews compared cost of interdisciplinary programs to surgical intervention, and conventional care
including the cost of initial treatment, subsequent surgery, medical treatment in the year following,
and lifetime disability. Interdisciplinary treatment was found to be nine times more cost-effective
than conservative treatment. Some studies have documented the economic cost of patients being
placed on waitlists for interdisciplinary pain facilities [24]. In addition to these group changes,
Federoff et al. [31] documented the efficacy of programs at the level of individuals, rather just on
a group basis. Significant variability was found in response to treatment, but no clear predictors of
response were found. In an extension of work by Morley [32], Smith et al. [33] repeated an analysis of
both group and individual response. They also found that outcomes changed when outcomes from
two different time sequences were compared.

Several issues warrant further exploration. First, few studies have examined the impact of
providing similar programs at multiple sites to see if effectiveness is similar in various treatment
settings. Second, the role of the duration of treatment has been explored in a limited fashion [34–36]
without evidence of strong effect of duration of treatment. Oslund et al. [36] in an unpublished
dissertation compared outcomes for patients with three levels of treatment: 120 h, 72 h, and 24 h.
It was found that patients with higher dysfunction pretreatment (i.e., greater number of hours resting
a day and high levels of pain) profited more with high intensity treatment, whereas persons with lower
dysfunction did not respond differentially to levels of intensity of treatment.

In order to further evaluate these issues, the present study utilized a large data set collected over
14 years from two programs with similar models but different locations to address three questions.
First, prior to analyzing site and duration, did the program as a whole produce clinically significant
change at the completion of treatment across a broad range of outcomes in a large sample of persons
with low back pain? Second, were outcomes at the two sites of the program similar or significantly
different? Third, did a range of intensity (days of treatment) create differences in outcomes?

2. Experimental Section

Data were collected from a larger data set accumulated for quality control purposes of patients
attending the comprehensive interdisciplinary program (Baylor Center for Pain Management) from
2000 to 2014. Four hundred eighty five patients (40%) had a primary diagnosis of back pain according
to the Pain Region, as defined by the International Association for the Study of Pain [37]. Of these,
393 (81%) completed treatment. Patients provided written consent to have data included for outcomes
analysis. This retrospective study was approved by the IRB at the Baylor Research Institute.

2.1. Program Description

The comprehensive outpatient program at the Baylor Center for Pain Management in Dallas,
Texas, has provided interdisciplinary treatment since 1995. This program was carried at two sites—in
Dallas and Richardson—with the same treatment protocol, staffing patterns, program direction, and
standard outcomes measures and procedures. Each site utilized a psychologist, a licensed professional
counselor providing biofeedback, an occupational therapist, a physical therapist, and a case manager.
Both sites were under the direction of the same program director over the 15 years providing broad
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stability in treatment and data collection. Program size would range from 2–12 patients at a time.
Patients were included if pain was chronic (over 6 months), it interfered with functional activities
and/or demonstrated elevated emotional distress, and patients reported desire for improvement and
functional goals. Patients were excluded if their level of psychiatric problems or cognitive functions
would interfere with participation and understanding in a group-oriented program. As an outpatient
program, patients were required to be safe and independent for all self-care, ambulation, and transfers.
Patients were also required to set goals and to commit to regular participation in the programs.

Initially, the program consisted of 20 days of treatment (approximately 100 h) but, over time, has
been reduced to 12 days of treatment (approximately 60 h) to adapt to scheduling needs of patients and
insurance carriers. Daily patients participated in one hour of physical therapy, one hour of aquatics
therapy, one hour of counseling or biofeedback, one hour CBT group, one hour occupational therapy
group, one mind/body technique for pain control, and one hour occupational therapy with focus on
lifestyle management for adaptive living including return to work. Training in meditative practice,
biofeedback, as well as consultation with chaplain services and nutrition services were included.

2.2. Measurement

Data were gathered upon admission to the program (Day 1) and at the final day of
treatment. Outcomes included changes in pain, emotional distress, activity levels, medical utilization,
physical abilities, instrumental activities of living, and patients’ perception of change. These data are
used to measure primary outcomes indicated by the IMPACCT group [16,38].

2.2.1. Descriptive Statistics

Upon admission, patients completed a questionnaire which included demographic data,
duration of pain (in months), and estimate of utilization of medical resources in the year prior.

2.2.2. Outcome Measures

Abbreviations are as follows: the Multidimensional Pain Inventory (MPI) [39]; Beck Depression
Inventory (BDI); Canadian Occupational Performance Measure (COPM) [40]. Daily Life Questionnaire
measured patient rating of hours active, efficacy of non-medication pain management techniques, and
physical therapy including distance walked in 5 min (measured in laps).

2.2.3. Patients’ Rating of Change

In addition, at graduation, patients completed the Patients’ Global Impression of Change (PGIC)
scale [41] and a rating of changes in use of medication.

2.3. Data Analysis

Initial analysis was made by combining data from graduates from the two sites. Descriptive analysis
was conducted for the program’s primary descriptors of the participants, including frequency of
categorical variables and means and standard deviations for continuous variables with the exception
of duration for which median and range were chosen due to the extreme variability. Shapiro-Wilk tests for
normality of distribution were carried out on variables. Because distributions did not meet assumptions
of normality, a series of Wilcoxon signed rank tests were used to measure the effects of treatment.
Effect size was measured using the value of r, which is appropriate for Wilcoxon tests.

Second, outcome variables from the two sites were carried out using repeated-measures ANOVAs,
with treatment site as one variable and individual patient’s change in scores from pre to post as the
second variable. It should be noted that, although some measures were not normally distributed,
ANOVAs are robust to minor deviations from normality. Chi-square tests were used for categorical
variables, such as the Patient’s Global Impression of Change.

Third, the relationship between the numbers of days of treatment and the amount of change was
calculated using a series of correlation coefficients.

39



Healthcare 2016, 4, 33

3. Results and Discussion

3.1. Descriptive Data from Both Sites

Analysis of descriptive statistics (see Tables 1 and 2) found significant differences on almost all
variables except gender distribution, suggesting that populations were somewhat different. Patients at
Site 1 were significantly (t(392)= ´2.78, p = 0.004) younger (mean = 51.8, SD = 12.4) than those at Site 2
(mean = 56.6, SD = 12.0). The duration of pain in months was also significantly shorter (t(354)= 3.0,
p = 0.002) in Site 1 (mean = 95.6, SD = 117.1) than in Site 2 (mean = 146, SD = 138.9), although the
distribution was so broad as to undermine meaningfulness of central tendency. Gender distribution was
not different (chi square = 0.38, p = 0.53). Payer source was also significantly different (chi square = 11.09,
p = 0.01).

Table 1. Descriptive statistics of each sample site. (Group 1 = Dallas; Group 2 = Richardson).

Variable Group N Mean SD SEM

Age 1 326 51.877 12.377 0.686
2 68 56.603 12.019 1.457

Duration of pain (months) 1 291 95.680 117.109 6.865
2 65 146.400 138.923 17.231

Pain Treatment in Last Year (Mean/SD)

# of MD Office visits due to pain 1 317 0.934 0.775 0.044
2 67 0.955 0.475 0.058

# of mental health visits for pain 1 300 3.063 7.091 0.409
2 67 3.836 7.168 0.876

# of ED visits for pain 1 298 0.977 1.704 0.099
2 68 0.500 1.029 0.125

# of diagnostic procedures for pain 1 306 2.278 1.867 0.107
2 65 1.815 1.776 0220

# of treatment procedures for pain 1 311 2.103 2.194 0.124
2 67 2.836 5.918 0.723

# of surgeries for pain 1 308 0.786 1.377 0.078
2 67 0.433 0.857 0.105

Note: SEM: Standard error, SD = standard deviation, MD = Visits to a physician, ED = Visits to the
emergency department.

Table 2. Additional descriptive statistics (categorical) of each sample site. (Group 1 = Dallas;
Group 2 = Richardson).

Payer Source Group N Percent

Worker’s Comp 1 44 15.1
2 1 1.5

Commercial 1 142 48.8
2 36 53.7

Medicare 1 100 34.4
2 30 44.8

Others 1 5 1.7
2 0 0.0

3.2. Outcomes from Combined Sites

Seven standard measures (see Table 3) were used to determine outcome by comparing scores from
the start of the program (pre) to the completion of the program (post). None of the seven measures met
assumptions for the normality of distribution as measured by the Shapiro–Wilk test. Paired sample
t-tests found that changes for all variables were significant at the 0.001 level using Wilcoxon signed
rank t-tests.

These changes were found for both self-report repeated measures—self-reported perception of
clinical progress and objective measures obtained by a physical therapist (laps walked in 5 min).
Changes were large as evidenced by effect sizes (ES’s), ranging from 0.66–0.85. All changes were at
p = 0.001.
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Table 3. Comparison of pre- and post- program treatment outcomes using Wilcoxon signed rank tests.

Variable
Pretreatment
Mean + SEM

Posttreatment
Mean + SEM

Statistic (df) p Value Effect Size *

Pain severity (n = 375) 8.61 ˘ 0.10 6.74 ˘ 0.11 45,498 (374) <0.001 0.66
Pain interference (n = 375) 10.18 + 0.10 7.21 + 0.15 48,217 (374) <0.001 0.77

Depression (n = 376) 21.52 + 0.54 10.18 + 0.44 63,676 (375) <0.001 0.82
Hours active (n = 360) 4.88 ˘ 0.15 8.26 ˘ 0.15 2725 (357) <0.001 0.78
Helpfulness (n = 341) 3.28 + 0.11 7.53 + 0.10 509 (340) <0.001 0.85

Ability to do ADLs (n = 259) 3.35 + 0.12 7.50 + 0.32 252 (258) <0.001 0.85
Distance walked (n = 377) 14.17 + 0.28 20.49 + 0.33 701.97 <0.001 0.85

Pain severity, Pain Interference, (Modified Multidimensional Pain Inventory—Pain Severity, Pain Interference,
Range = 0–12), Depression (Beck Depression Inventory-II), Helpfulness (How helpful are your techniques to
manage your pain? Range 0–10), Ability to do ADLs (Canadian Occupational Performance Measure), Distance
walked (laps walked in 5 min). * The r statistic (the z score divided by the square root of the number of
observations) was used for determining Effect Size): Small ES = 0.10, Medium = ´0.30, Large = 0.50.

3.2.1. Pain

Although only 36% of patients (see Table 4) achieved a pain severity reduction of 30% as
a recommended target, [42], change was significant as demonstrated by a a large ES (0.6), and the
helpfulness of nonmedical techniques used to manage pain had improved by 129% (ES = 0.85).
In addition, it has been noted that pain reduction alone may not be an appropriate primary goal for
chronic back pain [43].

Table 4. Percent of patient’s achieving 30% or greater change.

Variable # Achieving 30%/Total N Percent Achieving 30%

Pain severity 136/375 36%
Pain interference 177/375 47%

Depression 296/376 78%
Hours active 251/360 70%
Helpfulness 278/341 82%

Ability to do ADLs 236/259 91%
Distance walked 231/377 61%

Note: # = Number.

3.2.2. Functional Activities

Prominent changes in function were also found. Interference by pain was reduced by at least 30%
for 47% of patients (ES = 0.77), 70% of patients increased hours of activity by 30% (ES = 0.78), and 91%
of patients increased by at least 30% in their ability to carry out primary desired activities of living as
measured by the COPM (ES = 0.85).

3.2.3. Physical Measures

These self-reported changes in activity and functional ADLs were mirrored by changes in physical
functioning. Distance walked in a 5-min timed task improved by at least 30% in 61% of patients
(ES = 0.85).

3.2.4. Psychological Functioning

Ratings of emotional distress markedly improved. Using standard interpretation of scores,
depression decreased by at least 30% in 78% of patients (ES = 0.82) with mean scores changing from
moderate (pre-treatment mean = 21.5) to minimal (post-treatment mean = 10.2) range of depression
using standard interpretation of the scores.
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3.2.5. Medication Use

Due to the challenges in quantifying medication usage in this clinical setting, data were not
collected on specific types or dosages of medication used by each patient. However, patients were
asked at graduation to report any change in the use of pain medication. Of the 344 patients in this
group: 13 (9%) reported taking no medications; 162 (47%) reported taking fewer; 138 (40%) were
unchanged in the use of medication; and 31 (9%) reported taking more medication.

3.2.6. Patient Rating of Change

Patients reported positive changes on global impression of change. Eighty-two percent of
281 patients reporting met the a priori goal of either “much improved” (n = 103, 36%) or “very
much improved (n = 131, 46%)”. Forty-four (15%) reported “minimal improvement”, and only 3 (1%)
reported “no change”. No patients reported being “minimally worse”, “much worse”, or “very
much worse”.

3.3. Comparison of Outcomes from the Two Sites

It should be noted that, although some measures were not normally distributed, it was decided
that parametric tests would be conducted because of the clarity of presentation, as well as the fact that
ANOVAs are quite robust to minor deviations from normality. Therefore, repeated-measures ANOVAs
(see Table 5) were conducted for a subset of outcomes chosen from various domains using the site
as one variable and the change in repeated measures as another. Three analyses were conducted.
Site outcomes were similar in most variables. Overall scores, combining pre- and post-scores at the
two sites were similar with differences in only 2 of 7 measures: interference by pain (F = 9.46, p = 0.002)
and distance walked in five minutes (F = 24.56, p = 0.001). Second, as reviewed above in Table 4, when
sites were combined, the comparison of individuals pre/post measures were different at the p < 0.05
level and, in fact, were at the p = 0.001 level.

Table 5. Changes in outcome variables with 95% confidence intervals for both groups (program sites),
within subjects (pre/post differences for combined sites), and interaction of group (program site by
within subjects).

Variable Site 1 Site 2 Between Group Within Subjects Within Sub Group

Pain severity F = 2.07, p = 0.15 F = 103.5, p = 0.001 F = 1.90, p = 0.16
Pre-program 8.7 (2.0) 8.1 (1.9)
Post-program 6.8 (2.2) 6.7 (2.6)

Pain interference F = 9.46, p = 0.02 F = 219.80, p = 0.001 F = 3.68, p = 0.06
Pre-program 10.3 (2.0) 9.8 (2.3)
Post-program 7.4 (2.9) 6.1 (3.4)

Helpfulness of Pain Techniques F = 1.49, p = 0.22 F = 863.1, p = 0.000 F = 2.78, p = 0.09
Pre-program 3.3 (2.1) 3.7 (2.4)
Post-program 7.5 (2.0) 7.5 (1.8)

Hours active F = 0.00, p = 0.98 F = 406.8, p = 0.000 F = 6.84, p = 0.009
Pre-program 4.7 (2.8) 5.4 (7.8)
Post-program 8.3 (2.9) 7.8 (2.8)

Depression F = 2.03, p = 0.15 F = 306.8, p = 0.001 F = 0.210, p = 0.65
Pre-program 21.7 (10.4) 20.4 (11.5)
Post-program 10.5 (8.8) 8.6 (7.9)

Distance Walked F = 24.56, p = 0.001 F = 323.4, p = 0.001 F = 7.62, p = 0.006
Pre-program 14.7 (5.7) 11.9 (4.0)
Post-program 21.3 (6.5) 16.8 (4.5)

Performance of ADLS F = 0.69, p = 0.79 F = 147.9, p = 0.000 F = 1.10, p = 0.315
Pre-program 3.3 (2.2) 3.6 (1.5)
Post-program 7.6 (5.9) 7.1 (1.6)

Pain severity, Pain Interference (Modified Multidimensional Pain Inventory—Pain Severity and Pain Interference
scales, Range = 0–12), Depression (Beck Depression Inventory-II), Helpfulness (How helpful are your techniques
to manage your pain? Range 0–10), Performance of ADLs (Canadian Occupational Performance Measure),
Distance walked (laps walked in 5 min)).

Some variability was found between measures in the interaction of the site and outcome measures.
For four of the seven measures (pain intensity, pain interference, helpfulness of pain techniques,
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depression, satisfaction with ADL), the interaction of Site ˆ Change was not significant at the p = 0.05
level. Hours of activity and distance walked each demonstrate an interaction effect of Site ˆ Change
and an amount of change (F = 406.8, p = 0.009; F = 7.62, p = 0.006). Chi-square tests of patient
ratings of five ratings of improvement by pain site revealed no significant difference between sites
(chi square = 4.620, p = 0.33).

3.4. Impact of Intensity of Treatment with Outcomes

Finally, the amount of change for selected variables was evaluated to determine correlation with
the number of days of treatment completed. Although several change scores were correlated at the
p = 0.01 level (i.e., helpfulness of techniques) and at the p = 0.001 level (i.e., hours active, distance
walked), these correlations were quite low. For example, although significant, the number of days of
treatment completed only accounted for 4% of the variance (r2 = 0.41) in the change in hours active
per day.

4. Conclusions

This study explored three aspects of interdisciplinary programs for treatment of chronic pain.
In the first analysis, results were consistent with previous literature indicating that interdisciplinary
pain management programs can provide broad-based change, even for patients with entrenched CLBP
associated with high pain, emotional distress, functional disability, and excessive use of medications
and medical resources. Consistent with recommendations by the Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials (IMMPACT) group and others for research with chronic low
back pain [38,44], it included repeated measures of pain, physical functioning, emotional functioning,
and participants ratings of improvement. These changes were both highly significant statistically,
as well as having large effect sizes. These findings are consistent with the previous studies of the
effectiveness of interdisciplinary pain programs for patients with low back pain [22,23]. Of note, the
types of change and size of change are comparable to those obtained with more invasive or intensive
medical measures, which are more costly or have higher iatrogenic risks. Interdisciplinary pain
programs have produced an analgesic effect comparable to opioids for CLBP or back pain with chronic
radiculitis, but without the risk of overdose, addiction, and diversion [45,46]. The functional benefits
noted are also important because they are not associated with the risks and complications associated
either with spine surgery or even spinal cord stimulation [19].

Although this study was confirmatory of previous studies, a number of potential limitations
should be noted. First, this was not a randomized controlled trial, but data were collected on
a prospective basis as part of a quality assurance assessment. As such, there was no control group,
so a potential placebo effect could not be measured or ruled out. Second, 20% of patients discontinued
treatment for a variety of reasons, and, due to the focus of this study, no analysis was made of factors
predicting non-completion or the degree of change during the program. A previous study of these
programs, however, with all diagnostic groups included, found predictors for non-completion and
identified factors predicting a response to treatment [36].

In addition, these changes reflect immediate effects of treatment at program completion.
Additional literature [31–33] suggests that the psychological effects of intervention tend to lessen
over time. This was found in an earlier study with this same program [47]. Continued change from
pre-treatment was found on all measures at the p > 0.001 level, both six months and one year following
treatment. However, six months later, some measures had regressed towards the pre-treatment scores,
yet others had remained stable, and some had even continued to improve. All measures had regressed
somewhat one year following treatment.

In the second analysis, this study also documented that interdisciplinary programs were effective
across treatment sites. Patient populations were somewhat different based on descriptive data, such as
age and duration of pain. Despite this, groups did not differ globally on a variety of measures selected
to represent an array of domains. In addition, there were no differences in change at the two sites
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on six of seven measures, although difference in response was noted on one measure: change in
distance walked in five minutes. This study suggests that, even with somewhat different populations,
interdisciplinary programs were robust in the change they produced.

In the third analysis, this study also provided evidence that change was only minimally correlated
with the number of days of treatment. Despite statistically significant correlations between the numbers
of days of treatment, days of treatment only accounted for 4% of variance at most. This finding is
consistent with the results of a previous review [35].

As Gatchel et al. [19] noted in their recent review, it is troubling that interdisciplinary pain
programs have often been allowed to fail. It continues to be puzzling that a treatment protocol with
well-documented improvements in patient quality of life and patient satisfaction is so often unavailable
or not offered to patients (and healthcare providers) who are “stuck”. The benefit to healthcare systems
would likely be even greater if treatment programs were provided to patients much sooner following
the onset of pain. This study provides additional confirmation that these programs may robustly
provide effective treatment, even with variation between program staff and settings and with variable
duration of treatment.
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Abstract: Previous functional magnetic resonance imaging (fMRI) studies in healthy controls (HC)
and pain-free migraine patients found activations to pain-related words in brain regions known
to be activated while subjects experience pain. The aim of the present study was to identify
neural activations induced by pain-related words in a sample of chronic back pain (CBP) patients
experiencing current chronic pain compared to HC. In particular, we were interested in how current
pain influences brain activations induced by pain-related adjectives. Subjects viewed pain-related,
negative, positive, and neutral words; subjects were asked to generate mental images related to
these words during fMRI scanning. Brain activation was compared between CBP patients and
HC in response to the different word categories and examined in relation to current pain in CBP
patients. Pain-related words vs. neutral words activated a network of brain regions including
cingulate cortex and insula in subjects and patients. There was stronger activation in medial and
dorsolateral prefrontal cortex (DLPFC) and anterior midcingulate cortex in CPB patients than in HC.
The magnitude of activation for pain-related vs. negative words showed a negative linear relationship
to CBP patients’ current pain. Our findings confirm earlier observations showing that pain-related
words activate brain networks similar to noxious stimulation. Importantly, CBP patients show even
stronger activation of these structures while merely processing pain-related words. Current pain
directly influences on this activation.

Keywords: chronic back pain; semantic processing; current pain; fMRI

1. Introduction

Processing and perceptual evaluation of noxious events and their underlying neural substrates
are strongly modulated by psychological variables such as attention [1–4], emotion [5–10],
expectation [11,12], and learning [13,14]. Furthermore, several studies indicate that environmental
semantic and visual pain-related cues can induce activity in structures of the brain that process, among
others, nociceptive information [15–17] even when no noxious stimulus is applied [18,19]. Based on
Hebb’s concept of cell assemblies, it can be assumed that whenever we experience pain, its semantic
and emotional representations are activated simultaneously with neural structures that process noxious
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events and constitute the experience of pain [20,21]. Consequently, words that are used to describe
pain-related experiences were found to alter pain itself [22,23], and to activate brain structures engaged
in the processing of noxious stimuli, e.g., anterior cingulate cortex, insula, secondary somatosensory
cortex (SII), prefrontal cortex, and parietal cortex [24,25].

It has been shown that chronic back pain (CBP) patients differ from healthy controls (HC) in
structural [26], functional [27,28], and neurochemical brain parameters [29,30]. In CBP patients, pain is
a common everyday experience and pain has been expressed hundreds of times throughout the
course of chronic pain development. It was suggested that CBP patients as chronic pain sufferers
should have developed a strong pain network and a strong link of this network to their lexicon
of pain terms. Accordingly, chronic pain patients exhibit larger event-related potentials (ERPs) to
painful stimuli [31], larger late ERP amplitudes when noxious stimuli were primed by pain-related
words [14], and stronger blood oxygenation level dependent (BOLD) responses even when pain was
not attended [32–34]. Furthermore, chronic pain patients showed larger late ERP magnitudes in
response to pain-related words and rated such words more negatively than neutral words, indicating
that pain-related words draw similar attention and information processing as if an actually painful
stimulus would have been processed [35]. In summary, the processing of pain-related words leads
to enhanced behavioral and neuronal responses even when semantic processing is precluded from
conscious access.

The present study aimed to extend previous findings by investigating the processing of
pain-related words in CBP patients with actually ongoing (current) back pain. It was expected
that the presence of current pain would activate the brain regions important for the analysis of pain
and, thereby, enhance the processing of pain-related words. These assumptions lead to the following
hypotheses: H1—CBP patients exhibit different valence, arousal, and pain relevance to pain-related
words compared to HC; H2—CBP patients vs. HC show a stronger activation during the processing
of pain-related than non-pain-related word categories and to negative words; and H3—There is a
linear relationship between the strength of current pain and the measured BOLD response during the
processing of pain-related words in CBP patients.

2. Materials and Methods

2.1. Patients and Controls

Participants of this study were recruited by advertisement at the university or by personal contact.
Thirteen patients with CBP (2 men; 23–56 years old, mean age = 44.3 years) and thirteen pain-free HC
(2 men; 24–58 years old, mean age = 46.5 years), matched for gender, age, and education, participated
in this study as paid volunteers. Sociodemographic and clinical characteristics of participants are
summarized in Table 1. The CBP patients have been examined by physicians and met the following
criteria: (1) minimum duration of low back pain: for 6 months; (2) pain classified as ‘non-specific low
back pain’ (no indication for nerve root problems and radiation to foot or toes, numbness and/or
paraesthesia; straight leg raising test caused no leg pain); (3) magnetic resonance imaging (MRI)
of the spine only indicated age-related wear and tear but no spinal disorders or disc pathology;
(4) no psychiatric disorders, no disease associated to small fiber pathology (e.g., diabetes mellitus),
no other chronic disorder; (5) no use of medication (except contraceptive) for at least 48 h prior
to the experiment (requested before scanning). All participants were native German speakers and
right-handed as assessed by the Edinburgh Handedness Inventory (EHI) [36]. None of the healthy
controls reported former subacute or chronic pain episodes (longer than one month), any neurological,
psychiatric or other chronic disorder. Because depression may alter the processing of pain-related
words [37], depressive symptoms were assessed with a German version of the Beck Depression
Inventory-II (BDI-II) [38]. For the assessment of catastrophizing thoughts and persuasions, all subjects
completed the Pain Catastrophizing Scale (PCS, [39]; German version: [40]). In accordance with the
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Declaration of Helsinki, written informed consent was obtained from each participant before the study,
and the Ethics Committee of the Friedrich Schiller University approved the experiment.

Table 1. Demographic and clinical characteristics as well as behavioral data of chronic back pain
patients (CBP) and healthy controls (HC).

CBP HC

Sex

Male/Female 2/11 2/11
Age (in years) 44.31 ˘ 12.15 46.46 ˘ 10.19

Range 23–56 24–58
Pain history
6–12 months N = 2 N = 0

2–5 years N = 4 N = 0
>5 years N = 7 N = 0

Pain intensity t df p

Mean pain intensity (VAS a recent 4 weeks) 3.31 ˘ 1.83 0.09 ˘ 0.30 5.72 10.53 <0.001
Strongest pain (VAS recent 4 weeks) 5.14 ˘ 1.85 0.27 ˘ 0.90 6.27 12.76 <0.001

Current pain (VAS post scanning) 1.72 ˘ 1.34 0.05 ˘ 0.15 4.15 10.25 0.002
BDI b score 7.77 ˘ 5.13 2.62 ˘ 1.76 3.50 12.12 0.004

Pain Catastrophizing Scale (PCS) 14.08 ˘ 6.11 11.82 ˘ 7.04 0.61 24 0.550
Rumination 5.46 ˘ 3.46 5.09 ˘ 3.27 0.12 24 0.905
Helplessness 4.85 ˘ 3.11 4.00 ˘ 2.61 0.49 24 0.632
Magnification 3.77 ˘ 2.32 2.73 ˘ 2.19 0.98 24 0.351

Task difficulty c 1.38 ˘ 1.50 1.38 ˘ 1.50 0 24 1

χ2

Correct word categorization d 15.66 ˘ 0.79 15.45 ˘ 1.65 0.04 1 0.865

Note: Values are mean ˘ SD; a Visual Analogue Scale (VAS): 0 = “no pain”, 10 = “strongest pain imaginable”;
b BDI = Beck Depression Inventory; c Visual Analogue Scale (VAS): 0 = “very easy”, 10 = “very difficult”;
d correct categorizations out of 16 judgments.

2.2. Verbal Stimuli

Verbal stimuli included pain-related and non-pain-related negative, neutral, and positive
adjectives. In a pilot study, 40 words were selected, and rated for valence, arousal, and pain relevance.
Pain-related adjectives, affectively negative adjectives, and positive adjectives were matched for
arousal. In addition, pain-related and negative adjectives were also matched for valence. Furthermore,
word categories were matched according to the number of syllables and frequency in German language
(COSMAS II database, http://www.ids-mannheim.de/cosmas2/). For a more detailed description of
stimulus selection and the stimulus set, see Richter, Eck, Straube, Miltner and Weiss [32].

2.3. Experimental Procedure

Examples of each word category were presented while participants were familiarized with the
experimental procedure prior to the experiment. A video beamer projected the stimuli onto a screen
mounted on the head coil of the MRI scanner. The experimental design is displayed in Figure 1.
Subjects were instructed to focus on the semantics of the words by generating a mental image of a
situation associated with the word. To increase compliance, subjects were told that they would be asked
for examples of their imaginations after the experiment. All subjects were able to associate appropriate
mental images to the words. For example, neutral word “traubenförmig” (“aciniform”) was frequently
associated with wine grapes and positive word “wärmend” (“warming”) was commonly associated
with an oven. Word stimuli were presented in 16 blocks (4 blocks of each word category). Each block
consisted of five words (belonging to one word category); each word was displayed for 4.1 s and was
followed by a blank screen for 0.1 s. Each block was followed by a delay phase in which a fixation
cross was presented for 11 s and a subsequent interval of 7 s. During this interval, subjects were
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requested to choose the correct word category from two categories presented (e.g., A = pain-related,
B = negative). Subjects responded by a MRI-compatible button response box fixed below their right
hand. After the selection, a fixation cross was presented for 13 s. Each word was presented twice
throughout the experiment. The order of the words within each block and the order of blocks were
pseudo-randomized with the restriction that the same word category was not presented twice in
succession. The whole fMRI run lasted 14 min.

 

Figure 1. Stimulus protocol.

After the scanning session, participants rated the mean valence, arousal, and pain relevance of
each word category on a 10-point numerical rating scale (NRS), with 0 = “negative/no arousal/not
relevant”, and 10 = “positive/maximum arousal/highly relevant”. Following the scanning procedure,
all subjects also rated their current back pain on a VAS (visual analogue scale, = “no pain”, 10 = “worst
pain imaginable”). The pain ratings were obtained at the end of the experiment to avoid any mutual
influence between the rating of words and the pain rating. Furthermore, a rating of task difficulty
was requested using a VAS (0 = “very easy”, 10 = “very difficult”). During the study, we introduced
the vividness of imagination scale [41] measuring emotional imagination, i.e., the ability to create
emotional scenarios in mind. Higher ratings are associated with enhanced vividness of imagination.

2.4. Analysis of Behavioral Data

All statistical calculations were carried out using IBM SPSS Statistics 19 (IBM, Armonk, NY, USA).
Normal distribution of behavioral data was determined by Kolmogorov-Smirnov Test. Levene’s test
was applied to assess the equality of variances across the two groups. Variables were statistically
analyzed using Student’s t- test if they were distributed normally; otherwise, χ2-tests were applied.
Welch’s t-test was used for variables with unequal variances across groups. Differences between CBP
patients and HC were evaluated for the ratings of arousal, valence, pain relevance, and vividness of
imagination of word material [41].

To test differences of word category between patients and HC, separate two-way repeated
measurements ANOVAs for mixed experimental design (between-subject factor Group and
within-subject factor Word Category) were conducted. We considered values of p < 0.05 to be
statistically significant.

2.5. fMRI-Data Acquisition and Analysis

MRI was obtained by a 3-Tesla magnetic resonance scanner (Tim Trio, Siemens, Medical Systems,
Erlangen, Germany). For fMRI, 305 volumes were recorded using a T2* weighted echo-planar sequence
(time to echo (TE) = 30 ms, flip angle = 90˝, matrix = 64 ˆ 64, field of view (FOV) = 192 mm, scan
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repeat time (TR) = 2.8 s). Each volume was comprised of 40 axial slices (thickness = 3 mm, no gap,
in-plane resolution = 3 ˆ 3 mm) parallel to the intercommissural plane (AC–PC-plane). Additionally,
a high-resolution T1-weighted anatomical volume was obtained based on 192 slices with TE = 5 ms,
matrix = 256 ˆ 256 mm and resolution = 1 ˆ 1 ˆ 1 mm. Imaging data were pre-processed and analyzed
using BrainVoyagerQX, Version 2.8 (Brain Innovation, Maastricht, The Netherlands) and NeuroElf V0.9
(Jochen Weber, SCAN Unit, Columbia University, New York City, NY, USA, http://www.neuroelf.net).

All volumes were realigned to the first volume in order to minimize the effects of head movements
on data analysis. Further data pre-processing comprised spatial (6 mm full-width half-maximum
isotropic Gaussian kernel) as well as temporal smoothing (high pass filter: 3 cycles per run).
Anatomical and functional images were co-registered and normalized to the Talairach space [42].
Statistical analysis of fMRI-data was performed by multiple linear regression of the signal time course
at each voxel. The expected blood oxygen level-dependent (BOLD) signal change for each event type
(predictor) was modeled by a canonical hemodynamic response function (modified gamma function).
A random-effects General Linear Model was used to identify associated brain activity in all acquired
slices. To balance between type I and type II errors, we tested whether the detected clusters survived a
correction for multiple comparisons. We used the approach as implemented in Brain Voyager which is
based on a 3D extension of the randomization procedure described by Forman and colleagues [43,44].
First, voxel-level threshold was set at p < 0.05 (uncorrected). Threshold maps were then submitted
to a correction for multiple comparisons for each contrast. The correction criterion was based on
the estimate of the map’s spatial smoothness and on a Monte Carlo simulation (1000 iterations) for
estimating cluster-level false-positive rates. The minimum cluster size threshold yielding a cluster level
false-positive rate of 1% was applied to the statistical maps of each contrast [45]. All clusters reported
in this article survived this control of multiple comparisons. Main effects were analyzed for the contrast
between pain-related words vs. baseline (hypothesis 1; H1). Separate interaction analyses including
the factor Group were performed for the relevant contrasts between word categories according to H2:
pain-related (weighted 3 times according to the other word categories) vs. all other word categories
(negative, neutral, and positive words) and pain-related vs. negative words. For the comparison
between CBP patients and HC, the variance of depression (BDI-II) served as covariate in the General
Linear Model.

In the next step, we analyzed correlations between VAS pain ratings after the scanning procedure
with the relevant differences of parameter estimates (difference: pain vs. negative) for the group
of the CBP patients only (HC were excluded because they had no pain, so there is no variance in
these parameters allowing a correlative analysis) according to H3. Voxel-level threshold was set at
p < 0.01 (uncorrected). The map was submitted to a correction for multiple comparisons (see above).
After 1000 iterations, the minimum cluster size threshold yielding a cluster level false-positive rate of
1% was applied to the statistical maps.

3. Results

3.1. Questionnaire and Behavioral Data

Questionnaire data. On average, CBP patients reported significantly higher current pain ratings
(M = 1.69, SD = 1.36) than healthy controls (HC) (M = 0.04, SD = 0.14), Welch’s t (12.25) = 4.34,
p < 0.001 (Table 1). In addition, total BDI-2 scores of CBP patients (M = 7.77, SD = 5.13) were
significantly higher than those of HC (M = 2.62, SD = 1.76), Welch’s t(14.78) = 3.424, p = .004 (Table 1).
According to BDI-scores, only one patient expressed a clinically meaningful depression (score of
20; [38]). Since results remained essentially unchanged after exclusion of this subject, we kept this
subject in all further analyses. BDI showed no linear relationship to VAS ratings for current pain
(r(26) = 0.353, p = 0.77). fMRI group differences were calculated with BDI II values as a covariate.
There was no significant difference between groups in pain catastrophizing according to the Pain
Catastrophizing Scale (PCS; Table 1).
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H1: Behavioral Effects of Group and Word Category

During the experiment, all participants categorized the words properly (MCBP = 15.66 and
MHC = 15.45 correct out of 16 judgments, see Table 1). ANOVA results of the differences between CBP
patients’ and HC subjects’ ratings (regarding post-scanning arousal, valence, and pain relevance) of
the word categories are depicted in Figure 2.

 

Figure 2. Mean ratings (standard errors) of valence, arousal, and pain relevance of each word
category for CBP patients and HC. Valence (0 = “negative”; 10 = “positive”), arousal (0 = “no arousal”;
10 = “maximal arousal”), and pain relevance (0 = “not relevant”; 10 = “highly relevant”). Asterisks
(*) indicate significant contrasts of Word Category (black line) and significant main effects of Group
(dotted line).

Valence: Valence of word categories was rated differently as indicated by a significant main effect
of Word Category (F3, 54 = 940.31, p < 0.001, η2 = 0.981). Contrasts were performed by comparing the
pain-related word category to the remaining categories: This analysis revealed significant contrasts
for neutral vs. pain-related words (F1, 18 = 315.49, p < 0.001, η2 = 0.946) and positive vs. pain-related
words (F1, 18 = 1803.89, p < 0.001, η2 = 0.990). The contrast negative vs. pain-related words were not
significant (F1, 18 = 0.139, p = 0.714, η2 = 0.008) indicating similar valence of these word categories.
No significant main effect of Group (F1, 18 = 494, p = 0.491, η2 = 0.027) and no significant interaction of
Word Category*Group (F3, 54 = 2.41, p = 0.077, η2 = 0.118) was observed on any valence rating.

Arousal: Mauchly’s test indicated that the assumption of sphericity was violated for the main
effect of Word Category, (χ2(5) = 11.66, p = 0.040). Therefore, degrees of freedom were corrected
using the Greenhouse–Geisser estimate of sphericity (ε = 0.67). As expected, there was a significant
main effect of the factor Word Category on arousal ratings (F2.02, 36.35 = 181.14, p < 0.001, η2 = 0.910),
with pain-related words being rated as more arousing than neutral words (F1, 18 = 505.98, p < 0.001,
η2 = 0.966). A significant contrast was observed for the comparison between pain-related and positive
words (F1, 18 = 13.32, p = 0.002, η2 = 0.425) as well as between pain-related and negative words
(F1, 18 = 11.87, p = 0.003). Likewise, there was a significant main effect of Group on arousal ratings
(F1, 18 = 13.26, p = 0.002, η2 = 0.424) with CBP patients showing lower arousal ratings than HC.
No significant interaction Word Category ˆ Group was observed (F2.02, 36.35 = 0.53, p = 0.597, η2 = 0.028).

Pain Relevance: Mauchly’s test indicated that the assumption of sphericity was violated for the
main effect of Word Category, (χ2(5) = 25.57, p < 0.001). Therefore, degrees of freedom were corrected
using Greenhouse–Geisser estimate of sphericity (ε = 0.65). A repeated measure ANOVA confirmed the
effect of Word Category on the rating scores of pain relevance (F1.94, 34.85 = 413.15, p < 0.001, η2 = 0.958).
Contrasts of the factor Word Category confirmed that pain-related words were rated as more pain
relevant than negative (F1, 18 = 487.09, p < 0.001, η2 = 0.947), neutral (F1, 18 = 763.58, p < 0.001, η2 = 0.977),
and positive words (F1, 18 = 714.04, p < 0.001, η2 = 0.975). There was no significant main effect of Group
(F1, 18 = 0.13, p = 0.722, η2 = 0.007) and no significant interaction between Word Category ˆ Group
(F1.94, 34.85 = 0.83, p = 0.440, η2 = 0.044).
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There was also no significant main effect of Vividness of Imagination (F3, 36 = 1.626, p = 0.2,
η2 = 0.119) between word categories and no significant interaction Word Category ˆ Group
(F3, 36 = 0.463, p = 0.71, η2 = 0.037). Average vividness ratings for both groups were 5.58 for neutral
words, 5.85 for positive words, 5.65 for negative words and 5.19 for pain-related words. Higher ratings
are associated with enhanced vividness of imagination. These data show that both groups were
similarly able to generate the requested emotive images associated with the presented words.

3.2. Imaging

CBP patients and HC showed activations in a similar network of brain regions in response to
viewing pain-related words vs. a fixation cross (baseline). This network includes—among others—the
striate and extrastriate cortex of the occipital lobe extending into the fusiform gyrus, widely distributed
activations in the frontal lobe bilaterally, bilateral activations of the supplementary motor area (SMA)
and pre-SMA, the primary motor cortex (MI) and the anterior cingulate cortex (ACC) (Supplementary
Materials Table S1). These activations are in line with previous research [32,34].

3.2.1. H2: Effects of Group and Word Category

The interaction between Group and Word category (pain-related vs. negative words) revealed
increased activations in CBP patients in the medial prefrontal cortex (mPFC), the anterior midcingulate
cortex (aMCC), and in the dorsolateral prefrontal cortex (DLPFC; Figure 3A and Table 2). These results
are in line with H2. For separate main effects of word category (pain-related words versus negative
words), see Supplementary Materials Tables S3 and S4.

 

Figure 3. (A) activation maps illustrating the interaction between group (CBP patients vs. HC)
and word category (pain-related vs. negative adjectives) with activations in the medial prefrontal
cortex (mPFC) and anterior midcingular cortex (aMCC) including the dorsolateral prefrontal cortex
(DLPFC); x = ´10. Right: schematic overview of the β-weights for the aforementioned structures;
mean + Standard Error; and (B) correlation of current pain (VAS) with the differences in parameter
estimates for the contrast pain-related vs. negative adjectives in CBP patients in insula (INS), cerebellum
(CER) and occipital cortex (OCC); z = 4. Activations are superimposed on a Talairach template (average
of all subjects). Right: correlation plot for the relation of current pain (VAS) and differences in parameter
estimates for the contrast pain-related vs. negative adjectives for the anterior insula.
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Table 2. Activations to pain-related versus negative words in the comparison between CBP patients
and HC.

x y z Cluster Size t-Value Brain Region Laterality Brodmann Area

´20 13 35 76 4.92 anterior cingulate cortex/
dorsolateral prefrontal cortex R/L 32

´10 ´76 64 54 3.97 medial prefrontal cortex L 10

Listed are clusters of activation with an uncorrected cluster threshold of p < 0.05. Talairach coordinates are
provided for the maxima of the respective cluster. The corresponding neuroanatomical regions, the Brodmann
areas, and the laterality (L, left; R, right) are described.

We also tested the interaction between Group and Word category for pain-related words and
all other word categories [32,34]. This comparison revealed activations in the subgenual anterior
cingulate cortex (sACC), the MCC, the posterior cingulate cortex (PCC), bilaterally in the posterior
insula, the primary somatosensory cortex (SI) and MI, the fusiform gyrus, the posterior parietal cortex,
the mPFC, and in the limbic parahippocampal gyrus (Supplementary Materials Table S2). These results
confirm H2.

3.2.2. H3: Correlation Analyses of Word Category in CBP Patients

To test whether the current pain affects the processing of adjectives (H3), a correlation analysis
between ratings (VAS) of current pain and the differences in activation between pain-related vs.
negative words was performed for the group of CBP patients. We found clusters of negatively
correlated activity in several regions including MI and the anterior insula (Figure 3B and Table 3).

Table 3. Correlations between current pain ratings (VAS) and the differences in activation between
pain-related vs. negative words in CBP patients.

x y z Cluster Size r-Value Brain Region Laterality Brodmann Area

39 13 2 48 ´0.83 insula R 13/44
45 ´65 21 56 ´0.84 medial temporal cortex R 39

´16 ´62 ´11 108 ´0.84 cerebellum L
5 ´87 18 193 ´0.88 occipital cortex R 17/18/23

´43 ´15 41 40 ´0.90 precentral cortex (MI) L 4
´4 ´77 39 106 ´0.91 parietal cortex/occipital cortex L 19/7
14 ´55 ´8 211 ´0.96 cerebellum R 19

Listed are clusters of activation with an uncorrected cluster threshold of p < 0.01. Talairach coordinates are
provided for the maxima of the respective cluster. The corresponding neuroanatomical regions, the Brodmann
areas, and the laterality (L, left; R, right) are described.

4. Discussion

The present fMRI study revealed several important results. Firstly, our results support previous
findings [32,34] that showed an increase of activation during the processing of pain-related words in
several regions of the brain including parts of brain areas that also become activated when exposed
to painful stimuli. Secondly, patients suffering from CBP showed stronger activations than HC for
pain-related vs. other word categories in several brain structures including the insula and parts of
the cingulate cortex. Thirdly, data revealed linear relationships between patients’ current pain and
brain activations in CBP patients in a variety of brain structures that are known to be involved in the
processing of pain. Behavioral data showed only one effect including factor Group, i.e., a main effect
of Group on arousal.

4.1. H1: Behavioral Effects of Group and Word Category

Behavioral data show the only effect including factor Group as main effect or interaction for
arousal evoked by the different word categories. This effect results from lower arousal ratings in CBP
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patients compared to HC. There are several reasons that might account for this effect as well as for the
absence of significant differences with respect to valence and pain relevance. First, in our sample, CBP
patients had relatively low chronic back pain. We discuss this point extensively in Section 4.4 (Study
Limitations). Second, ratings of CBP were especially low when the experiment took place. This has
previously been reported and might result from distraction and excitement along with the scanning
procedure [2,46]. Third, these partly unexpected behavioral results might be due to the permanent
exposure to CBP and CBP-related stimuli that the patients suffer from. As a result, habituation to
pain-related stimuli may have taken place. Fifth, we also have to take into account that pain-related
words were well matched with the other word categories, but they were not specific for CBP; instead,
they were referred to pain in general. This might have lowered the impact on our patients specifically
suffering from CBP. Nevertheless, there were clear main effects of factor Word Category demonstrating
that the expected valence and arousal were specific for each of the word categories. This might serve
as a manipulation check of the stimulus material. Moreover, as there were no interaction effects of
Word Category ˆ Group on valence, arousal, or pain relevance, these effects could not account for the
fMRI results.

4.2. H2: Effects of Group and Word Category

CBP patients showed stronger activations than HC during the processing of pain-related words
vs. negative words in the medial prefrontal cortex and in a cluster including the aMCC and the
DLPFC. In comparison, HC showed stronger brain activation during the processing of negative words
and lower brain activation to pain-related words in these structures. Thus, a general difference in
processing of pain-related verbal material was observed in CBP patients. Frontal lobe activity during
the experience of pain was regularly observed and is generally linked to attention and cognitive
processes [47,48]. The mPFC was found to be activated whenever contextual information was used to
guide behavior [49]. This structure additionally exerts top-down pain modulation when cognitively
demanding tasks interfere with the pain sensation [12,50–52]. Thus, activity in the mPFC seems to be
strongly modulated during expectation of painful events [12]. In the sense of a priming mechanism,
the pain-associated adjectives might have pre-activated a network of structures that were associated
with the neuromatrix of pain in the past as a larger neural network. Thus, the cluster including the face
area of M1 might be pre-activated due to painful facial expressions [53,54] according to current pain.
In a broader sense, similar priming effects have also been shown for action verbs and activation of the
sensorimotor cortex [55–57]. In the sense of such a priming mechanism and as the mPFC is involved in
the recall of recent and remote memory traces [58], we suggest that the processing of painful words is
associated with pain-related memories in CBP patients. The DLPFC is known to mediate the cognitive
dimension of pain [18,59–62]. In previous studies, a stronger activation of the DLPFC was found
in response to pain-related words as well [32,34]. In the present study, the activation in DLPFC is
stronger in CBP patients than in HC, presumably, because these patients are prone to perceive pain
more frequently and more seriously than HC. Activity of the aMCC has repeatedly been found for the
subjective experience of pain [63]. More specifically, the aMCC seems to integrate pain processing and
motor function [64,65]. Thus, structures that are commonly activated when CBP patients are exposed
to current painful stimuli seem to be equally activated by words that indicate or connote pain.

In line with previous findings [32], the interaction between pain-related and other word categories
revealed enhanced activation in several brain regions including sACC, the aMCC, the ventral posterior
cingulate gyrus, the fusiform gyrus, the parahippocampal gyrus, and the posterior insula. Most of these
brain areas are implicated in the experience of pain. For example, sACC is involved in the processing
of emotional aspects of pain [66], but also in the processing of anxiety and stress [67]. The stronger
activation of this structure in CBP patients suggests that pain-related words bear an elevated level of
emotional salience and increased stress relatively to non-pain-related words of negative valence for
CBP sufferers. It thus might be that their attention is more frequently focused on potential painful
threats in the environment.
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4.3. H3: Relationship to Current Pain

The correlation between current pain (VAS) and differences in activation between pain-related vs.
negative words revealed negative correlations in MI and the anterior insula. This is in contrast to our
hypothesis H3, i.e., we only found structures where the difference in activation between pain-related
and negative words correlated negatively with VAS, but no structure with a positive linear correlation.
This result might be due to several reasons. One possible explanation might be that current pain results
in a constant activation of these structures. With fMRI, it is not possible to demonstrate this activation
as the statistics belong to differences. However, if a pre-activation exists, then the activation of these
structures by pain-related words might become less efficient due to pre-activation. Thus, the anterior
insula might be pre-activated as a result of current pain due to its significance for the processing of
salience information [17,68], which is a core feature of pain [15]. An alternative interpretation might
result from the pain-inhibiting pain effect [69,70]. It is well known that two pain stimuli interact by
different mechanisms influencing each other [52]. In this sense, chronic pain might result in a lower
activation to a pain-related stimulus, even when this stimulus is a pain-related word.

4.4. Study Limitations

One limitation of the present study is its relative small number of participants. Strict inclusion
criteria and exact matching of participants’ gender and age in both groups made recruitment
difficult. However, even in this rather small sample of 13 subjects per group, we revealed significant
differences in fMRI activations. Another important limitation of our study is that the CBP patients
showed a comparatively low CBP intensity and a relatively low tendency to pain catastrophizing.
These characteristics of our CBP patients might result from our inclusion criteria that were already at
the advertisement, namely the request not to use any medication (beside contraceptive) 48 h prior to
the experiment. This might have deterred more seriously affected CBP patients from participating in
our experiment. This limitation is not only important with respect to explaining part of the behavioral
results, but it should also be taken into account for the generalizability of the fMRI results. Nevertheless,
the magnitudes of pain intensity ratings differed highly significantly from HC. In addition, CBP patients
were significantly more depressed than HC, indicating an impairment of everyday life due to chronic
pain states. Therefore, in the sense of generalizability, we would expect that our results rather
underestimate the effect of CBP. Another limitation is that fMRI group differences were calculated
using depression (BDI values) as covariates. Furthermore, our subjects were requested to attend to the
presented words and to produce images in their mind with respect to these words. However, we were
not able to control whether subjects fulfilled the requests. Future research might investigate whether
the present results will remain stable when subjects do not attend or are not requested to imagine
related scenes, as well as when CBP patients are more affected than those patients of our sample.

5. Conclusions

In summary, the present results revealed that CBP patients compared to HC show enhanced
activations to pain-related words in brain structures commonly activated while processing painful
events and while processing words with strong associations to pain. Thus, processing of verbal
pain-related information is emphasized and particularly meaningful for chronic pain sufferers.
However, as differences in brain activations to verbal expressions of pain vs. negative words became
smaller, the stronger the current pain was in the CBP patients. These results are in accordance with the
associative network theory [56], indicating a significant and systematic interplay between word and
pain processing that is enhanced during chronic pain states.

Supplementary Materials: The following are available online at www.mdpi.com/2227-9032/4/3/54/s1, Table S1:
Activations to pain-related words versus baseline for CBP patients and HC, Table S2: Activations to pain-related
versus all other word categories in the comparison between CBP patients and HC, Table S3: Activations to
pain-related words versus negative words for HC, Table S4: Activations to pain-related words versus negative
words for CBP patients.
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CBP chronic back pain
HC healthy control
fMRI functional magnetic resonance imaging
BOLD blood oxygen level-dependent
DLPFC dorsolateral prefrontal cortex
ERP event-related potential
VAS visual analogue scale
NRS numerical rating scale
mPFC medial prefrontal cortex
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SMA supplementary motor area
MI primary motor cortex
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Abstract: Biofeedback is a process in which biological information is measured and fed back to a
patient and clinician for the purpose of gaining increased awareness and control over physiological
domains. Surface electromyography (SEMG), a measure of muscle activity, allows both a patient and
clinician to have direct and immediate access to muscle functioning that is not possible with manual
palpation or visual observation. SEMG biofeedback can be used to help “down-train” elevated muscle
activity or to “up-train” weak, inhibited, or paretic muscles. This article presents a historical and
clinical overview of SEMG and its use in chronic low back pain assessment and biofeedback training.

Keywords: surface electromyography (SEMG); biofeedback; flexion-relaxation; chronic low back
pain (CLBP)

1. A Historical Overview of Biofeedback

Biofeedback is a process in which biological information is measured and fed back to a patient
and clinician. Though biofeedback technology can be used for diagnostic purposes, it is most
often used for self-regulation skills training. The goal of biofeedback training is to teach increased
awareness and control over biological process. Due to limitations in the available technology at
the time, first generation biofeedback equipment provided only an analogue needle display or a
simple sound. As the technology improved in the 1970s, digital numerical displays became available.
Biofeedback became computerized in the 1980s with the first Apple computers. Today, biofeedback
has become much more sophisticated, allowing computerized multimedia colorful interactive displays
and sounds, and allowing detailed recordings and statistical analysis of biological information.
Despite these advances, the accuracy and meaningfulness of a biofeedback signal is dependent
on the grade of the equipment and the skill of the practitioner, in knowing proper skin preparation,
sensor placement, measurement settings, display setup, and signal interpretation [1]. A good source
for biofeedback training and certification is the Biofeedback Certification International Alliance [2].

A number of biofeedback modalities are used in chronic pain management and physical
rehabilitation, including autonomic nervous system measures (hand temperature, skin conductance,
and heart rate), central nervous system measures (electroencephalography (EEG)), and biomechanical
measures (force and pressure) [3]. Surface electromyography (SEMG) is one of the oldest biofeedback
modalities [4]. It was used in clinical research as early as the 1920s, by Edmond Jacobson, the developer
of the progressive muscle relaxation therapeutic technique [5,6]. When speaking with patients,
clinicians often describe SEMG as measuring "muscle tension," but it is actually a measure of the
electrical activity generated by muscle action potentials, which are rapid electrical signals that travel
along the surface of the motor end plate, resulting in a muscle contraction [7]. SEMG allows both a
patient and a clinician to have direct and immediate access to muscle functioning that is not possible
with manual palpation or visual observation. Three electrodes are required to measure a single muscle
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area: one positive, one negative, and one reference. In biofeedback terminology, this is called a
“placement.” When assessing the lumbar muscles, for example, electrodes are most often applied
vertically on the erector spinae muscles, with equal distance between the sensors, in two separate
placements, on the left and right side of the back [8]. When measuring SEMG with a standard
biofeedback instrument, the raw SEMG signal is usually converted to a root mean square, rectified
SEMG signal, for easier interpretation [1]. Depending on one’s clinical or research purposes, the
practitioner can further modify the measurement characteristics of the signal (such as sampling rates
and filters) and display characteristics of the signal (such as gain and smoothing) [1]. SEMG biofeedback
has been used for general relaxation training, stroke rehabilitation, and treatment of pain. SEMG can
be used to help “down-train” elevated muscle activity or to “up-train” weak, inhibited, or paretic
muscles [3].

Traditional biofeedback involves an operant conditioning process in which movement toward the
desired goal is shaped over time, with minimal therapist instruction [9]. This training methodology
works well with autonomic nervous system modalities, in which the training goal is to lower general
autonomic nervous system arousal. In fact, it is likely that most biofeedback practitioners who treat
chronic pain patients use SEMG in this way. A very common SEMG placement for general relaxation
training is to place one active electrode above each eye on the forehead. This Frontalis placement has
historically been seen as a good indicator of emotional distress and an indicator of general tension in
the rest of the body, although this second assumption has not been shown to be true [10,11]. In fact,
early studies of SEMG biofeedback training for pain treatment tended to focus on the Frontalis muscle,
regardless of the painful body part that was being treated [12]. Regardless of these old assumptions,
stress is well known to exacerbate pain, and many chronic pain patients have poor coping strategies for
managing stress, so any skills that patients can learn to help them relax, including SEMG biofeedback
training to lower facial tension or other muscle tension in the body, may be found to be beneficial.
General relaxation training with a variety of methods, with or without biofeedback assistance, has
been shown to be an effective treatment for pain [13].

In contrast to traditional biofeedback, SEMG biofeedback for purposes of muscle re-education
lends itself to a more direct coaching methodology [14]. A number of specific SEMG biofeedback
protocols for treating pain have been described in the scientific literature [10,14–24]. Although EMG
biofeedback is the most widely used and widely reported method of biofeedback in chronic pain
treatment and rehabilitation, few clinical SEMG biofeedback training protocols have been scientifically
tested and published in peer-reviewed journals [3]. The dearth of randomized control studies is
perhaps due, at least in great part, to the difficulty of designing studies with credible sham SEMG
feedback, which can be compared with real SEMG feedback, in assessing the efficacy of a defined
biofeedback training protocol.

There are generally two goals with SEMG biofeedback training: to increase awareness of the target
muscle(s); and to increase control of the muscle(s). A primary concept regarding SEMG biofeedback
training with chronic pain patients is that they tend to be very poor at knowing how tense they are
when compared with pain-free controls [22]. A seminal study, with chronic low back pain (CLBP)
subjects, found a deficit in their ability to discriminate between higher and lower tension levels and
a tendency to underestimate tension levels when they were elevated. This difficulty in estimating
tension levels was found in both painful and non-painful muscles sites. It was suggested by the study's
authors that these deficits may lead patients to believe that elevated muscle tension levels are in a
normal range, which may preclude adjustments to lower tension levels [25]. This type of deficit in
muscle awareness has been observed in thousands of chronic pain patients by this author.

2. SEMG with Chronic Low Back Pain

Lumbar SEMG measures, in both static and dynamic postures and movements, have been found
to be reliable in both normal and CLBP subjects, and both within and between sessions [26–30].
Some studies have found that CLBP patients display lower SEMG levels than controls during certain
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movements [31–33]. In addition, static left/right asymmetries have been reported in the lumbar
musculature [34,35]. Despite the commonly held assumption that muscle bracing can cause increased
pain, most studies have found no significant relationship between static SEMG levels and subjective
pain reports [36,37]. When comparing low back pain subjects vs. control subjects in various static
postures, the results have been equivocal, with some studies reporting significant differences, and
others not [38]. However, EMG biofeedback training of lumbar muscles in static postures has been
found to be associated with significant improvements in cognitive and behavioral indices of CLBP
for up to a 2.5 year follow-up [39]. Flor et al. (1991) found that SEMG biofeedback of the lumbar
muscles in subjects with “mild” chronic back pain was superior to cognitive behavioral counseling
(including relaxation without biofeedback) and medical “treatment as usual” in outcome measures of
pain, functional interference, and affective distress [12]. A similar study, which replicated aspects of
the biofeedback portion of the Flor et al. (1991) study, found clinical improvements in both the SEMG
biofeedback and cognitive behavioral groups, with no significant differences between the two [40]. In a
separate study of CLBP subjects with more severe functional limitations, a combination of cognitive
interventions and self-regulation skills training (including SEMG biofeedback) was found to be most
efficacious in clinical outcome measures [41]. Correcting muscle imbalances in CLBP subjects have
been reported to result in decreased pain, with gains lasting up to four years post-treatment [35].
Interestingly, a comparison group, which was educated on lumbar muscle symmetry, demonstrated
similar gains in pain to the SEMG biofeedback group. The addition of SEMG biofeedback to a
traditional exercise program for CLBP subjects resulted in a significant increase in lumbar strength
measures [42]. Whether the strength improvement was due to an actual change in the muscles or to a
reduction of fear avoidance could not be determined.

3. The Flexion-Relaxation Phenomenon

SEMG as an assessment tool has a long history within low back pain research. Beginning
in the early 1950s, researchers first began evaluating lumbar muscle activity in different postures
and movements [43–46]. This is when the flexion-relaxation (FR) phenomenon was first discovered,
in which lumbar muscles relax completely at maximum voluntary flexion. The FR phenomenon is
perhaps the most studied pattern of lumbar SEMG activity. It has now been found in many studies
that this FR pattern can be reliably measured in most normal subjects, but it is often absent in CLBP
patients [26–29,45,47–51]. An extensive meta-analysis of lumbar SEMG found that measures of FR in
previous studies have produced a large effect size (d = ´1.71) in distinguishing between CLBP patients
and control subjects [38]. FR deficits in low back pain subjects have also been found to be associated
with self-reported disability [52], pain [44,53,54], and fear of pain and re-injury [55]. When assessed as
a treatment outcome measure, positive treatment changes in FR with CLBP patients have been found
to be associated with clinical improvement in self-efficacy beliefs, fear avoidance beliefs [28], perceived
disability, pain intensity, and range-of-motion (ROM) [56].

More recently, attempts have been made to actively modify abnormal FR in CLBP patients with
SEMG biofeedback training. A biofeedback training protocol of surface EMG-assisted stretching
(SEMGAS) has been described, which teaches CLBP patients how to relax into standing maximum
voluntary flexion and achieve FR [57–59]. This procedure was first introduced in the context of
an interdisciplinary functional restoration program. The first study on this topic found that a
majority of CLBP patients who entered the functional restoration program failed to demonstrate
a normal FR pattern or normal flexion ROM. After completion of the program (with SEMGAS as a
treatment component), most of them demonstrated a significantly improved FR pattern and associated
ROM [29,56]. It was later demonstrated that, compared to functional restoration only, CLBP patients
who participated in functional restoration with the addition of SEMGAS were significantly more
successful in achieving FR after treatment completion [60]. In fact, most of these treatment patients
demonstrated normalization of FR, comparable to a pain-free control group, at treatment completion.
A follow-up study compared pre-treatment FR patterns and treatment responsiveness in three groups
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of CLBP patients: those with previous discectomies, fusions, and no previous surgeries. It was found
that patients with prior surgeries initially demonstrated greater SEMG and ROM deficits, but after
completing the functional restoration treatment, and participating in SEMGAS, the majority of patients
in all three groups demonstrated significantly improved ROM and successfully achieved FR [61].
Two recent pilot studies, using alternative SEMGAS training methodologies than the previously cited
studies, have demonstrated modest results in improving FR in groups of CLBP subjects [62,63].

4. Summary and Conclusions

As one can find with a “SEMG biofeedback for low back pain” literature search, the majority of
clinical studies on this topic were performed in the 1980s and 1990s. Few clinical outcome studies
that focus on SEMG biofeedback for CLBP have appeared in the scientific literature since that time.
Perhaps these new studies on SEMGAS indicate a sign of renewed interest in SEMG biofeedback
for CLBP. Some other new clinical research avenues may also show relevance for CLBP treatment.
Recent studies on the use of real-time muscle monitoring of neck and shoulder muscles with a portable
EMG device have been investigated with promising results. In three randomized control trials, portable
EMG biofeedback was found to be effective for reducing muscular tension and associated pain and
perceived disability in females with chronic neck/shoulder pain who were working in low-impact jobs
(including computer work) [64–66]. This same technology may prove helpful for CLBP patients as well.
Other new muscle-related biofeedback modalities may also be found to be useful in low back pain
rehabilitation, such as real-time ultrasound imaging (RTUS) biofeedback, which provides immediate
visual feedback about the shape and length of muscles as they contract and relax [3].

In conclusion, one thing is certain. Chronic pain, including CLBP, is at epidemic proportions.
A new report has determined that 100 million people in the United States alone (which is almost
one-third of the US population) have some form of chronic pain, and the majority of those have
CLBP [67]. Thus, all therapeutic avenues, including SEMG biofeedback, should be considered within a
comprehensive treatment plan for CLBP.

Acknowledgments: Thank you to Robert Gatchel and Pedro Cortez for their assistance in the preparation and
publication of this article.

Conflicts of Interest: The author declares no conflict of interest.

References

1. Sherman, R.A. Instrumentation methodology for recording and feeding-back surface electromyographic
(SEMG) signals. Appl. Psychophysiol. Biofeedback 2003, 28, 107–119. [CrossRef] [PubMed]

2. Biofeedback Certification Internatioanal Alliance. Become Board Certified. Available online:
http://www.bcia.org/i4a/pages/index.cfm?pageid=1 (accessed on 11 May 2016).

3. Giggins, O.M.; Persson, U.M.; Caulfield, B. Biofeedback in rehabilitation. J. NeuroEngineering Rehabil. 2013,
10, 1–11. [CrossRef] [PubMed]

4. Cram, J.R. The history of surface electromyography. Appl. Psychophysiol. Biofeedback 2003, 28, 81–91.
[CrossRef] [PubMed]

5. Jacobson, E. Electrical measurements of neuromuscular states during mental activities IV: Evidence of
contraction of specific muscles during imagination. Am. J. Physiol. 1930, 95, 703–712.

6. Jacobson, E. Electrical measurement concerning muscular contraction (tonus) and the cultivation of relaxation
in man: Relaxation times of individuals. Am. J. Physiol. 1934, 108, 573–580.

7. Shaffer, F.; Neblett, R. Practical anatomy and physiology: The skeletal muscle system. Biofeedback 2010, 3,
47–51. [CrossRef]

8. Cram, J.R.; Kasman, G.S. Electrodes and Site Selection Strategies. In Cram's Introduction to Surface
Electromyography; Cram, J.R., Criswell, E., Eds.; Jones and Bartlett: Sadbury, MA, USA, 2010; pp. 65–73.

9. Tan, G.; Sherman, R.A.; Shanti, B.F. Biofeedback Pain Interventions: New biofeedback therapies—Together
with modern technology—Provide viable alternatives in pain management. Pract. Pain Manag. 2003, 17,
12–18.

64



Healthcare 2016, 4, 27

10. Alexander, A.B.; Smith, D.D. Clinical Applications of EMG Biofeedback. In Clinical Application of Biofeedback:
Appraisal and Status; Gatchel, R.J., Price, K.R., Eds.; Pergamon: New York, NY, USA, 1979.

11. Suarez, A.; Kohlenberg, R.; Pagano, R. Is EMG activity from the frontalis site a good measure of general
bodily tension in clinical populations? Biofeedback Self-Regul. 1979, 4, 293–297.

12. Flor, H.; Birbaumer, N. Comparison of the efficacy of electromyographic biofeedback, cognitive-behavioral
therapy, and conservative medical interventions in the treatment of chronic musculoskeletal pain. J. Consult.
Clin. Psychol. 1993, 61, 653–658. [CrossRef] [PubMed]

13. Turk, D.C.; Swanson, K.S.; Tunks, E.R. Psychological approaches in the treatment of chronic pain
patients—When pills, scalpels, and needles are not enough. Can. J. Psychiatry 2008, 53, 213–223. [PubMed]

14. Neblett, R. Active SEMG training strategies for chronic musculoskeletal pain: Part 2. Biofeedback 2002, 30,
39–42.

15. Nouwen, A.; Solinger, J.W. The effectiveness of EMG biofeedback training in low back pain.
Biofeedback Self Regul. 1979, 4, 103–111. [CrossRef] [PubMed]

16. Ettare, D.L.; Ettare, R. Muscle learning therapy—A treatment protocol. In Clinical EMG for Surface Recordings;
Cram, J.R., Ed.; Clinical Resources: Nevada City, CA, USA, 1990; pp. 197–234.

17. Donaldson, S.; Donaldson, M. Multi-Channel EMG Assessment and Treatment Techniques. In Clinical EMG
for Surface Recordings; Cram, J.R., Ed.; Clinical Resources: Nevada City, CA, USA, 1990; pp. 143–174.

18. Criswell, E. Cram's Introduction to Surface Electromyography, 2nd ed.; Jones and Bartlett Publishers: Sudbury,
MA, USA, 2011.

19. Sherman, R.A. Pain: Assessment & Intervention From a Psychophysiological Perspective; The Association for
Applied Psychophysiology and Biofeedback (AAPB): Denver, CO, USA, 2012.

20. Middaugh, S.J.; Kee, W.G.; Nicholson, J.A. Muscle Overuse and Posture as Factors in the Development and
Maintenance of Chronic Musculoskeletal Pain. In Psychological Vulnerability to Chronic Pain; Grzesiak, R.C.,
Ciccone, D.S., Eds.; Springer Publishing Co.: New York, NY, USA, 1994; pp. 55–89.

21. Arena, J.G.; Blanchard, E.B. Biofeedback and Relaxation Therapy for Chronic Pain Disorders. In Chronic Pain:
Psychological Perspectives on Treatment; Gatchel, R.J., Turk, D.C., Eds.; Guilford Publications, Inc.: New York,
NY, USA, 2002; pp. 197–230.

22. Neblett, R. Active SEMG training strategies for chronic musculoskeletal pain: Part 1. Biofeedback 2002,
30, 28–31.

23. Schwartz, M.S.; Andrasik, F. Biofeedback: A Practitioner’s Guide, 3rd ed.; Guilford Press: New York, NY,
USA, 2003.

24. Taylor, W. Dynamic EMG Biofeedback in Assessment and Treatment Using a Neuromuscular Reeducation
Model. In Clinical EMG for Surface Recordings; Cram, J.R., Ed.; Clinical REsources: Nevada City, CA, USA,
1990; pp. 175–196.

25. Flor, H.; Fürst, M.; Birbaumer, N. Deficient Discrimination of EMG Levels and Overestimation of Perceived
Tension in Chronic Pain Patients. Appl. Psychophysiol. Biofeedback 1999, 24, 55–66. [CrossRef] [PubMed]

26. Ambroz, C.; Scott, A.; Ambroz, A.; Talbott, E.O. Chronic low back pain assessment using surface
electromyography. J. Occup. Med. 2000, 42, 660–669. [CrossRef]

27. Shihvonen, T.; Partanen, J.; Hanninen, O.; Soimakallio, S. Electric behavior of low back muscles during
lumbar pelvic rhythm in low back pain patients and healthy controls. Arch. Phys. Med. Rehabil. 1991, 72,
1080–1087.

28. Watson, P.J.; Booker, C.K.; Main, C.J.; Chen, A.C.N. Surface electromyography in the identification of chronic
low back pain patients: The development of the flexion relaxation ratio. Clin. Biomech. 1997, 12, 165–171.
[CrossRef]

29. Neblett, R.; Mayer, T.G.; Gatchel, R.J.; Keeley, J.; Proctor, T.; Anagnostis, C. Quantifying the lumbar
flexion-relaxation phenomenon: Theory, normative data, and clinical applications. Spine 2003, 28, 1435–1446.
[CrossRef] [PubMed]

30. Kippers, V.; Parker, A.W. Posture related to myoelectric silence of erectores spinae during trunk flexion.
Spine 1984, 9, 740–745. [CrossRef] [PubMed]

31. Ahem, D.K.; Follick, M.J.; Council, J.R.; Laser-Wolston, N.; Litchman, H. Comparison of lumbar paravertebral
EMG patterns in chronic low back pain patients and non-patient controls. Pain 1988, 34, 153–160.

32. Wolf, S.L.; Basmajian, J.V.; Russe, C.T.; Kutner, M. Normative data on low back mobility and activity levels.
Implications for neuromuscular reeducation. Am. J. Phys. Med. 1979, 58, 217–229. [PubMed]

65



Healthcare 2016, 4, 27

33. Wolf, S.L.; Nacht, M.; Kelly, J. EMG feedback training during dynamic movement for low back pain patients.
Behav. Ther. 1982, 13, 395–406. [CrossRef]

34. Cram, J.R.; Steger, J.C. EMG scanning in the diagnosis of chronic pain. Biofeedback Self Regul. 1983, 8, 229–241.
[CrossRef] [PubMed]

35. Donaldson, S.; Romney, D.; Donaldson, M.; Skubick, D. Randomized study of the application of single motor
unit biofeedback training to chronic low back pain. J. Occup. Rehabil. 1994, 4, 23–37. [CrossRef] [PubMed]

36. Arena, J.G.; Sherman, R.A.; Bruno, G.M.; Young, T.R. Electromyographic recordings of low back pain subjects
and non-pain controls in six different positions: Effect of pain levels. Pain 1991, 45, 23–28. [CrossRef]

37. Geisser, M.E.; Robinson, M.E.; Richardson, C.A. A time series analysis of the relationships between
ambulatory EMG, pain, and stress in chronic low back pain. Biofeedback Self Regul. 1995, 20, 339–335.
[CrossRef] [PubMed]

38. Geisser, M.E.; Ranavaya, M.; Haig, A.J.; Roth, R.S.; Zucker, R.; Ambroz, C.; Caruso, M. A meta-analytic
review of surface electromyography among persons with low back pain and normal, healthy controls. J. Pain
2005, 6, 711–726. [CrossRef] [PubMed]

39. Flor, H.; Haag, G.; Turk, D.C. Long-term efficacy of EMG biofeedback for chronic rheumatic back pain. Pain
1986, 27, 195–202. [CrossRef]

40. Newton-John, T.R.O.; Spence, S.H.; Schotte, D. Cognitive-Behavioural Therapy versus EMG Biofeedback in
the treatment of chronic low back pain. Behav. Res. Ther. 1995, 33, 691–697. [CrossRef]

41. Vlaeyen, J.W.S.; Haazen, I.W.C.J.; Schuerman, J.A.; Kole-Snijders, A.M.J.; van Eek, H.
Behavioural rehabilitation of chronic low back pain: Comparison of an operant treatment, an
operant-cognitive treatment and an operant-respondent treatment. Br. J. Clin. Psychol. 1995, 34, 95–118.
[CrossRef] [PubMed]

42. Asfour, S.S.; Khalil, T.M.; Waly, S.M.; Goldberg, M.L.; Rosomoff, R.S.; Rosomoff, H.L. Biofeedback in back
muscle strengthening. Spine 1990, 15, 510–513. [CrossRef] [PubMed]

43. Floyd, W.F.; Silver, P.H.S. Function of erectores spinal in flexion of the trunk. Lancet 1951, 257, 133–134.
[CrossRef]

44. Golding, J.S.R. Electromyography of the erector spinae in low back pain. Postgrad. Med. J. 1952, 28, 401–406.
[CrossRef] [PubMed]

45. Floyd, W.F.; Silver, P.H.S. The function of the erectores spinae muscles in certain movements and postures in
man. J. Physiol. 1955, 129, 184–203. [CrossRef] [PubMed]

46. Morin, F.; Portnoy, H. Electromyographic study of postural muscles in various positions and movements.
Am. J. Physiol. 1956, 186, 122–126. [PubMed]

47. Sihvonen, T.; Partanen, J.; Hanninen, O. Averaged (rms) surface EMG in testing back function.
Electromyogr. Clin. Neurophysiol. 1988, 28, 335–339. [PubMed]

48. Kaigle, A.M.; Wessberg, P.; Hansson, T.H. Muscular and kinematic behavior of the lumbar spine during
flexion-extension. J. Spinal Disord. 1998, 11, 163–174. [CrossRef] [PubMed]

49. Nouwen, A.; van Akkerveeken, P.F.; Versloot, J.M. Patterns of muscular activity during movement in patients
with chronic low-back pain. Spine 1987, 12, 777–782. [CrossRef] [PubMed]

50. Paquet, N.; Malouin, F.; Richards, C.L. Hip-spine movement interaction and muscle activation patterns
during sagittal trunk movements in low back pain patients. Spine 1994, 19, 596–603. [CrossRef] [PubMed]

51. Shirado, O.; Ito, T.; Kaneda, K.; Strax, T.E. Flexion-relaxation phenomenon in the back muscles: A comparative
study between healthy subjects and patients with chronic low back pain. Am. J. Phys. Med. Rehabil. 1995, 74,
139–144. [CrossRef] [PubMed]

52. Triano, J.J.; Schultz, A.B. Correlation of objective measure of trunk motion and muscle function with low-back
disability ratings. Spine 1987, 12, 561–565. [CrossRef] [PubMed]

53. Sihvonen, T.; Huttunen, M.; Makkonen, M.; Airaksinen, O. Functional changes in back muscle activity
correlate with pain intensity and prediction of low back pain during pregnancy. Arch. Phys. Med. Rehabil.
1998, 79, 1210–1212. [CrossRef]

54. Ahem, D.K.; Hannon, D.J.; Goreczny, A.J.; Follick, M.J.; Parziale, J.R. Correlation of chronic low-back pain
behavior and muscle function examination of the flexion-relaxation response. Spine 1990, 15, 92–95.

55. Geisser, M.E.; Haig, A.J.; Wallbom, A.S.; Wiggert, E.A. Pain-related fear, lumbar flexion, and dynamic
EMG among persons with chronic musculoskeletal low back pain. Clin. J. Pain 2004, 20, 61–69. [CrossRef]
[PubMed]

66



Healthcare 2016, 4, 27

56. Mayer, T.G.; Neblett, R.; Brede, E.; Gatchel, R.J. The quantified lumbar flexion-relaxation phenomenon
is a useful measurement of improvement in a functional restoration program. Spine 2009, 34, 2458–2465.
[CrossRef] [PubMed]

57. Neblett, R.; Mayer, T.G.; Gatchel, R.J. Theory and rationale for surface EMG-assisted stretching as an adjunct
to chronic musculoskeletal pain rehabilitation. Appl. Psychophysiol. Biofeedback 2003, 28, 139–146. [CrossRef]
[PubMed]

58. Neblett, R.; Gatchel, R.J.; Mayer, T.G. A clinical guide to surface-emg-assisted stretching as an adjunct to
chronic musculoskeletal pain rehabilitation. Appl. Psychophysiol. Biofeedback 2003, 28, 147–160. [CrossRef]
[PubMed]

59. Neblett, R. Correcting abnormal lumbar flexion relaxation surface electromyography patterns in chronic low
back pain subjects. Biofeedback 2007, 35, 17–22.

60. Neblett, R.; Mayer, T.G.; Brede, E.; Gatchel, R.J. Correcting abnormal flexion-relaxation in chronic low back
pain: Responsiveness to a new biofeedback training protocol. Clin. J. Pain 2010, 26, 403–409. [CrossRef]
[PubMed]

61. Neblett, R.; Mayer, T.G.; Brede, E.; Gatchel, R.J. The effect of prior lumbar surgeries on the flexion relaxation
phenomenon and its responsiveness to rehabilitative treatment. Spine J. 2014, 14, 892–902. [CrossRef]
[PubMed]

62. Pagé, I.; Marchand, A.; Nougarou, F.; O’Shaughnessy, J.; Descarreaux, M. Neuromechanical responses after
biofeedback training in participants with chronic low back pain: An experimental cohort study. J. Manip.
Physiol. Ther. 2015, 38, 449–457. [CrossRef] [PubMed]

63. Moore, A.; Mannion, J.; Moran, R.W. The efficacy of surface electromyographic biofeedback assisted
stretching for the treatment of chronic low back pain: A case-series. J. Bodyw. Mov. Ther. 2015, 19, 8–16.
[CrossRef] [PubMed]

64. Dellve, L.; Ahlstrom, L.; Jonsson, A.; Sandsjo, L.; Forsman, M.; Lindegard, A.; Ahlstrand, C.; Kadefors, R.;
Hagberg, M. Myofeedback training and intensive muscular strength training to decrease pain and improve
work ability among female workers on long-term sick leave with neck pain: A randomized controlled trial.
Int. Arch. Occup. Envion. Health 2011, 84, 335–346. [CrossRef] [PubMed]

65. Ma, C.; Szeto, G.P.; Yan, T.; Wu, S.; Lin, C.; Li, L. Comparing biofeedback with active exercise and passive
treatment for the management of work-related neck and shoulder pain: A randomized controlled trial.
Arch. Phys. Med. Rehabil. 2011, 92, 849–858. [CrossRef] [PubMed]

66. Voerman, G.E.; Sandsjo, L.; Vollenbroek-Hutten, M.M.; Larsman, P.; Kadefors, R.; Hermens, H.J. Effects of
ambulant myofeedback training and ergonomic counselling in female computer workers with work-related
neck-shoulder complaints: A randomized controlled trial. J. Occup. Rehabil. 2007, 17, 137–152. [CrossRef]
[PubMed]

67. The Interagency Pain Research Coordinating Committee. National Pain Strategy: A Comprehensive
Population Health Level Strategy for Pain. Available online: http://iprcc.nih.gov/docs/
DraftHHSNationalPainStrategy.pdf (accessed on 9 November 2015).

© 2016 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

67



healthcare

Article

Person-Centered, Physical Activity for Patients with
Low Back Pain: Piloting Service Delivery

Saul Bloxham 1,*, Phil Barter 2, Slafka Scragg 3, Charles Peers 4, Ben Jane 1 and Joe Layden 1

1 Department of Health Sciences, University of St Mark and St John, Plymouth PL11 8BH, UK;
bjane@marjon.ac.uk (B.J.); jlayden@marjon.ac.uk (J.L.)

2 London Sport Institute, Middlesex University, London NW4 4BT, UK; p.barter@mdx.ac.uk
3 Plymouth Hospitals NHS Trust, Plymouth PL6 8DH, UK; slafka.scragg@nhs.net
4 Plymouth Community Back Pain Service, Stoke Surgery, Belmont Villas, Stoke, Plymouth PL3 4DP, UK;

charles.peers@nhs.net
* Correspondence: sbloxham@marjon.ac.uk; Tel.: +44-01752-636700 (ext. 6526)

Academic Editor: Robert J. Gatchel
Received: 25 February 2016; Accepted: 10 May 2016; Published: 18 May 2016

Abstract: Low back pain (LBP) is one of the most common and costly conditions in industrialized
countries. Exercise therapy has been used to treat LBP, although typically using only one mode of
exercise. This paper describes the method and initial findings of a person-centered, group physical
activity programme which featured as part of a multidisciplinary approach to treating LBP.
Six participants (aged 50.7 ˘ 17 years) completed a six-week physical activity programme lasting
two hours per week. A multicomponent approach to physical activity was adopted which included
aerobic fitness, core activation, muscular strength and endurance, Nordic Walking, flexibility and
exercise gaming. In addition, participants were required to use diary sheets to record physical activity
completed at home. Results revealed significant (p < 0.05) improvements in back strength (23%),
aerobic fitness (23%), negative wellbeing (32%) and disability (16%). Person’s Correlation Coefficient
analysis revealed significant (p < 0.05) relationships between improvement in perceived pain and
aerobic fitness (r = 0.93). It was concluded that a person-centered, multicomponent approach to
physical activity may be optimal for supporting patients who self-manage LBP.

Keywords: low back pain; physical activity; disability; self-management; well-being; physical fitness

1. Introduction

Low back pain (LBP) is a major health concern in Western countries and is associated
with high medical expenditure, work absence [1–3] and is the most common musculoskeletal
condition [4–6]. Sixty to eighty percent of adults are likely to experience LBP [7,8] with 16% of
adults in the United Kingdom (UK) consulting their general practitioner every year [9]. Back pain
costs the UK National Health Service £1.3 million every day [1] and results in 12.5% of all work
absence in the UK [10]. Low back pain is multifactorial and can have a significant effect on patients’
quality of life. Completing routine domestic tasks such as vacuum cleaning, lifting, bending, sitting,
twisting, pulling and pushing, repetitive work, static postures and opening doors can become severely
restricted [11,12]. Contributory factors to LBP have included heavy physical work, physical fitness,
social class, occupation and employment status, drug and alcohol use and smoking history [13,14]
yet diagnosing the specific pathological or neurological cause of LBP in individual cases is often not
possible [15].

In recent years, exercise therapy has been explored to treat LBP [16–19]. It can be delivered to
a group of patients [20] and is more cost effective than individual treatment [21]. The term exercise
therapy encompasses a range of different approaches (aerobic, strengthening and flexibility exercises)
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for which the evidence provides varying degrees of support. Studies suggest that flexibility is not
correlated with measures of pain and disability [16], and those that focus upon spine flexibility have
often yielded negative results [22]. In contrast, the use of strengthening and stabilising exercises has
been shown to be more effective than General Practitioner treatment [23]. A growing body of research
has endorsed the use of endurance training to reduce LBP [17–19], as significant reductions in pain
intensity, disability and psychological strain have been highlighted.

Previous studies into LBP have focused on specific outcomes of muscular strength or
endurance [18], yet few appear to have assessed the effectiveness of LBP exercise programmes which
incorporate a range of approaches and outcome measures.

To date, the majority of research into exercise therapy as a treatment for LBP has centered on
delivering monodisciplinary interventions that have focused on improving specific outcomes such as
strength of the lumbar stabilizing muscles [23], functional range of motion of the lumbar spine [22]
or aerobic fitness [18,19]. As approximately 85% of cases are non-specific [15] it is unlikely that
one particular approach to exercise therapy can facilitate significant improvements in LBP.

At present, there is a paucity of research that explores the effectiveness of person-centered
(bio-psycho-social), multicomponent exercise therapy interventions for the treatment of LBP. This paper
describes methods and initial findings from a six week multicomponent physical activity programme
aimed at improving physical fitness, physical activity, disability and psychological wellbeing of
non-specific LBP patients.

2. Materials and Methods

According to best practice, the Local Health Authority had commissioned a multi-disciplinary
team to treat sub-acute and chronic LBP consisting of Osteopathy, Cognitive Behavioral Therapy
and exercise. The gym based exercise component had suffered from high drop-out, and as the
local University, we were tasked with providing an alternative approach. The brief was to develop
a low cost self-management style programme of exercise. We were instructed not to treat the cause
of LBP, as specific causes had not been identified and patients had not responded to conventional
treatment modalities. This pilot describes our approach taken to maximise adherence and promote
self-management of LBP.

Four female and two male patients consented to partake in this pilot (mean age 51 years ˘ 17).
All patients experienced non-specific LBP, and had been expressing symptoms for >3 months.
Each patient was medically screened by their general practitioner and Physical Activity Readiness
Questionnaire (PAR-Q) and informed consent were obtained. The stature (Leicester Height,
Seca Limited, Birmingham, UK) and body mass (Weight Counting Scale, Seca Limited, Birmingham,
UK) of the patients were 168.3 cm ˘ 8.8 cm and 87.7 kg ˘ 23.1 kg respectively. The instructors
explained, demonstrated and supervised all physical activity undertaken by the group with support
from student helpers studying for sport and health science related degrees. Each patient was fully
informed of their right to withdraw from the programme at any time, or abstain from partaking
in prescribed activities. The programme consisted of six weekly sessions lasting up to two hours.
The sessions were divided into seven activity blocks to provide regular breaks and cater for patients’
needs as documented in Table 1.
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2.1. Week One—Introduction

The session commenced with an introduction to the programme, followed by a team building
activity and baseline testing. Anthropometric measures such as body mass, stature, body fat and
lean muscle mass (Body Stat 1500 Body Composition Measuring Unit, Body Stat, Douglas UK) were
obtained. Aerobic capacity was measured using the Chester Step Test (Assist Creative Resources,
Wrexham, UK). A back strength dynamometer (Takei Physical Fitness Test, Niigata, Japan) was
used to assess back and leg strength, and a hand grip dynamometer (Takei Physical Fitness Test,
Niigata, Japan) was used to assess hand grip strength. The prone double straight leg raise test and
the plank test were utilised to measure muscular endurance of the low back. Measures of flexibility
of the low back, pelvis and hamstrings were recorded using a clinical goniometer (MIE Medical
Research Limited, Leeds, UK) and a sit and reach box (Fitech, Southampton, UK). Patients completed
a contract outlining the terms and conditions of the programme and Modified Oswestry Low Back Pain
Disability (MODQ) and Well-being (WB12-Q) questionnaires. In addition, patients were encouraged to
complete a “daily diary” sheet which included an adapted faces pain scale to indicate daily pain levels
(1 = feels worst, 6 = feels best). These were subsequently used to inform weekly patient-instructor
discussions completed at the start of every session alongside a recap and general introduction.

On the first week, an information booklet was provided to participants to help them complete
a programme of home exercise and dietary advice to re-enforce educational themes covered during
the sessions. The home exercises followed the weekly theme and the exercise prescription was
individualised for each patient. This was informed by the weekly patent-instructor discussion,
which encouraged a meaningful dialogue of trial, error and participant feedback. In addition, the
context of how the exercises were completed was addressed to promote participant ownership and
long-term adherence. For example, some participants wanted to integrate exercise into ADL, whereas
others wanted more formal timeslots to complete their exercise. Although imposing a set exercise
regime for all participants was avoided, there were daily activities that were encouraged for all
participants to complete during the week. These included mild activation of the transverse abdominis,
sit-to-stand exercises, the “bird-dog”, “back saver sit up”, the “side plank” [12] a walking programme
and stretches. All these were adapted according to ability, with patients encouraged to set their
own weekly goals with support. These were then reviewed at the start of the following week’s
instructor-patient discussion. All home activities were progressed and adapted over duration of the
programme. Participants were encouraged to utilise the back saving techniques when completing ADL
and troubleshoot any personal movement difficulties that they encountered (such as lifting, getting
into and out of vehicles, vacuuming, occupational tasks). At the end of week one, the group was
briefed on the benefits of walking, and each participant was given a “Pedometer Challenge” recording
sheet and a pedometer. For the remainder of the programme the patients were asked to record how
many steps they completed each day, and new targets were mutually agreed each week.

2.2. Week Two—Motion Patterns and Core Activation

The main focus of this session was core activation and movement motion patterns. After a small
group discussion concerning the previous week’s activity, an introduction to core activation and chair
based activities were completed. These included sit-to-stands, glut activation, calf raises and abdominal
bracing. Back saving motion patterns were practiced including the hip hinge and pelvic mobility
applied to normal ADL such as lifting, lowering, vacuuming, pushing and pulling, sitting and general
domestic tasks. The group was also differentiated into three ability groups (red, amber and green)
determined through a combination of patient self-assessment and instructor observation. These sub
groups were invited to partake in an outside walk focusing on posture and technique. The patients
were then introduced to Nordic Walking, again focusing on mastery of technique, co-ordination and
posture. Core strengthening activities were completed at the end of the session. Weekly targets were
then personalized for each patient, who were advised to explore places in their local area that could
be used for physical activity. Patients were also encouraged to consider significant others to share in
these physical activities (spouse, children, grandchildren and friends).
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2.3. Week Three—Aerobic Fitness

Session three focused on aerobic exercises and lifestyle management. Following a recap on posture
and core activation, relaxation techniques were introduced. Patients were then inducted into the aerobic
ergometers in the fitness suit (treadmill, cycle, cross-trainer, rower). Following an extended warm-up,
a variety of intensities were explored to enable patients to experience light and moderate intensity
exertion. Patients were encouraged to notice their breathing patterns and heart rate as well as ratings
of perceived exertion. Exercise bouts were limited to 10 min on each ergometer with an emphasis
on mastery, posture, technique and peer-to-peer interaction and enjoyment. The session concluded
with core strengthening and a series of lower limb and lumbar stretches. In all activity blocks, patients
were encouraged to select the most appropriate activity for them and where appropriate, each was
adapted accordingly. Home based tasks and personalized goals were discussed alongside an emphasis
on patient achievements and progress.

2.4. Week Four—Muscular Strength and Endurance

Following improvements in group dynamic patients were more inclined to share personal
experiences. This session included discussions around diet and nutrition and patients were instructed
to keep a week-long food diary for analysis the following week. The group was then introduced
to a range of exercises for upper, lower and core exercise that could be completed at home with
commercially available resistance bands. The aim was to ensure core stability when completing
a series of balanced multi-joint, functional exercises simulating lifting, lowering, pushing and pulling.
The group were then tasked with completed their own aerobic warm-up on their desired ergometer
in the fitness suit, followed by an induction onto machine based multi-joint resistance equipment.
Once again the emphasis was on technique, a selection of balanced exercises and correct breathing.
A muscular endurance exercise prescription was adopted. Patients were then encouraged to lead their
own core and flexibility activity, based on their prior learning during the programme. A review of
home based activities and personalised goal setting concluded the session.

2.5. Week Five—Freeflow

The main purpose of week five was for patients to have a high degree of autonomy and choice.
Patients could self-select activities they had already experienced on the programme, participate
in an aqua based session, experience exergaming or gentle sporting options such as table tennis.
The group shared feedback and comments on their food diaries. The “eat well” plate and other
nutritional guidance was discussed with particular emphasis on hydration, dieting and processed
food types high in fat, sugar and salt. Further group discussions also focussed on exit progamme
opportunities and activities relevant to patient’s local area and preferences.

2.6. Week Six—Exit Programme and Post Testing

Post-testing was completed in the final session replicating week one. This enabled patients
an opportunity to discuss their progress and exit strategy. The session ended with an informal
discussion between the patients and instructors in a café. The patients were encouraged to continue
with what they had learned, recognize the progress they had made and adhere to a physically
active lifestyle.

2.7. Treatment of Data

All data for pre and post test results were represented as means ˘ standard deviation. Data were
inputted and stored in a Microsoft Office Excel 2007 Spreadsheet (Microsoft Corporation, Reading,
UK). Statistical analysis was performed using SPSS Software (SPSSv15 Inc., New York, NY, USA).
Differences between means ˘ standard deviation (SD) were identified using paired sample t-tests
where significance was accepted at p < 0.05. Pearson’s Correlation Coefficient were conducted to
represent relationships between the change in physical measures and the MODQ.
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3. Results

Analysis of the MODQ as identified in Table 2, revealed improvements in seven of the
ten measured categories, with the greatest in sleeping (´50%), employment/homemaking (´27%) and
sitting (´27%) with the overall disability rating decreasing by 16%. However none of the categories
had statistically improved compared to pre-programme values. There were no improvements in the
personal care and walking categories with standing increasing by 11%.

Table 2. Pre-post programme Modified Oswestry Low Back Pain Disability (MODQ) scores (˘SD) and
percentage changes.

Category Pre-Programme (˘SD) Post-Programme (˘SD) Change (%)

Pain Intensity 1.6 (1.5) 1.2 (1.6) ´25
Lifting 2.2 (1.8) 1.8 (2.1) ´18
Sitting 2.2 (0.8) 1.6 (0.9) ´27

Personal Care 0.6 (0.9) 0.6 (0.6) 0
Walking 1.2 (1.6) 1.2 (1.6) 0
Standing 1.8 (1.3) 2.0 (1.4) +11
Sleeping 1.2 (1.3) 0.6 (0.9) ´50

Travelling 2.0 (1.0) 1.8 (0.8) ´10
Social Life 2.0 (1.2) 1.8 (1.1) ´10

Employment/Homemaking 2.2 (0.8) 1.6 (0.9) ´27
Disability Rating 34.0 (22.5) 28.4 (17.6) ´16

The WB12-Q, as reported in Table 3, revealed significant (p < 0.05) improvements for negative
wellbeing ´32% and although not significant (p > 0.05), increases in “energy” (35%) and “general
wellbeing” (20%) were also identified.

Table 3. Pre-post programme Well-being (WB12-Q) scores (˘SD) and percentage changes.

Category Pre-Programme (˘SD) Post-Programme (˘SD) Change (%)

Negative Wellbeing 5.0 (5.0) 3.4 (3.8) ´32 *
Energy 5.2 (4.2) 7.0 (2.5) +35

Positive Wellbeing 5.4 (2.7) 5.6 (2.9) +4
General Wellbeing 17.6 (10.2) 21.2 (8.1) +20

* Indicates significantly different to pre-programme values (p < 0.05).

The value of the trendline identified in Figure 1, demonstrated a small improvement from 3.37 on
day one compared to 3.60 on day thirty five. This can be extrapolated to a 7% decrease of pain reported
by patients over the duration of the programme.

Figure 1. Mean Adapted Faces Pain Scale ratings from day one to day thirty five.
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All measures of physical fitness improved during the six-week programme with significant
(p < 0.05) findings in back (23%), hand grip strength (15%) and aerobic fitness (23%). Improvements in
static muscular endurance (33%) and leg strength (29%) were also notable, as identified in Table 4.

Table 4. Pre-post programme physiological performance data.

Measure Pre-Programme (˘SD) Post-Programme (˘SD) Change (%)

Back Strength (kg) 59.0 (51.2) 72.7 (55.0) +23 *
Leg Strength (kg) 91.6 (45.7) 118.40 (58.4) +29

Hand Grip Strength—Left (kg) 30.0 (11.6) 34.5 (12.8) +15 *
Hand Grip Strength—Right (kg) 32.0 (11.9) 34.6 (9.9) +8

Prone Leg Raise (s) 56.2 (43.0) 49.8 (39.2) +6
Plank (s) 35.3 (25.5) 53.75 (45.5) +33

Fluid Goniometer (˝) 52.7 (17.1) 62.67 (11.2) +19
Sit and Reach (cm) 21.7 (9.7) 23.92 (9.0) +10

Aerobic Capacity (mL O2¨ kg´1¨ min´1) 30.2 (7.60) 37.0 (4.5) +23 *

* Indicates significantly different to pre-programme values (p < 0.05).

The results from the body composition analysis, illustrated in Table 5, revealed significant (p < 0.05)
7% increase in lean mass and 13% decrease in body fat mass (p < 0.05) whilst body fat percentage also
decreased by 9%.

Table 5. Pre and post programme anthropometric measures.

Measure Pre-Programme (˘SD) Post-Programme (˘SD) Change (%)

Body Fat Percentage (%) 32.5 (7.8) 29.6 (10.1) ´9
Body Fat Mass (kg) 27.4 (6.4) 23.8 (7.31) ´13 *

Lean Mass (kg) 54.5 (16.0) 58.1 (17.5) +7 *
Total Mass (kg) 87.7 (23.1) 88.6 (22.9) +1

* Indicates significantly different to pre-programme values (p < 0.05).

Physical activity levels as measured by daily Pedometer step count increased during the
programme (Figure 2). The lowest mean number of steps completed was 5021 on day fourteen,
with the greatest mean number of steps, 9281, completed on day twenty nine.

Figure 2. Daily mean step count of the group.
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Table 6 shows a significant negative correlation between aerobic fitness and the MODQ. No other
variables were related to changes in MODQ.

Table 6. Relationship between the change in MODQ and physiological data.

Mean Change in Physical Measure r-Value

Body mass (Kg) ´0.141
% Body Fat ´0.615

Back Strength (Kg) 0.171
Leg Strength (Kg) ´0.365

Hand Grip (right) (Kg) ´0.107
Hand Grip (left) (Kg) 0.409
Prone Leg Raise (s) ´0.018

Fluid Goniometer (˝) ´0.176
Sit and Reach (cm) ´0.614

Aerobic Capacity (mls O2/Kg/min) ´0.973 *
Walking (steps per day) ´0.179

* Indicates correlation is significant p < 0.05 (2-tailed).

4. Discussion

The results from the MODQ indicate that although the disability of the group decreased by 16%,
patients disability rating remained classified as moderate. General wellbeing was shown to increase by
20%, however neither of the net improvements in disability or wellbeing were significant (p > 0.05).
Each patient improved their aerobic fitness, resulting in a significant (p < 0.05) group improvement.
Data from the pedometers indicated that the group gradually increased their daily mean step count.
Improvements occurred in all of the physiological performance measures, with significant (p < 0.05)
improvements occurring in back and hand grip strength. Daily assessment of pain, using an adapted
faces pain scale, highlighted that the group generally experienced less pain (higher score), as the
programme progressed. Positive changes were also observed in the body composition of the group
with significant (p < 0.05) decreases in body fat and increases in lean mass identified.

The results from the MODQ (Table 2) suggest that the intervention programme was effective at
decreasing the disability of the group. Prior to the intervention programme, the mean group disability
rating of 34 points placed the group closer to the “severely disabled” category (41 points). The 16%
decrease in disability over the course of the programme resulted in a post-intervention disability rating
of 28.4 points, which placed the group closer to the “minimally disabled” category score (20 points).
These findings are encouraging given that the MODQ has been shown to be a reliable LBP questionnaire
when detecting changes in disability [24]. However, it should be noted that the overall classification of
‘moderately disabled’ remained unchanged, and a decrease of less than six points (34´28.4) is at best
modest. Perhaps this finding reflects the need to increase the programme’s duration to extend beyond
six-weeks, the small sample of the pilot and the variable nature of non-specific LBP. An objective of
the programme was to improve patient’s ability to self-manage back pain and promote exercise as
an alternative to prescribed pain medication. Any large reductions in pain are likely to occur over
a longer time period, emphasizing the need to conduct a patient follow up.

The overall disability classification includes pain scores from the ten categories within the MODQ.
Two of the three areas which showed the greatest improvement were employment/homemaking
(´27%) and sitting (´27%). These considerable improvements could be attributed to the educational
approach of the programme that was designed to relate to ADL. The programme specifically addressed
how to employ good posture and motion patterns such as sitting, vacuuming, opening doors and
bending [12].

The only category to reflect an increase in pain was the standing category, which increased by 11%.
Throughout the programme, considerable effort was dedicated to increasing overall physical activity,
balance work and walking and as such this additional loading may partly explain the 11% increase in
“standing pain”.
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The groups’ aerobic fitness improved significantly (p < 0.05) over the duration of the intervention
from 30.2 mL O2¨ kg´1¨ min´1 at pre-testing to 37.0 mL O2¨ kg´1¨ min´1 at post-testing. Evidence from
other studies [17–19] indicates aerobic exercise as one of the most beneficial forms of exercise for people
with LBP. Although our pilot intervention was 50% shorter than others [19], the results demonstrated
promise. Our pilot recorded a 16% decrease in disability (compared to 31%), a 25% decrease in
pain intensity (compared to 41%) and a significant (p < 0.05) 32% decrease in negative wellbeing
(compared to 35% decrease in psychological strain). A large proportion of this intervention focused on
promoting aerobic fitness and physical activity mediated through person-centered lifestyle changes.
The “pedometer challenge”, prescription of aerobic exercise, educational sessions and self-mediated
goal setting are likely to be the reasons for the significant (p < 0.05) group improvement in both aerobic
fitness and physical activity.

Improvements in each participant’s aerobic capacity were negatively correlated (p < 0.05) with
changes in their MODQ score. Although the sample size in this pilot demand cautious interpretation,
the suggestion that greater improvements in aerobic fitness may lead to greater decreases in LBP is
consistent with other more substantial studies [25]. The decrease in pain experienced by patients in our
pilot was also reflected by 7% improvement identified by the adapted faces pain scale, as highlighted
in Figure 1. Upon close scrutiny the lowest scores on the faces pain scale (highest pain) appear to
coincide with the lowest pedometer step count (days 11–15 on Figures 1 and 2). Although potentially
coincidental, this supports the relationship identified between increased step count and reductions in
MODQ disability.

There are various reasons why LBP patients may experience reduced pain following increased
aerobic exercise. It is well established that endurance exercise can increase lipid metabolism and
if the correct energy balance is established through dietary intake, a reduction in body fat percentage
can occur. Our body composition data support this with percentage body fat decreasing by 9%.
Excess body fat can add unnecessary loading to the spine, exacerbating pain, which can also further
reduce physical activity and thereby create a cycle of deterioration. Therapies that can reduce spinal
loading and promote muscle conditioning, in this case as a consequence of increased physical activity,
should feature as part of a LBP exercise programme. Moreover it is well documented that aerobic
exercise can increase the release of endorphins which can inhibit pain through stimulation of the central
and peripheral opiate receptors [26]. Our efforts to promote aerobic physical activities that relate to
ADL and functional movement, such as walking, appear justified, particularly as augmented walking
programmes have been associated with reduced pain and improvements psychological health [17].

Table 3 shows that the group expressed a significant (p < 0.05) 32% decrease in negative wellbeing,
which is comparable to the 35% decrease in psychological strain exhibited in other research [19].
Negative wellbeing is a reflection of external factors such as health and social support. The lower
the score for negative wellbeing the better the patients feel about their health and the social support
available. The significant decrease in negative wellbeing could reflect the effectiveness of the pilot on
improving patients’ quality of life. Our person-centered approach, willingness of instructors to listen
to patient experiences, and patient peer support, were intended to create a comfortable and supportive
environment. Nevertheless the lack of improvement in positive wellbeing may also reflect the need for
a longer intervention, as the all-encompassing nature of non-specific LBP is notoriously difficult to
resolve in a short time.

The greatest improvement represented by the WB12-Q came in the “energy” category, which
improved by 35%. This would indicate the group was feeling fresher, more rested and active at the
end of the intervention. This finding is supported by the MODQ results for the “sleeping” category
which suggest the patients had experienced a 50% improvement in their ability to sleep. These
three variables were combined to produce a net 20% increase in “general wellbeing”. The “daily
diary” provided the patients with the opportunity to comment about each day and the associated
impact of LBP. At the start of each session the instructors would review the diaries and discuss key
points with the patients. This provided a valuable means of understanding each individual patient
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need. For example, when planning the skill based activities the instructors used the daily diaries to
match pertinent activities for individual patients (such as golf, bowls and netball). Some required
personalized support for completing housework activities, yet others required advice for office and
computer work. Thereby, the daily diaries enabled instructors to address patient’s specific needs and
served to monitor and advise on physical activity that they were completing at home. Unpopular or
ineffective exercises could also be removed or modified. The diversity of the group with regards to
age and severity of LBP was managed through sub-grouping of the patients into ability levels using a
traffic light system [27].

Despite the comparatively short six-week time frame, all of the measures of strength, muscular
endurance and flexibility improved during the pilot. The greatest improvements were observed in
static muscular endurance (33%) and leg strength (29%). Significant improvements (p < 0.05) occurred
in aerobic fitness, back strength (23%) and hand grip strength of the left hand (15%). The improvements
in the fluid goniometer test (19%) and sit and reach test (10%) were not related to MODQ scores which
is consistent with other studies [16]. Nevertheless improvements in flexibility to increase the range
of motion around the pelvis, hamstrings and low back would intuitively provide improvements
in functionality.

The welcome improvements in grip, leg and back strength complemented the back saving
techniques taught throughout the programme. The combination of educational and physical training
are likely to translate to better patient ability to spare the back during lifts, loads and carrying out
ADL more safely. Additionally, the improvements in muscular endurance could delay the onset of
fatigue within the muscles associated with the patients’ LBP, thereby delaying the symptoms of LBP
that hinder functionality during the day.

Patients were complementary about their experience during the programme and although not
unexpected, patients reported that the programme was enjoyable and effective. These patient views
were perhaps substantiated by the 100% retention and attendance rate recorded during the pilot.

5. Conclusions

The findings of this pilot suggest that our person-centered, multidisciplinary approach to group
exercise may be effective at treating LBP, although six weeks may be too short to invoke substantial
decreases in disability as measured using the MODQ. Future longitudinal studies, with larger samples
are required for these findings to be substantiated. Improvements in aerobic fitness and physical
activity may relate to the small decreases in pain (MODQ, adapted faces pain scale), disability (MODQ)
and negative wellbeing (WB12-Q).
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Abstract: This study examined the biopsychosocial characteristics of chronic low back pain (CLBP) in
an understudied but increasingly larger part of the population: the elderly (i.e., 65 years and older).
A new innovative physical functioning measure (postural control, which is a proxy for the common
problem of slips and falls in the elderly) was part of this biopsychosocial evaluation. Also, the National
Institutes of Health (NIH)-developed Patient-Reported Outcome Measurement Information System
(PROMIS) was also part of this comprehensive evaluation. Two demographically-matched groups
of elderly participants were evaluated: one with CLBP (n = 24); and the other without (NCLBP,
n = 24). Results revealed significant differences in most of these measures between the two groups,
further confirming the importance of using a biopsychosocial approach for future studies of pain and
postural control in the elderly.

Keywords: biopsychosocial; chronic low back pain; postural control; PROMIS; elderly patients

1. Introduction

The recent Institute of Medicine Report has documented that musculoskeletal pain is the most
common single type of chronic pain; chronic low back pain (CLBP) is the most prevalent in this
category [1]. The economic burden of CLBP is also quite large, and continues to grow in the U.S.
It should also be kept in mind that, with the “graying of America”, this CLBP problem will significantly
increase in the future. Currently, there are approximately 35 million Americans 65 years or older,
accounting for 12.4% of the total population [2], or about 38 million Americans [3]. By the year 2030, it is
projected that about 20% of the population (72 million) will be 65 years of age or older [2]. Awareness of
these population trends contributes to increased concern about healthcare issues among older adults,
including CLBP. Indeed, the U.S. is in the process of what is known as the “longevity revolution”,
an occurrence happening as the population of older adults increases. Making up approximately
12% of the population in the US, older adults are more susceptible to falls because of age-associated
ailments [4], resulting in roughly one-third of older adults falling annually, with one-fifth of them
necessitating medical attention [5]. The monetary burden associated with fall injuries (especially low
back pain) is projected to reach $32.4 billion dollars by the year 2020 [6].

Falls and fall-related injuries (such as CLBP) are one of the chief origins of morbidity in older
adults, and are a precursor to functional impairment, disability, fractures, pain and, therefore,
lower quality of life [7,8]. In more severe cases, falls have been a significant cause of injury-related
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death in the older adult population [6]. While it is generally accepted that there is an association
between falls and chronic pain [9], the relationship between falls and low-back pain from a causal
perspective is not entirely understood. This study did not seek to find a causal link. However, a brief
overview provides some context for the relationship between fall-risk and CLBP. Rudy, Weiner,
Lieber, Slaboda, and Boston found significant differences in physical function, psychosocial function,
and severity of medical comorbidity in high functioning community-dwelling older adults with
CLBP compared to those who were pain free [10]. Weiner, Rudy, Morrow, Slaboda, and Lieber found
a distinct relationship between neuropsychological performance, pain, and physical function [11].
Furthermore, the psychological phenomenon known as “fear of falling” may play a role in increasing
the risk for subsequent falls via further limiting physical activity [12] as well as being the catalyst for
changes in gait mechanics that lead to inefficient gait characteristics [13], further increasing the risk for
falls. The deliberate avoidance of physical activity seen in fear of falling can also lead to muscle atrophy
(a marker of physical frailty) [14], which is also seen in older adults with chronic low back pain [15].

Physical activity has been confirmed to improve physiological functions such as balance, flexibility,
and muscle tone, thereby reducing the likelihood of sustaining a fall [16]. There is a large body of
research that links physical activity, or the lack thereof, to decreased postural control and consequently
increased fall risk [17]. Stubbs and colleagues report that sufficient evidence exists to conclude that
exercise reduces falls in older adults. Furthermore, evidence suggests impaired physical function also
impacts psychosocial well-being [17]. For example, the aging population tends to withdraw from
physical activity, increasing fall risk [18]. This withdrawal from physical activity not only negatively
affects an elderly individual’s postural control, but also disrupts the quality of mental well-being.
In fact, Morgan and colleagues concluded that there is a strong relationship between physical activity
and mental health, showing that older adults who participate in regular physical being more resistant
to experiencing depression, and to having better overall mental health [19]. Overall, a large body of
research shows a definite relationship between regular physical activity and improved postural control,
and between regular physical activity and improved mental well-being [19], suggesting a relationship
could exist between fall risk and psychosocial variables such as anxiety, depression, fatigue, pain and
physical function.

In addition, Bradbeer and colleagues found that older adults who exhibit symptoms of depression
are more likely to experience chronic pain than those who are not depressed [20]. Osteoarthritis, due to
physical inactivity (among other factors), contributes to chronic pain, which is then followed by
avoidance of physical activity [21] thus exacerbating the cycle of decreased physical activity, sarcopenia,
and osteoporosis. Chronic pain can also decrease participation in ADLs. Decreases in ADLs are
seen with aging independent of pain, but pain can initiate a cycle of limited ADLs fostering a fear
of movement, further decreasing functional capacity, and then to increased pain [22]. Similar to
depression, anxiety is also associated with chronic pain. Older adults tend to have increased anxiety,
especially when it comes to fear of falling [23], and this anxiety leads to restricted movement [24],
which, as previously discussed, exacerbates pain and impairs postural control. Pain also impacts sleep
quality [25], which can also directly impact postural control. One study showed that subjects who
reported being “sleepy” had greater postural sway than individuals who were well-rested [26].

Pinpointing easily-measured variables concomitant with fall risk would be advantageous in order
to reduce an individual’s risk of sustaining a fall. Because experiencing a fall can have a devastating
impact on the quality of life in the elderly, it is vital that brief, inexpensive, and easy-to-use tests are
available for everyday clinical use [27]. Therefore, as a first step in this process, the present study
evaluated what biopsychosocial variables are related to those elderly individuals who have CLBP,
and those who do not have NCLBP. Postural control, measured by the NeuroCom Balance System,
and other biopsychosocial variables measured by the PROMIS-29, were evaluated.
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2. Methods

2.1. Participants

A total of 78 older adults were recruited from the local community from informative presentations
about the Center for Healthy Living and Longevity (CHLL) at the University of Texas at Arlington at
various places such as churches, retired faculty gatherings, word-of-mouth from friends, and even
doctor recommendations. Participants took part in a research project pertaining to postural control
and psychosocial assessments through CHLL at the University of Texas at Arlington. All participants
had physician approval and provided informed consent to participate per the Institutional Review
Board (IRB) at the University of Texas at Arlington. There were 24 participants in the CLBP group
and 24 matched participants in the NCLBP group. Participants were also assessed for CLBP with the
National Institutes of Health (NIH) definition of CLBP. The definition asks two questions in classifying
participants with or without CLBP. They were also matched on demographic variables, which are
presented in Table 1.

Table 1. Demographics.

Measure CLBP NCLBP Matched Pair (Total)

Sample size 24 24 48
Mean Age 73.96 74.04 74.00

Male 33.3% 33.3% 33.3%
Female 66.7% 66.7% 66.7%

Previously Exercised (Yes) 58.3% 50.0% 54.2%
Previously Exercised (No) 41.7% 50.0% 45.8%

Education Less than 9th Grade 0.0% 0.0% 0.0%
High School Graduate/GED 4.3% 4.3% 4.3%

Some College 34.86% 26.10% 30.4%
Associates Degree 4.3% 8.7% 6.5%
Bachelors Degree 39.1% 30.4% 34.8%

Graduate/Professional Degree 17.4% 30.4% 23.9%

2.2. Instrumentation

The NeuroCom Smart Balance Master System detects any changes in an individual’s balance
over time by measuring the participant’s ability to control the center of gravity in various sensory and
motor conditions. The participant stands on a force plate, facing into a three-sided booth. The force
plate and visual surround move in response to the participants’ forwards and backwards sway,
creating a disturbed proprioceptive or visual input to the brain. This distortion causes the participant
to rely heavily on alternative senses to maintain equilibrium. Sway refers to changes in the center
of the persons applied force as a result of moving forwards or backwards. Postural control was
assessed using the sensory organization test (SOT) and strategy analysis under six conditions with
a NeuroCom SOT. The SOT procedure accurately identifies aberrations in the participant’s use of the
three sensory systems that contribute to postural control: visual, vestibular, and somatosensory [28].
Throughout the assessment, erroneous information is delivered to the participant’s feet, eyes, and
joints through “sway referencing” of the visual surround and/or the support surface. The participants
were fitted with a cushioned vest that was attached to the NeuroCom’s system outer structure in order
to safeguard him/her from a fall. Each condition was executed three times. Outcome measures for this
test included: (1) Equilibrium Score which quantifies the center of gravity (COG) sway or postural
stability; (2) Sensory Analysis ratios which are used in conjunction with the participant’s equilibrium
scores to detect deficiencies of the participant’s sensory systems; (3) Strategy Analysis which measures
the relative amount of movement of ankle strategy and hip strategy the participant used to maintain
balance throughout each trial; and (4) COG Alignment plots the individual’s COG position at the
beginning of each trial of the SOT, in which each mark determines COG alignment during a single
SOT trial, relative to the center of the base of support.
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After the participants’ postural control was assessed with the NeuroCom Balance System,
participants were assessed for the components of physical fitness in upper- and lower-limb muscular
strength and endurance, cardiovascular endurance, and upper- and lower-body muscular flexibility.
Participants were then questioned on the amount of falls they have had in the past year and 6 months.
No measures of physical fitness or fall frequency were used in the current study analysis. All physical
fitness scorecards, NIH CLBP definition inventories, and consent forms were stored in file cabinets,
and locked in the lab, and later de-identified and coded into SPSS.

The Patient Reported Outcomes Information System (PROMIS 29) is a computer-adaptive
test designed to measure the following seven psychosocial constructs: physical function; anxiety;
depression; fatigue; sleep disturbance; ability to participate in social roles and activities; and pain
interference. The PROMIS-29 has been tested and validated for concurrent and discriminant validity,
test-retest reliability, as well as participant preference for measuring health-related quality of life [29].

2.3. Procedures

Participants first consented to the IRB-approved protocol of the current study. After consent,
participants filled out the NIH definition of CLBP inventory with paper and pencil. If the participants
marked “they have had low-back pain for greater than three months or longer” and also marked
“having low-back pain for at least half the days in the past 6 months or more”, the participant was
classified as having CLBP. Participants who marked “having low-back pain for less than 3 months” or
“having it less than half the days for the past 6 months” were classified as NCLBP.

Once consented and the NIH definition of CLBP inventory completed, and demographic information
collected, the PROMIS-29 Computer Adaptive Test was administered. The computer-adaptive aspect of
the PROMIS proves advantageous in that information is drawn from a large database and is formatted
to a specific individual, based on the individual’s response to the previous question. The NIH is
encouraging its use and have extensively developed it working towards, and achieving, validation
among the population. Each participant was assigned a computer, and created a test profile before
taking the assessment. When the participants finished the PROMIS-29 CAT, they logged out of
their profile and results were saved, to be accessed later in order to be de-identified and transferred
and coded into IBM’s Statistical Package for Social Science (SPSS). The participants also completed
two other inventories on the computer after the PROMIS-29 that were not used in analysis of this
present study (the Balance Efficacy Scale, and the Comprehensive Fall Risk Assessment).

2.4. Scoring

During the SOT, participants were tested under 6 conditions, 3 trials per condition, for a
total of 18 trials. Each trial lasted 30 s. The force plate and visual surround moved in response
to the participant’s center of gravity sway. The inclusive composite Equilibrium Score provides
a representative score of the individual’s’ capacity to sustain postural stability throughout all conditions.
Effective use of the individual’s’ sensory inputs is derived from the overall pattern of scores on each
of the six conditions. The composite Equilibrium Score is the weighted average encompassing the
average scores of conditions 1–6.

The Strategy Analysis score is derived by plotting the data from the force plate and the Equilibrium
Scores together to quantify the amount of movement of the ankles or the hips. The Strategy Analysis
score reflects the extent of movement concerning the ankles (ankle-dominant strategy) and hips
(hip-dominant strategy) used to sustain postural stability throughout each trial. The closer the scores
are to 100, the more ankle-dominant strategy was used to maintain stability. Conversely, the closer to
0 score reflects a more hip-dominant strategy used to maintain postural control. Typically, as stability
is sustained, individuals utilize an ankle-dominant strategy primarily, shifting to a more hip-dominant
strategy under conditions where postural control is more difficult to maintain [30].

The constructs of the PROMIS-29 item banks have been individually developed using patients’
representative of the 2000 US Census [29]. The subsequent question pool contrasts between each
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domain (anxiety, depression, fatigue, pain-interference, sleep disturbance, and physical function).
There are 29 questions each in the anxiety and anger domains, 28 questions with respect to depression,
95 questions pertaining to fatigue, 41 in the pain-interference bank, 39 questions with regards to
pain-behavior, 27 questions about sleep disturbances, 124 questions regarding physical function,
16 questions in the sleep impairment domain, 12 and 14 in the social impairment and social roles
domains, respectively. The CAT selects a group of questions from the item pool for the participants to
answer, generally 4–12 questions per domain. The CAT presents the first question and, based on the
participant’s answer, selects subsequent questions from the question bank, until the responses satisfy
the precision criteria of 80% reliability [29]. The resultant outcome is a t-score and standard deviation
based on the standardized US population. The mean t-score is 50 and the standard deviation is 10.
An individual score is given per each domain. Each domain provides a total score, a score compared
with the general US population, a score compared with patients in the same age group, and a score
compared with non-patients in the same age group. Each score is reported as either better or worse
than norms [29].

2.5. Data Analyses

SPSS version 22.0 statistical software was used to conduct all statistical analyses.

3. Results

The PROMIS data for each of the two groups are presented in Table 2. Multivariate statistical
analysis of these data yielded a significant Pillai’s Trace Statistic of V = 0.40 F(6, 41) = 4.59, p = 0.001,
ηp

2 = 0.40. As can be seen, CLBP and NCLBP groups significantly differed (based on separate analyses
of variance) for: perception of pain interference, F(1, 46) = 24.89, p < 0.001, ηp

2 = 0.35; perception of
physical function, F(1, 46) = 10.26, p = 0.002, ηp

2 = 0.18; and fatigue F(1, 46) = 5.01, p = 0.03, ηp
2 = 0.10.

Sleep disturbance approached significance F(1, 46) = 3.01, p = 0.089, ηp
2 = 0.06. It should be noted

that all of the above had medium-large effect sizes (large: >0.14; medium: >0.05; small: >0.009).
No significant differences were found between groups for anxiety and depression.

Table 2. Patient-Reported Outcome Measurement Information System (PROMIS) data descriptives.

Measure
CLBP NCLBP

M SD M SD

Anxiety 51.38 6.63 50.25 7.30
Depression 49.08 5.33 46.54 6.29

Fatigue 53.00 7.60 48.71 5.53
Pain Interference 59.17 7.15 49.08 6.85
Physical Function 40.96 4.91 46.29 6.51
Sleep Disturbance 48.38 5.82 45.33 631

The NeuroCom data for each of the two groups are presented in Table 3. Multivariate statistical
analysis of the data did not yield statistical significant results between CLBP and NCLBP groups’
overall equilibrium, strategy (ankle-dominant or hip-dominant strategy), or composite balance
scores. However, for differentiating between CLBP versus NCLBP groups, the following measures
taken together were significant: NeuroCom average equilibrium scores in conditions four, five,
and six; NeurCom average strategy scores in condition three and six; overall average NeuroCom
somatic system score; and PROMIS scores on pain inference and sleep disturbance, R2 = 0.56,
F(8, 39) = 6.15, p < 0.001. Results of this regression model yielded individual significant relationships,
reported as individual beta-weight t tests, for: average scores of equilibrium NeuroCom condition four
(β = −0.29, t(39) = −2.02, p = 0.05); equilibrium average score in NeuroCom condition five, (β = 0.50,
t(39) = 2.39, p = 0.022); NeuroCom overall somatic system score (β = −0.25, t(39) = −2.26, p = 0.029);
sleep disturbance (β = 0.31, t(39) = 2.45, p = 0.019); and pain interference (β = 0.45, t(39) = 3.56,
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p = 0.001). Average strategy score on NeuroCom condition three approached statistical significance
(β = −0.28, t(39) = −1.98, p = 0.054).

Table 3. Neurocom data descriptives.

Measure
CLBP NCLBP

M SD M SD

Strategy 81.85 6.55 84.88 4.96
Equilibrium 77.32 5.34 79.14 5.41

Composite Balance 73.96 6.53 76.00 6.99

4. Discussion

The purpose of this present study was to determine whether or not a relationship exists between
a new functional measure of balance (postural control as assessed using the NeuroCom Balance System),
and the PROMIS psychosocial variables, in elderly individuals with or without CLBP. A number
of significant findings were revealed. Most importantly, there were differences found between the
two groups on various psychosocial measures and newer postural control functioning indices. To date,
there has been little to no research conducted to establish whether or not a relationship exists between
postural control and mental health and well-being, especially in the elderly. Moreover, the logistic
regression model independently replicated a number of previous studies that assessed only one or
two of the measures evaluated in the present more comprehensive biopsychosocial investigation.
For example, Bradbeer and colleagues have found that older adults who experience symptoms of
depression are more likely to exhibit chronic pain than older adults who are not depressed [20].
A number of other studies have independently confirmed some of the individual associations revealed
in the present investigation. For example, Messier and colleagues found osteoarthritis contributed to
chronic pain, avoidance of physical activity, sarcopenia, and osteoporosis [21]. Mossey and Gallagher
reported that pain initiated a decreased ADL, fostering a fear of movement, and decreasing functional
capacity [22]. Howland and colleagues showed that older adults tend to have increased anxiety,
particularly in regards to fear of falling [23], van Haastregt and colleagues reported that anxiety leads
to limited movement [24]. Lautenbacher, Kundermann, and Krieg found that pain impaired sleep
quality [25]. Finally, Jorgensen and colleagues revealed that being “more sleepy” resulted in greater
postural sway [26]. The great significance of the present investigation is that it is the only one in the
scientific literature to evaluate the majority of the measures reported in the aforementioned studies
together as a whole in an elderly population, and differentiating those participants who either had
CLBP or NCLBP.

The field of biopsychosocial clinical research views the importance of the interaction among
biological, psychological and social factors in pain, and the need in taking all of these into
consideration when evaluating the “whole” person [31,32]. The significance of the present study
was the use of a relatively new physical measure of postural control, and its relationship to pain
and other psychosocial measures (as assessed by the PROMIS) in an elderly community-dwelling
population. Taken as a whole in the regression model, it was revealed that there were greater levels
of perceived pain inference, sleep disturbance, and fatigue (in the CLBP sufferers) compared to their
NCLP counterparts. Also, there were significantly lower scores on perceived physical function and
strategy of balance in the CLBP group, relative to the NCLBP group. Moreover, the CLBP group had
greater scores on depression and anxiety, with lower scores in equilibrium and composite balance
compared to the NCLBP group.

Of course, it should be noted that in any clinical research study of this type, there could be
some potentially confounding factors that may or may not have played a role in influencing the
findings. For example, the selection process of the participants in the sample could be a source of
bias [32] due to the sample not being representative of the population in terms of education level and
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income level, history of diseases among participants, and medication influence. In the total matched
paired sample of the current study, 73.1% of the participants had a college degree, and 38.5% of
the total sample had a graduate or professional degree. It has been reported that individuals with
lower levels of education are more likely to have a sedentary lifestyle, relative to those with a higher
education. There are many health-risk factors and unhealthy habits associated with a sedentary
lifestyle [22]. The sample of participants in the current study were more educated than the normal
population and, therefore, may not have been totally representative of the population as a whole.
Nevertheless, as reviewed above, many novel and important statistically significant findings were
revealed, and the study provided the first comprehensive biopsychosocial results in the scientific
literature, using different outcome measures, in the under-studied elderly population with CLBP.
These results warrant further investigation.

5. Conclusions

The results of the study yielded significant differences between elderly individuals with CLBP
and NCLBP, with the CLBP participants scoring higher in the psychosocial dimensions of pain
interference, fatigue, and the approaching significance in regards to the dimension of sleep disturbance.
Physical function scores were also significantly different between groups, with the CLBP group
scoring lower than the NCLBP group. No significant differences were found between groups in
regards to balance variables measured by the NeuroCom balance system, although the variables of
condition four results of the NeuroCom (participant balance on a tilting force plate from sway with
eyes closed), equilibrium average scores on condition five (force plate and surroundings move in
regard to participants sway), NeuroCom overall somatic scores, along with sleep disturbance and
pain interference measures, significantly predicted CLBP among participants, with strategy scores on
condition three of the NeuroCom approaching significance as a predictor of CLBP. The results suggest
that it is imperative that a biopsychosocial approach is used when investigating future constructs for
the manifestation and management of pain and fall prevention in the geriatric population, and suggest
a treatment to address the psycho-social and balance aspects of CLBP.
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Abstract: Despite the fact that unspecific low back pain is of important impact in general health
care, this pain condition is often treated insufficiently. Poor efficiency has led to the necessity of
guidelines addressing evidence-based strategies for treatment of lower back pain (LBP). We present
some statements of the German medical care reality. Self-responsible action of the patient should
be supported while invasive methods in particular should be avoided due to lacking evidence in
outcome efficiency. However, it has to be stated that no effective implementation strategy has been
established yet. Especially, studies on the economic impact of different implementation strategies
are lacking. A lack of awareness of common available guidelines and an uneven distribution of
existing knowledge throughout the population can be stated: persons with higher risk suffering
from LBP by higher professional demands and lower educational level are not skilled in advised
management of LBP. Both diagnostic imaging and invasive treatment methods increased dramatically
leading to increased costs and doctor workload without being associated with improved patient
functioning, severity of pain or overall health status due to the absence of a functioning primary care
gate keeping system for patient selection. Opioids are prescribed on a grand scale and over a long
period. Moreover, opioid prescription is not indicated properly, when predominantly persons with
psychological distress like somatoform disorders are treated with opioids.

Keywords: low back pain; guideline-based treatment; somatisation

1. Introduction

The onset of chronic lower back pain (cLBP) is based upon various factors. A former history of LBP
is the most consistent risk factor for transition from a baseline of a pain-free state [1]. LBP is marked
as chronic if the pain occurs on more than half of the days of the last half-year. In a broader sense,
cLBP is defined as the final point of a chronification process including the following characteristics:
generalization of pain, changing areas of pain, other complaints that cannot be explained merely
somatically (buzzing in one’s ears, digestive disorders, insomnia). Furthermore, changes in behaviour
are concomitant, for instance increasing consumption of medication, alternating presentation of
different symptoms, avoidance of exercises and social withdrawal [2].

The risk of suffering from LBP differs significantly within the general population.
Especially psychological distress in terms of dysfunctional behaviour plays a decisive role in the
development process [2]. In less than 10% of the cases LBP can solely be explained somatically. In fact,
LBP is often an alternative expression of physical stress symptoms of which the patients are seldom
aware. LBP is rather a medical condition than a complete medical entity. In combination with other
symptoms like depression or anxiety disorders, cLBP is an expression of distress [3].
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Several countries developed guidelines in order to provide a systematic approach for treatment
of cLBP with similar procedures both for diagnosis and treatment [4,5]. However, both patients and
physicians are seldom aware of how to deal properly with LBP according to recommendations of
common available guidelines [5]. Monomodal therapy often leads to insufficient therapeutic response,
hence it is important to identify the distinct factors of causing pain and treat them properly in terms of
a multidisciplinary (=multimodal) therapeutic approach [6].

The aim of this article is to outline the medical care reality in Germany in terms of diagnosis and
treatment of LBP by presenting processed statistical data of German insitute for tarification system for
hospital care. Despite increasing numbers of diagnostic and therapeutical procedures, the effectiveness
of treatment is still poor. Lacking awareness of common available guidelines of how to cope with LBP
leads both to an increasing dependency of the patient from the therapist due to insufficient perception
of self-effectiveness of a therapy and furthermore to outdated treatment approaches heavily influenced
by the habits of the therapist.

1.1. Epidemiology

Life time prevalence for acute LBP (aLBP) varies between 58% and 85% (in Western industrial
nations), one-year prevalence varies between 20% and 40% and point prevalence for Germany is 8% for
men and 14% for women. The biggest incidence is found in the fourth decade of life [7,8]. The resulting
costs (both direct costs for medical treatment and indirect costs for stoppage and/or retirement pay)
varies between €400 and €7000 per patient and year. In total, costs of over 50 Billion Euros occur solely
in Germany each year. Six percent of all direct costs for medical treatment, 15% of all incapacity for
work and 18% of all early retirements are associated with LBP [8]. Education and appearance of LBP
correlate significantly [5]. A representative study of how to coop with available guidelines proved that
higher education is a protecting factor for suffering from LBP. A total of 82.9% of the participants with
lower education levels suffered from lower back pain at least once in their lifetime compared to only
62.4% of people with university degrees. Especially women with lower education had a significantly
higher risk of suffering from LBP. In contrast to this, participants with an university-entrance degree
had a 70% lower risk, those with completed academic studies had a 60% lower risk of developing
LBP [5].

1.2. Data Source

Our data analysis was based upon free availabe health care data provided by the German insitute
for tarification system for hospital care—InEK (http://www.g-drg.de). To ensure compensation
for general hospital services in Germany, a consistent performance-oriented remuneration system
was established according to the Hospital Finance Act (KHG). Basis for this is the G-DRG-system
(German-Diagnosis Related Groups-System), in which every treatment case is compensated by flat-rate
payment depending upon the according DRG. Duties associated with the implementation, further
development and maintenace of the payment system were assigned by the German Hospital Federation
and health insurance associations to the InEK GmbH as the German DRG institue. All provided
in-patient and out-patient data was analysed and classified in terms of procedures and body region to
allow statements of common diagnosis and treatment procedures.

2. Diagnostics

According to the German insitute for tarification system for hospital care—InEK—the number of
MRIs of the lumbar spine rose from 40,000 in 2004 to more than 75,000 in 2007 and to more than 385,000
in 2015 (inpatient treatment). An analysis of six random trials with a total of 1084 patients showed
that with diagnostic assessment neither in short-term nor in medium-term improved clinical outcome
could be achieved, provided the fact that there was no evidence for serious underlying conditions,
so-called “red flags” (Table 1) [9].
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Table 1. “Red Flags”—specific causes of back pain symptoms.

Anamnesis Specific Cause

history of fall and/or accident fracture
drug abuse spondylodiscitis

malignant primary disease metastasis, pathological fracture
immunosupression (e.g., AIDS) spondylodiscitis

chronic infection spondylodiscitis
long-term cortisone intake cortisone-induced osteoporosis

involuntary urination and defecation conus-cauda-syndrome
paresis nerve root compression

Psychosocial risk factors, so-called “yellow flags”, gained importance as predictors of
chronification and extent of subjective impairment (Table 2). The underlying tendency for chronification
occurs on several levels: typical somatic factors like heavy labor are eclipsed by a converse behavior as
a result of a sedentary lifestyle leading to a degradation of the musculoscelettal system, influenced
by psychosocial risk factors like depressiveness and acquired helplessness in terms of coping
strategies [10].

Table 2. “Yellow Flags”—risk factors of chronification of back pain symptoms.

Risk Factor

low work satisfaction
low social status

stress
age

female sex
possibility of morbid gain

passive lifestyle
nicotine, alcohol, drug abuse

obesity
insufficient self-regulation

little physical and psychological resources

3. Therapy

3.1. Monomodal Therapy

Subjective impairment with inability to participate in terms of activities of daily-living due to
LBP lead to physician consultation. Since chronification factors from psychosocial co-morbidity are
by definition not relevant for aLBP, the usual therapy approach is merely a medical treatment with
analgesia [11]. Another aspect is a physician’s recommendation of avoidance of any physical strain
despite the fact being counterproductive in terms of a chronification process. Actually, bed rest should
be avoided with LBP, except for ischialgia where no distinct recommendation is stated; however, an
active lifestyle should be advised [12].

3.1.1. Medical Therapy

According to the pain ladder of the WHO, NSAID medication is used for mild pain. For moderate
to severe pain, mild and strong opioids are usually prescribed. Co-Analgesia like antidepressants
and antiepileptic drugs augment the analgesic effect of the basic medication. An Australian study
showed that for aLBP neither diclofenac nor spinal manipulative therapy appreciably reduced the
number of days until recovery compared with placebo drug or placebo manipulative therapy [11].
During the transition from acute to chronic LBP it is pretty common to escalate pain medication
from NSAIDs to opioid medication. Both in the USA and in Germany, the number of prescriptions
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of opioids increased by more than 100% between 1997 and 2004 [13]. However, in the long term,
no difference in pain relive can be stated for NSAIDs or opioids. Hence, an interdisciplinary guideline
for long-term opioid application for nun-tumor pain was published in Germany in 2010 (LONTS) [14]
and revised in 2015 [15]. Continuous application of opioid medication is inconsistent with the strict
indication considering contraindications of the guideline. For instance, an application of opioids for
more than 12 weeks is only recommended if an essential and comprehensible pain relief is achieved
without dosage escalation. Patients with intermittent pain episodes (for instance trigeminus neuralgia),
continuous headaches with physical not sufficiently explainable symptoms as well as patient's with
depressive or anxiety disorders should not be treated with opioids. Continuously decreasing analgesic
effects result in a paradox hyperalgesia and cognitive impairment, thus leading to abusive intake of
opioids. An evaluation of health insurance data of a German statutory health insurance company
between 2006 and 2010 showed that the number of prescriptions of opioid prescriptions increased
virtually linearly. Prescriptions of mild opioids were decreasing for non-tumor pain, but increasing
for tumor pain, while the number of prescriptions of strong opioids was increasing both for tumor
and non-tumor pain. Differences occurred in terms of duration and kind of the preferred substances,
including the considerations of common contraindications (e.g., somatoform disorders). The majority
of strong opioids being prescribed for non-tumor pain were fentanyl pain patches for 40 to 45 year old
males with average annual costs of 1833 Euros per patient. Out of 21,000 patients with somatoform pain
disorder, 44.4% were treated with opioids (20.7% with mild, 23.7% with strong opioids). Prescribing
behavior was often not consistent with common indications and contraindications.

3.1.2. Interventional Therapy

During the last few years, a massive increase of spinal injections in the lumbar region from 778,362
in 2006 to 1,197,302 in 2009 (inpatient and outpatient treatment) was observed, a trend similar both
in the USA and in Germany [16]. Effects of injections can be stated, but only last for a limited period
of time [17]. Beside the doubtful effectiveness of those therapies, the risk of side-effects like infection
and/or vascular lesions are considerably increased leqading to problematic cost-benefit-ratio [18].

3.1.3. Surgical Therapy

In Germany, the number of lumbar spinal surgery increased from 165,000 in 2006 to 250,000 in
2009 an to more than 705,000 in 2015 (inpatient treatment), comparable to the development in the USA
(Table 3). Although leading to considerable costs and complications by an increasing number of spinal
surgeries, a verifiable benefit of quality of life cannot bet stated [18]. Several studies showed that less
than half of the patients with spinal surgery became pain free, independent from the applied surgical
technique [9,17,18].

3.1.4. Synopsis of Monomodal Therapy

Considering present studies, monomodal strategies—conservative, interventional or
operative—show only little effects in terms of treatment of cLBP. In a recent meta-analysis
with a total of 76 trials reporting on 34 treatments it was observed that only 50% of the investigated
treatments had statistically significant effects and for most the effects were small or moderate [19].
This meta-analysis revealed that the analgesic effects of many treatments for non-specific low back pain
are small and that they do not differ in populations with acute or chronic symptoms. A main reason
for this outcome is that cLBP has a multifactorial pathogenesis which is not covered sufficiently with a
monomodal therapy approach. Pointless therapeutical action (due to unfulfilled patient’s desires and
physician’s increasing readiness to act) leads to a medicalization of a common pain phenomenon,
ignores patient’s own resources and replaces theses resources by ongoing escalation of therapeutical
approaches. Since the patient’s resources are hereby ignored paternalistically, a sustainability of a
therapeutical approach is not reachable [2,5,13].
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Table 3. Number of procedures of inpatient treatment between 2014 and 2015 according to the German
Procedure Classification System (OPS) 1.

OPS Code Procedure Definition Number of Cases

3-802 MRI of the vertebral column and spinal cord 280,631

3-823 MRI of the vertebral column and spinal cord with application of
contrast media 92,779

3-841 MRT myelography 12,418

385,828

5-83 (5.836) surgical procedures of the spine (spondylodesis) 706,666 (64,812)

8-020.7 therapeutical injections of the intervertebral disc 9860
8-914 injections of nerve roots and injections near the spine for pain therapy 127,678
8-915 injections of peripheral nerves for pain therapy 136,700
8-916 injections of the sympathetic nervous system for pain therapy 2592
8-917 injections of vertebral joints for pain therapy 4452

281,282
1 The German procedure classification (Operationen- und Prozedurenschlüssel-OPS) is the official classification
for the encoding of operations, procedures and general medical measures in the inpatient sector and for surgical
procedures in the outpatient sector. The German Institute of Medical Documentation and Information (DIMDI)
publishes the OPS classification on behalf of the Federal Ministry of Health. Its use in inpatient care is laid down
in § 301 Volume V of the German Social Security Code (SGB V) and for surgical procedures in the outpatient
sector in § 295 SGB V (www.dimdi.de).

3.2. Multidisciplinary Therapy

This is understood as the application of different kinds of body therapy (exercises for strength,
endurance and mobility as well as body perception) and coequally psychotherapy (cognitive
behavioural therapy or psychodynamic therapy) in the presence of chronified pain syndromes.
The objective is an active somatic and psychological therapeutical approach. Passive methods should
be avoided. All therapies should be in a group setting with a maximum of 8 participants, seldom as an
individual therapy. The key aspect of a multidisciplinary therapy is the collaboration of all involved
persons under an individual dysfunctional concept of each patient. At least once a week, the patient’s
individual progress and drawback is discussed in a team and the patient’s treatment focus is adjusted
accordingly. It could be shown that only intensive (more than 100 h) multidisciplinary biopsychosocial
rehabilitation with functional restoration reduces pain and improves function in patients with CLBP
chronic low back pain, while less intensive interventions did not show improvements in clinically
relevant outcomes [20].

3.2.1. National Disease Management Guideline Recommendations

National disease management guidelines (NVL) incorporate medical guiding decisions and
criteria regarding diagnosis, management, and treatment of chronic diseases based upon systematic
developed and evaluated therapy strategies. In Germany, the German Agency for Quality in Medicine
(ÄZQ) coordinates a national program for disease management guidelines, similar to the National
Guideline Clearinghouse in the USA [5].

In terms of acute lower back pain, extensive diagnostic and therapeutical interventions should be
avoided and the mainly harmless natural history of the condition should be monitored [21]. However, it
is important that distinct warning signs, so-called “red flags”, of serious physical illness are excluded
reliably and at an early stage. In case of a red flag, a target-oriented therapy should be pursued
including appropriate diagnostic and therapeutical instruments, for example MRI and laboratory
diagnostics. After the exclusion of red flags, imaging diagnostic should be avoided completely for
at least 4 weeks since the information yield is negligible. It is important to explain this approach
to the patient, taking his complaints seriously. In case of persisting pain (pain reduction less than
50% after 4 weeks), a reevaluation of the clinical findings should be carried out, including imaging
diagnostics, preferably MRI. A short-term administration of medicatio—without recommendation
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of a distinct substance—can be considered, even if a relevant benefit is not verifiable [22]. In fact,
active exercises under the patient’s own authority should be encouraged while passive therapies
(including physiotherapy) should be avoided. Long-term certificates of incapacity should not be
prescribed since with the continuation of inability to work the demands of the working place
increase as as the demands of the labor market in case of job loss. With increasing inability to
work and the loss of physical and psychological strength, the probability of occupational reintegration
decreases accordingly.

Due to psychosocial risk factors, so-called “yellow flags”, of chronification of LBP, a merely
somatically based therapeutical approach is to be considered only partially promising. According to
current studies, the cost-benefit-ratio of surgical approaches (for instance disc prostheses or
mono-segmental fusions) is inconsistent, hence being not recommended [16,23]. A multidisciplinary
therapy including psychotherapy for treating CLBP is not just equal to a surgical approach in terms of
pain reduction but also more cost-effective and less risky. Multidisciplinary pain therapy is the central
therapy recommendation of the NVL encapsulating a combination of medical and psychotherapeutical
methods as well as movement therapy addressing a patient’s individual dysfunctional concept [24].
The patient’s own capabilities should be encouraged while fears and conflicts should be overcome to
achieve greatest possible self-effectiveness. One mandatory requirement for a therapy’s sustainability is
the movativation of the patient for self-responsible acting. The degree of chronification as a substantial
prognostic factor includes a generalization of pain areas from local to widely spread pain and other
complaints that cannot be explained merely somatically (buzzing in one’s ears, digestive disorders,
insomnia). The effects of a multidisciplinary pain therapy are inversely proportional to the number
of pain areas [25]. With persisting pain after 12 weeks of proper treatment (according to common
guidelines) and relevant activity limitations, a multidisciplinary therapy should be evaluated. In the
presence of psychological risk factors, a multidisciplinary therapy should be considered after 6 weeks
of unsuccessful treatment.

3.2.2. Synopsis of Multidisciplinary Therapy

The treatment of LBP is characterized by a large number of acute medical oriented methods,
for instance diagnostic imaging, injection therapy or chiropractic therapy. Due to only little additional
information yield, diagnostic imaging should be reduced to a minimum, hence treatment is usually
not affected.

Psychosocial risk factors of chronification are only respected sparsely. In particular, the number
of interventional procedures increased significantly with limited evidence for efficiency as well as
increased costs for treatment and increased risk of complications in the healing process.

Based on the recommendations of the national disease management guideline for LBP, four aspects
of treatment should be taken into account:

1. exclusion of specific causes of the complaints, red flags, by considering the medical history and a
thorough clinical and neurological examination.

2. identification of psychosocial risk factors, yellow flags, and adjusting the treatment accordingly
including psychological assistance.

3. workflow for patients with unspecific lower back pain according to the suggestions of the National
Disease Management Guidelines (NVL) (Figure 1).

4. interdisciplinary diagnosis: Due to the increasing relevance of psychosocial risk factors
in case of persisting pain, a transition to chronic pain syndromes has to be expected.
Hence, further treatment of subacute or even chronic pain syndromes must be accompanied by an
interdisciplinary diagnostic approach. In case of persisting pain after 12 weeks (or 6 weeks with
psychosocial risk factors), both re-evaluation with regard to specific causes of the pain syndromes
and diagnostic imaging (preferably by MRI) should be carried out. If no specific cause can be
verified, a chronification of the LBP is very likely. Therefore, an early activating and self-effective
therapy is of high significance. Interventional and surgical procedures, especially in terms of
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cost-benefit ratio, are negligible. With larger distance to re-integration to work and daily life,
the patient’s morbid gain will increase, therefore the patient’s motivation will be presumably be
impaired. Furthermore, the outcome of the therapy will be affected as well, hence it is of great
significance to include the patient into self-effective therapeutical possibilities.

Figure 1. Algorithm for treatment of patients with unspecific LBP according to the suggestions of the
National Disease Management Guidelines (NVL).

4. Discussion

The increasing number of diagnostic and therapeutical procedures (medical imaging,
interventional and surgical procedures) with no verification of effectiveness and high expectations
of the patients for successful treatment using technical solutions demonstrate that LBP is not merely
a medical, but rather a social phaenomenon. Despite lacking evidence, both patients and service
providers agree that a massive medicalisation of the phenomenon back pain is indispensable.
However, this view leads to a further passiveness of the patient in terms of self-effectiveness of
any therapeutical approach and an increasing level of dependence of the patient from the therapist.

A lack of awareness of common available guidelines how to cope with LBP can be stated with an
uneven distribution of existing knowledge throughout the population. Passive coping strategies like
taking pain medication or ointment therapy are favored over active coping strategies like gymnastics,
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physical activities, and relaxation exercises. Respondents with a higher level of education suffer
significantly less often from LBP and tend toward active treatment strategies. Respondents with
lower levels of education more often demand passive treatment strategies. The general population,
especially those with lower education, is not sufficiently aware of behavioral strategies for managing
LBP, as proposed in available guidelines.

The option of an active self-effective acting is ignored. The national medical guidelines
for unspecific LBP establish a therapeutical concept at different stages offering evidence-based
recommendations. Small effects of common treatment approaches for LBP yielded to the necessity of
interdisciplinary created, generally accepted and evidence-based recommendations for treatment.

However, one major problem is the focus of the guideline on unspecific LBP, because every
monomodal therapeutical approach (for instance interventional and surgical procedures) can be
legitimized by arguing that a specific cause for the pain syndrome is present. Because of the
insufficient distinctiveness between specific and unspecific pain syndromes, it will be possible to
skip the recommendations of the guideline by referring to a specific cause devaluing the concept of a
multidisciplinary therapeutical approach.

5. Conclusions

Knowledge of treatment guidelines for LBP is not sufficiently available in the general population.
Physicians should address the knowledge of patients about the rightful treatment behavior and should
provide guideline-oriented treatment strategies. Active rules of management should be emphasized
while the importance of passive rules of management should be downgraded.
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Abstract: Patients with chronic pain and depression are more likely to develop opioid abuse
compared to patients without depression. It is not known if this association differs by pain location.
We compared the strength of association between depression and opioid misuse in patients with
chronic low back pain (CLBP) vs. chronic pain of other location (CPOL). Chart abstracted data was
obtained from 166 patients seeking care in a family medicine clinic. Depression was measured by the
PHQ-9 and opioid misuse was measured using the Current Opioid Misuse Measure. Pain severity
and interference questions came from the Brief Pain Inventory. Cross-tabulations were computed
to measure the association between depression and opioid misuse stratified on pain location.
Exploratory logistic regression modeled the association between depression and opioid misuse
after adjusting for pain location and pain severity and interference. Depression was significantly
associated with opioid misuse in CPOL but not in CLBP. Regression results indicate pain interference
partly accounts for the depression–opioid misuse association. These preliminary results from a small
patient sample suggest depression may co-occur with opioid misuse more often in CPOL than in
CLBP. Further research is needed to compare this comorbidity in specific pain diagnoses such as
arthritis, fibromyalgia and CLBP.

Keywords: chronic pain; pain location; depression; opioid misuse

1. Introduction

Patients with comorbid chronic pain and depression are more likely to receive a longer duration
of opioid treatment at higher doses and are more likely to develop opioid abuse compared to
non-depressed patients [1,2]. To our knowledge, it is not known if the link between depression and
opioid abuse is similarly present in all types of chronic pain or is more common in chronic low back
pain (CLPB). We are aware of one study of pain location and opioid misuse which found prevalence of
opioid misuse was 82.8% in CLBP, 76.8% in those with arthritis, and 87.9% in neck/joint pain diagnosis
suggesting some variation in opioid misuse by pain location [3]. The association between opioid
misuse and depression could be stronger in CLBP given some evidence from patient populations
that this pain location is associated with more depression than other pain types such as migraine and
nerve root pain [4]. Comparison of fibromyalgia to other pain diagnostic groups found prevalence
of the personality profile for neuroticism was greatest in fibromyalgia (46.2%) followed by 29.2% for
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lumbar, 20.5% for lower extremity and 15.4% for thoracic [5]. These results indicate that back pain
patients have higher neuroticism compared to patients with other pain diagnoses with the exception
of fibromyalgia. Significantly greater psychological distress and higher geriatric depression measures
were reported for geriatric patients with CLBP compared to those with joint pain [6]. Data from survey
studies indicate the prevalence and incidence of depression varies by pain location [7–9].

Thus, this limited literature provides some evidence that CLBP is associated with more depression
and psychological distress than other pain types with the exception of fibromyalgia when data are
obtained from patient populations. Given the strong association between opioid misuse and depression,
we hypothesized that patients with CLBP would have a higher prevalence of depression and opioid
misuse and this association would be stronger in CLBP than in patients with Chronic Pain of Other
Location (CPOL).

We computed exploratory analysis to determine if: (1) the prevalence of depression and risk
of opioid misuse differed among patients with CLBP vs. those with CPOL; and (2) the association
between depression and risk of opioid misuse differed in patients with CLBP vs. those with CPOL.

2. Materials and Methods

2.1. Study Design and Population

Data for this cross-sectional study were obtained from a retrospective chart review of 166 chronic
pain patients receiving pain management services at an academic family medicine clinic between
January 2013 and December 2014. As part of routine care, patients presenting to the service completed
the Brief Pain Inventory (BPI), Patient Health Questionnaire-9 (PHQ-9) and the Current Opioid
Misuse Measure (COMM) at each visit. Data from initial clinical encounters were abstracted into an
anonymized data set for the present study. After removing patients with missing data on any variable,
the analytic data file contained 122 patients.

Pain conditions: From 22 primary pain diagnoses, we created a binary variable indicating
the patient had CLBP, (n = 61) or CPOL (n = 61). Conditions among the CPOL group were
osteoarthritis (n = 18), cervicalgia (n = 10), fibromyalgia (n = 7), migraine (n = 6), rheumatoid arthritis
(n = 4), neuropathic pain (n = 4), HIV neuropathy (n = 2), avascular necrosis of the hip (n = 2),
temporomandibular joint pain (n = 1), osteogenesis imperfecta (n = 1), lymphedema (n = 1), lower
extremity trauma (n = 1), diffuse idiopathic skeletal hyperostosis (n = 1), complex regional pain
syndrome (n = 1), chronic post stroke pain (n = 1) and abdominal pain (n = 1).

2.2. Measures

The three main measures assessed in this study were depression, risk of opioid misuse and
pain interference.

2.2.1. Depression

The PHQ-9 questionnaire was utilized to assess depression. PHQ-9 is a self-report tool used in
screening, diagnosing, monitoring and measuring severity of depression. The tool measures Diagnostic
and Statistical Manual of Mental Disorders—4th Edition (DSM-IV) depression symptoms with nine
items. Scores range from 0–27 and suggested thresholds are 5 (mild), 10 (moderate), 15 (moderately
severe) and 20 (severe depression) [10]. Due to sample size, we used a binary indicator of depression
with a threshold of at least 15 for depression. We used this threshold to ensure patients had clinically
relevant depression associated with seeking care and receiving treatment.

2.2.2. Opioid Misuse

The Current Opioid Misuse Measure (COMM) questionnaire was used to measure risk of opioid
misuse [11]. This questionnaire reflects patient’s risk of medication-related aberrant behavior among
chronic pain patients using prescription opioids. The COMM includes 17-items ranging from 0–4.
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A summative score more than 9 is considered an elevated risk for opioid misuse. For ease of
presentation, we refer to patients with this score as positive for risk of opioid misuse.

2.2.3. Pain Severity and Interference

We used the Brief Pain Inventory (BPI) short form [12] as a tool for measuring pain severity and
pain interference. Pain severity had four questions measuring least pain, worst pain, average pain
and current pain score, with each item measured on a 0–10 Likert scale (10 being the worst). Pain
interference contained seven questions measuring interference with: activity, mood, walking, work,
relationships, sleep, and joy using the same 0–10 Likert scale. Following BPI scoring instructions, we
created the average pain severity score by averaging all four pain scores (least pain, worst pain, average
pain and current pain score) and similarly created an average pain interference score by averaging the
seven interference components.

2.2.4. Demographic Variables

Demographic data available from chart abstraction included age, gender and race. Due to small
numbers of minority groups other than African-Americans (AA) we created a binary white/non-white
race variable.

This study was approved by the IRBs of participating institutions.

2.3. Statistical Analysis

Frequencies, means and associations were computed using SPSS 23 [13]. Differences between
CPOL and CLBP in demographics, pain indicators, depression, and opioid misuse risk were assessed
using chi-square tests for categorical variables and independent samples t-tests for continuous variables.
Also, chi-square and independent samples t-tests were conducted and stratified on pain location, to
determine if there were differences in the association between depression and no depression with
opioid misuse risk and pain. Similarly, the associations between pain characteristics and depression
with opioid misuse risk were computed after stratifying by pain location. To assess whether there were
any differential effects of depression or opioid misuse on other variables based on pain location strata,
the interaction term in an ANOVA (for continuous variables) and the Breslow-Day test (categorical
variables) were conducted. Last, a hierarchical logistic regression was conducted to calculate odds
ratios and 95% confidence intervals by first adding pain characteristics and then adding depression,
pain location, and the interaction of pain location and depression in successive blocks. All tests were
conducted at p < 0.05.

3. Results

Table 1 displays the characteristics of the 122 pain patients included in our study sample. On
average, patients were 49.6 (˘ 12.6) years of age, 56.6% female and nearly 80% white. One-fourth were
positive for opioid misuse risk and 35.2% met the criteria for depression. The average total pain score
was 6.3 (˘ 1.7) and average pain interference was 6.7 (˘ 2.4). Comparisons between CPOL and CLBP
indicated that those with CLBP had lower average pain severity, lower average least pain and lower
average pain than those with CPOL.

Table 2 shows the association between opioid misuse and pain characteristics by depression,
stratified by pain location. Among CPOL patients, 66.7% of depressed patients were positive for
opioid misuse compared to 7.5% of non-depressed CPOL patients (p < 0.001). Among CLBP patients,
depression was not related to positive opioid misuse (p = 0.19). A Breslow-Day test showed that
depression and opioid misuse were more strongly associated among CPOL than among CLBP
patients (p = 0.019). Average COMM score was significantly greater among depressed compared
to non-depressed CPOL (p < 0.0001) and CLBP (p < 0.01) patients; however the difference between
depressed and non-depressed was larger (interaction p-value = 0.016) among CPOL (difference = 13.0)
patients than CLBP patients (difference = 5.8). Among CPOL, but not among CLBP patients, average
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pain severity was significantly higher among depressed vs. non-depressed patients. Pain interference
was significantly greater among depressed vs. non-depressed patients in both CPOL and CLBP patients.
The relationship of BPI measures and depression were similar across pain location strata.

Table 1. Characteristics of family medicine pain clinic patients, n = 122.

Variables, Mean (sd) Total (n = 122) CPOL (n = 61) 1 CLBP (n = 61) 1 p-value

Age 49.6 (˘ 2.6) 50.4 (˘ 11.5) 48.8 (˘ 13.0) 0.485

Gender, n(%) 0.100

Female 69 (56.6%) 39 (63.9%) 30 (49.2%)
Male 53 (43.4%) 22 (36.1%) 31 (50.8%)

Race, n(%) 0.501

White 97 (79.5%) 47 (77.0%) 50 (82.0%)
Non-white 25 (20.5%) 14 (23.0%) 11 (18.0%)

Positive opioid misuse
(COMM 2 > 9), n(%) 30 (24.6%) 17 (27.9%) 13 (21.3%) 0.400

COMM score 2 9.2 (˘ 9.1) 9.5 (˘ 9.8) 8.9 (˘ 8.5) 0.639
Depression (PHQ-9 3 > 14),
n(%)

43 (35.2%) 21 (34.4%) 22 (36.1%) 0.850

PHQ-9 3 score 11.0 (˘ 6.7) 11.0 (˘ 6.8) 11.0 (˘ 6.7) 0.989

BPI 4 mean, (sd)

Total Average pain index 6.3 (˘ 1.7) 6.6 (˘ 1.8) 5.9 (˘ 1.7) 0.035

Worst pain level 7.7 (˘ 1.7) 7.9 (˘ 1.7) 7.4 (˘ 1.6) 0.112
Least pain level 5.0 (˘ 2.2) 5.4 (˘ 2.2) 4.5 (˘ 2.1) 0.029
Pain level on average 6.3 (˘ 1.8) 6.7 (˘ 1.8) 6.0 (˘ 1.7) 0.039
Pain level right now 6.2 (˘ 2.3) 6.5 (˘ 2.3) 5.9 (˘ 2.2) 0.115

Total Average pain
interference 6.7 (˘ 2.4) 6.7 (˘ 2.6) 6.7 (˘ 2.2) 0.900

General activity 7.2 (˘ 2.3) 7.2 (˘ 2.5) 7.2 (˘ 2.2) 0.957
Mood 6.5 (˘ 2.8) 6.4 (˘ 2.9) 6.6 (˘ 2.7) 0.713
Walking ability 6.7 (˘ 2.8) 6.7 (˘ 2.9) 6.7 (˘ 2.6) 0.987
Normal work 7.5 (˘ 2.6) 7.4 (˘ 2.7) 7.5 (˘ 2.5) 0.755
Relations with others 5.2 (˘ 3.4) 5.3 (˘ 3.6) 5.1 (˘ 3.3) 0.762
Sleep 6.8 (˘ 2.8) 6.8 (˘ 2.8) 6.8 (˘ 2.8) 0.987
Enjoyment of life 7.0 (˘ 2.9) 6.9 (˘ 3.2) 7.1 (˘ 2.7) 0.658

Note: p-value is for chi-square tests for categorical variables and independent samples t-tests for continuous
variables. 1 CPOL: Chronic pain of other location, CLBP: Chronic low back pain; 2 COMM= Chronic Opioid
Misuse Measure (0–68); 3 PHQ-9 = Depression scale (0–27); 4 BPI = Brief Pain Inventory (Average Severity and
interference: 0–10, Individual BPI items: 0–10).

Table 2. Distribution of patient opioid misuse risk and pain characteristics by depression, stratified by
pain location (n = 122).

Variables, Mean(sd)

CPOL 1 (n = 61) CLBP 1 (n = 61)

Interaction p-value 4
Not depressed

(n = 40)
Depressed

(n = 21)
p-value

Not depressed
(n = 39)

Depressed (n = 22) p-value

Positive opioid misuse
(COMM 2 > 9), n(%) 3 (7.5%) 14 (66.7%) <0.001 6 (15.4%) 7 (31.8%) 0.19 0.019

COMM 2 5.1 (˘ 5.1) 18.1 (˘ 10.9) <0.001 6.8 (˘ 7.5) 12.6 (˘ 9.1) 0.01 0.016

BPI 3

Total average pain index 6.1 (˘ 1.8) 7.6 (˘ 1.2) <0.001 5.8 (˘ 1.7) 6.3 (˘ 1.6) 0.25 0.143
Total average
pain interference 5.7 (˘ 2.6) 8.5 (˘ 0.9) <0.001 6.1 (˘ 2.1) 7.8 (˘ 1.9) 0.004 0.151

Note: p-value is for chi-square tests for categorical variables and independent samples t-tests for continuous
variables. 1 CPOL: Chronic Pain of Other Location, CLBP: Chronic Low Back Pain; 2 COMM = Current Opioid
Misuse Measure (0–68); 3 BPI = Brief Pain Inventory (Average Severity and interference: 0–10); 4 p-value for
interaction term of pain location x depression, ANOVA for continuous variables and Breslow-Day test for
dichotomous variables.
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Table 3 shows the association between PHQ-9 score and pain characteristics by opioid misuse,
stratified by pain location. The average PHQ-9 scores were significantly higher among COMM positive
CPOL patients compared to COMM negative CPOL patients. The association between COMM status
and PHQ-9 score was not significant in the CLBP group. There were marginally significant between
strata differences in the relationship of opioid misuse and PHQ-9 score (interaction p-value = 0.050).
Both pain severity and pain interference were positively related to COMM positive status among
CPOL patients. Conversely, only pain interference was higher among COMM positive CLBP patients
compared to COMM negative CLBP patients. There were no between strata differences in the
relationship of opioid misuse and pain characteristics.

Table 3. Distribution of depression score and pain characteristics by opioid misuse, stratified by pain
location (n = 122).

Variables, mean (sd)

CPOL 1 (n = 61) CLBP 1 (n = 61)
Interaction
p-value 5COMM 2

negative (n = 44)
COMM 2

positive (n = 17)
p-value *

COMM 2

negative (n = 48)
COMM 2

positive (n = 13)
p-value *

PHQ-9 3 8.6 (˘ 5.6) 17.4 (˘ 5.2) <0.001 10.3 (˘ 6.8) 13.9 (˘ 5.7) 0.08 0.050

BPI 4

Total Average pain
index 6.3 (˘ 1.8) 7.5 (˘ 1.3) 0.017 5.8 (˘ 1.7) 6.6 (˘ 1.6) 0.101 0.638

Total Average pain
interference 5.9 (˘ 2.6) 8.6 (˘ 1.0) <0.001 6.3 (˘ 2.2) 8.2 (˘ 1.2) 0.005 0.384

Note: p-value is for chi-square tests for categorical variables and independent samples t-tests for continuous
variables. 1 CPOL: Chronic Pain of Other Location, CLBP: Chronic Low Back Pain; 2 COMM = Current Opioid
Misuse Measure (0–68); 3 PHQ-9 = Depression scale (0–27); 4 BPI = Brief Pain Inventory (Average Severity
and interference: 0–10); 5 p-value for interaction term of pain location * COMM Opioid Misuse, ANOVA for
continuous variables and Breslow-Day test for dichotomous variables.

Table 4 shows results of a hierarchical logistic regression. In model 1, pain severity and interference
explain 32.0% of the variance in the likelihood of opioid misuse risk, with each unit increase in pain
interference having over twice the likelihood of opioid misuse risk (OR = 2.25; 95% CI: 1.45–3.48);
however, pain severity was unrelated to opioid misuse risk. Adding depression explained an additional
5.2% (p = 0.019) of the variance in opioid misuse risk and increased the odds of opioid misuse risk by
over 3-fold (OR = 3.32; 95% CI: 1.20–9.16). Pain location did not significantly explain any additional
variance in opioid misuse risk; however, adding an interaction term of pain location and depression in
a final model explained an additional 4.5% of the variance (p = 0.025). The significant interaction term
showed that the odds ratio for the relationship of depression and opioid misuse risk increased by over
a factor of 10 comparing CPOL to CLBP (depression OR: 10.57 vs. 1.04, respectively).
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Table 4. Logistic regression models for opioid misuse risk (COMM 1) (n = 122).

Predictor Variables
Model 1. Pain
severity and
interference

Model 2. Add
depression

Model 3. Add
pain location

Model 4.Add
depression * pain

location

Variables OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Total average pain severity 2 0.88 (0.60–1.29) 0.92 (0.61–1.37) 0.87 (0.58–1.31) 0.81 (0.52–1.26)

Total average pain interference 2 2.25 (1.45–3.48) 1.91 (1.21–3.01) 1.95 (1.23–3.09) 2.09 (1.26–3.47)

Depression (Yes vs. No) 3.32 (1.20–9.16) 3.32 (1.19–9.23)

Pain Location 3

CPOL 1.00 -
CLBP 0.64 (0.23–1.77) -

Depression * Pain Location 4

CPOL: Depression (Yes vs. No) 10.57 (2.21–50.49)
CLBP: Depression (Yes vs. No) 1.04 (0.25–4.41)

Chi-square change (df, p-value) 29.58 (2, <0.0001) 5.48 (1, 0.019) 0.74 (1, 0.390) 5.00 (1, 0.025)

Nagelkerke R-square 0.320 0.372 0.378 0.423

Note: OR = odds ratio; CI = confidence interval; 1 COMM = Chronic opioid Misuse Measure; 2 Brief Pain
Inventory (Average Severity and interference: 0–10), odds ratio represents the change in odds of opioid misuse
risk given one unit increase in average pain severity or interference; 3 CPOL: Chronic pain other location, CLBP:
Chronic low back pain; 4 Wald Chi-square p = 0.031.

4. Discussion

In patients seeking treatment at a family medicine pain clinic, we observed evidence that the
association between depression and opioid misuse differed in patients with CLBP compared to CPOL.
Results of bivariate analysis stratified on pain location revealed that depression was more strongly
associated with opioid misuse among CPOL patients than in patients with CLBP. This observation
is not explained by pain interference which showed similar significant associations with depression
in both CPOL and CLBP. Exploratory hierarchical logistic regression found that depression increases
the odds of opioid misuse after adjusting for pain location and pain characteristics (severity and
interference) and that this relationship is over 10 times stronger in CPOL than in CLBP. While pain
severity was not significantly associated with opioid misuse risk in adjusted analysis, results suggest
that pain interference independently contributes to opioid misuse risk after accounting for depression.

Our data expand on the existing literature on the prevalence of depression among different pain
types [4–9] and the prevalence of opioid misuse across different pain types [3] by showing prevalence
estimates of both opioid misuse and depression in groups stratified by pain location. Additional
studies are warranted to determine if the frequent depression—opioid misuse comorbidity varies in
CLBP compared to other specific types of pain such as arthritis, migraine, fibromyalgia, etc.

Because neuroticism is thought to be more common in CLBP [5] we expected CLBP patients
to have more depression and subsequently more opioid misuse. However our results indicate the
prevalence of depression does not differ by pain location. We did not expect to find a stronger
association of depression and opioid misuse among CPOL patients. Though speculative, these results
may be due to evidence from Morasco et al. [3] that neck and joint pain patients are more likely to have
a history of substance use disorder compared to CLBP patients (94.4% vs. 83.3%).

One potential explanation for the stronger association between depression and opioid misuse
in CPOL patients could be the significantly higher BPI score, higher average least pain and higher
average pain level among CPOL vs. CLBP. In addition BPI scores were significantly greater in the
depressed CPOL compared to non-depressed CPOL patients but did not differ by depression status in
the CLBP patients. BPI scores were also higher in COMM positive vs. COMM negative patients in the
CPOL patients but not CLBP patients. Greater pain severity in CPOL may lead to both depression and
opioid misuse in patients with CLBP. Although pain severity was not significant when modeled with
pain interference in regression analysis, this does not preclude the possibility that pain severity leads
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to greater pain interference which then increases depression and opioid misuse. Longitudinal data
collection is needed to confirm this possibility.

There are several biological mechanisms proposed for the association between pain and
depression. Common vulnerability due to past psychopathology or trauma leads to chronic pain via
changes in catecholamines, substance P and cytokine activity and less responsive opioid receptors that
may perpetuate or worsen depression [14]. Another biological underpinning for the pain-depression
relationship is inflammatory processes and oxidative stress [15]. Studies of memantine, an NMDA
receptor antagonist improves both pain and depression via reduction in glutamate activity and thereby
reducing inflammatory factors related to pain and depression [16].

Limitations include small sample size which limits the precision of our conclusions. We did not
have enough subjects to compare CLBP to specific types of CPOL such as arthritis or fibromyalgia;
however, sensitivity analysis removing fibromyalgia which is often comorbid with depression,
did not change our conclusions. We also lacked sample size to conduct stratified multivariable
logistic regression models. The data did not contain type of opioid or co-medication which may
bias results if CLBP or CPOL systematically differed in morphine equivalent dose because higher
daily opioid morphine equivalent dose is associated with depression [17,18] and opioid misuse [19].
Comorbid conditions such as specific co-occurring pain conditions and anxiety disorders, were not
available to improve control of confounding. The results may not apply to other geographic locations
or to pain patients seeking care in other settings.

5. Conclusions

We found depression was more strongly associated with opioid misuse in patients with CPOL
compared to patients with CLBP. The well-established association between depression and opioid
misuse may be less prominent in CLBP than in other pain types. Further research with larger samples
should compare this association in CLBP, arthritis, fibromyalgia and neuralgia. Refining which pain
patients are most likely to develop comorbid depression and opioid misuse can inform clinical care
and target limited resources to patients at greatest risk for this comorbidity.
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Abstract: Low back pain remains a major health problem with huge societal cost. Biomedical models
fail to explain the disability seen in response to reported back pain and therefore patients’ beliefs,
cognitions and related behaviours have become a focus for both research and practice. This study
used the Pain Beliefs Questionnaire and had two aims: To examine the extent to which pain beliefs are
related to disability, anxiety and depression; and to assess whether those relationships are mediated
by pain self-efficacy and locus of control. In a sample of 341 chronic low back pain patients, organic
and psychological pain beliefs were related to disability, anxiety and depression. However, organic
pain beliefs were more strongly related to disability and depression than psychological pain beliefs.
Regression analyses revealed that these relationships were in part independent of pain self-efficacy
and locus of control. Further, mediation analyses revealed indirect pathways involving self-efficacy
and, to a lesser extent chance locus of control, between organic pain beliefs, on the one hand, and
disability, anxiety and depression, on the other. In contrast, psychological pain beliefs were only
directly related to disability, anxiety and depression. Although longitudinal data are needed to
corroborate our findings, this study illustrates the importance of beliefs about the nature of pain and
beliefs in one’s ability to cope with pain in determining both physical and mental health outcomes in
chronic low back pain patients.

Keywords: low back pain; pain beliefs; disability; pain self-efficacy; anxiety; depression;
locus of control

1. Introduction

Despite considerable attention, low back pain remains one of medicine’s most enigmatic problems,
particularly in its chronic form. The majority of people will experience back pain at some point in their
lives [1], but only a minority will receive a definitive diagnosis [2,3]. Most low back pain is largely
non-specific in nature, but nevertheless has a societal cost greater than that for cancer, coronary artery
disease and AIDS combined [4]. A systematic review by Dagenais, Caro and Haldeman [5] showed
inconsistencies in the calculation of costs but found all studies to indicate back pain to be a substantial
burden on society. In terms of healthcare costs, a recent study from the UK indicates that costs
associated with chronic low back pain sufferers were twice that of matched controls [6]. The situation
has been described in terms of an “epidemic” [7] and as a “20th Century medical disaster” [8] and is
still perhaps one of the greatest examples of the failure of biomedical approaches. Biopsychosocial
perspectives now dominate the literature, with psychosocial factors recognized as being fundamental
in both assessment [9,10] and treatment/management [11,12]. Key to understanding the psychosocial
influence is the consideration of individuals’ beliefs, cognitions and behaviours.
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Therefore, addressing patients’ pain beliefs, cognitions and associated behaviours has become
a major issue in pain management, particularly in chronic pain. Beliefs and associated behaviours
have been associated with: The level of activity interference [13]; the frequency of pain behaviour [14];
the severity of pain experienced [15]; and levels of associated depression [16]. Two of the most
important constructs in this area, which are driven by beliefs and which influence subsequent cognition
and behaviour, are fear and catastrophising. These overlapping constructs impact upon vigilance to
pain which can in turn also lead to increases in perceived pain severity [17]. A recent meta-analysis
showed the relationship between fear and disability to be moderate to large in magnitude [18].

Ultimately, pain-related fear is more disabling than pain itself [19] as fear motivates avoidance
behaviours [20,21]. In turn, avoidance behaviour affects activities of daily living and has a role in the
transition from acute to chronic pain [22]. One of the key elements of fear is that of fear of further
injury and re-injury [23], which can be a major barrier to recovery. In addition, expectancy beliefs
are also a key factor in chronic pain. Ashari and Nicholas [24] showed pain self-efficacy beliefs to be
an important determinant of pain behaviours and the disability associated with pain. More recently,
Denison et al.’s [25] findings suggest that self-efficacy beliefs are even more important determinants
of disability than fear avoidance beliefs in primary health care patients with musculoskeletal pain.
Pain self-efficacy can mediate the relationship between clinical predictors and outcome measures.
Pain self-efficacy mediates the relationship between pain severity and associated disability [26,27]
and between pain related fear and disability [28]. It also mediates the relationship between fear and
pain intensity [28] and between pain intensity and related depression [26]. Internal pain control can
mediate reduction in levels of depression and pain behaviour following treatment [29].

Addressing problematic beliefs and related cognitions and behaviours can however, bring
improvement in function [30]. Modern back pain management programmes are frequently grounded
in the proven effectiveness of cognitive behavioural approaches [31–33] and exercise [34,35].

In the current study, participants were from a programme that explicitly addresses pain beliefs
with participants [36], particularly the erroneous notion that ”hurt = harm” and ”more hurt = more
harm”. Addressing these ”organic” pain beliefs has been shown to be associated with improvements
in function following a rehabilitation programme [37] and the strength of these beliefs has been shown
to clearly differentiate patients with chronic low back pain from the general population [38]. This
study aims to assess the extent to which pain related physical and mental outcome measures can be
explained by individuals’ pain beliefs as measured with the Pain Beliefs Questionnaire (PBQ) [39].
Furthermore, it aims to assess the extent to which the relationship between pain beliefs and physical
and mental outcome measures is mediated by pain self-efficacy and locus of control.

2. Materials and Methods

2.1. Sample

The sample comprised 341 individuals who had been referred to the Nottingham Back Team
programme located in Nottinghamshire, England. It is multi-disciplinary back pain management
programme for individuals with chronic low back pain, delivered using 7 half day sessions on
consecutive weeks. It is undertaken in community settings, i.e., utilising facilities at leisure centres
as an alternative to requiring participants to visit a hospital site. The programme takes a cognitive
behavioural approach and patients were informed that each session would incorporate, education,
exercise, relaxation and discussions with a key worker (including goal setting). The sessions are
delivered by a combination of physiotherapists, occupational therapists and nurses, with additional
input from a clinical psychologist. The authors are independent of the programme and have no clinical
role within it. Participants completed the standard battery of tests used within the programme together
with the Pain Beliefs Questionnaire. Every patient that attended for assessment during the research
period consented for their data to be used in the research, but not all responses were complete (n = 290).
All data was gathered at assessment, before commencement of the programme.
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2.2. Measures

The PBQ consists of 12 items representing two scales, which the authors described as “organic”
(8 items) and “psychological” (4 items) [37]. One advantage of this questionnaire is that it is designed
such that it is not necessary for the completer to be in pain or suffering from a specific condition (i.e., it is
condition independent). The PBQ has previously been used successfully in research investigating
chronic back pain [37–40] and with a UK general population [38]. On this occasion, the original 6 point
(“always” to “never”) scale response was modified to a 5 point scale fit better with other questionnaires
it was being used with, as part of the broader research [38]. The five items were “All of the time”,
“Most of the time”, “Some of the time”, “A little of the time”, “None of the time”. In their study
with patients experiencing chronic low back pain, Walsh and Radcliffe also describe using a 5-point
scale [37]. The PBQ organic and psychological sub-scales are scored using the sum of the items for
each scale respectively.

The Roland-Morris Disability Questionnaire (RDQ) [41] is one of the most widely used measures
of back pain related disability and was originally derived from the Sickness Impact Profile (SIP).
Twenty-four items that related to physical functions potentially affected by back pain were selected
from the SIP. Each item was then qualified with the phrase “because of my back pain” to differentiate
back pain disability from disability due to other causes [42]. Patients are asked to indicate which of the
series of statements applies to them on the day of completing the questionnaire. The RDQ provides a
single score which is calculated by summing the number of items selected. The items are not weighted
in any way. The scores therefore range from 0 (no disability) to 24 (maximum disability). The RDQ is
short, easy to understand and simple to complete [42].

The Pain Self-efficacy Questionnaire [43] is a ten item questionnaire, with each item assessed on a
scale from 0 to 6 where 0 indicates no confidence and 6 indicates complete confidence. The 10 items are
designed to cover a range of factors relating to activities of daily living. The items are not weighted and
the questionnaire provides a single scale. The scores therefore range from 0, indicating no confidence
in carrying out activities of daily living, to 60, indicating complete confidence in carrying out normal
activities of daily living.

The Hospital Anxiety and Depression Scale (HADS) [44] is a 14 item screening tool comprising two
seven item scales—anxiety and depression. To ensure a focus on anxiety and depression, symptoms
which could also be associated with somatic disorders were excluded as were those indicative of more
complex/serious psychiatric conditions. It is a widely used instrument in both clinical practice and
research. A review by Bjellanda et al. [45] identified over seven hundred papers reporting use of
HADS. It has been found to have good psychometric properties and performed well in assessing the
general severity and ‘caseness’ of both anxiety disorders and depression. It has been widely used in
trials relating to back pain including the large STarT Back trial [46].

The Multi-Dimensional Health Locus of Control Questionnaire [47] is an 18 item questionnaire
comprising 3 scales—internal, chance and powerful others. The measure has been used for several
decades and the scales are considered reliable and valid [48]. It is a general measure; not specific to
particular symptoms or conditions. The measure has been used in back pain research in the past [49]
and it was used during the development of the Pain Beliefs Questionnaire [39].

2.3. Analytic Strategy and Scoring

Initial analyses focused on examining differences in age and gender between those who completed
the questionnaires and those that did not. Gender data was not available from one completer and
one non-completer of all questionnaires. Then attention focused on correlations between beliefs,
self-efficacy, locus of control, and depression, anxiety and disability. Next, regression analysis was
used to examine the independent contributions that beliefs, self-efficacy, and locus of control variables
make to the prediction of depression, anxiety and disability. Finally, a bootstrapped mediation
model tested the conceptual model outlined in Figure 1. For each belief-mental or physical outcome
relationship hypotheses were tested simultaneously using the “Process” macro for SPSS [50], with
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5,000 bootstrapping re-samples and bias-corrected 95% confidence intervals (CIs) for each indirect
effect. In bootstrapping analyses, bias corrected CIs that do not contain 0 signify a significant indirect
effect [51,52]. Direct effects estimate how much two cases differing on the independent variable
(organic or psychological belief) also differ on the dependent variable (disability, anxiety, or depression)
independent of the effect of the mediator variables (self-efficacy and locus of control variables) on
the dependent variable. Total effects are the sum of the indirect and direct effects of the independent
variables on the dependent variable [50]. Alternate models were tested and these are presented
in the Appendix. Analysis was conducted using IBM SPSS 22 for Windows with an alpha = 0.05.
No participants were excluded from the analysis.

Figure 1. Conceptual Model of Bootstrapped Mediation Model.

2.4. Ethics

Ethical approval for the study was provided through the Nottingham Back Team via National Health
Service processes. Participants received both written and verbal explanation during their assessment
before informed consent was sought for their data to be used for the purposes of this research.

3. Results

3.1. Gender and Age Differences

Individuals who completed all questionnaires were significantly older (mean ± S.D. = 45.35 ± 13.14
vs. 48.02 ± 13.61 years) and more likely to be men (43.8% vs. 31.8%) than those who did not, p < 0.05.

3.2. Demographics

Examination of the mean and standard deviations suggested that participants were similar to
previous low back pain samples [46]; see Table 1.

Table 1. Bivariate correlations and Means (SDs).

Variables 2 3 4 5 6 7 8 9 Mean (SD)

1. Disability 0.41 *** 0.57 *** 0.56 *** 0.21 *** −0.70 *** −0.19 *** 0.14 * 0.12 * 9.58 (5.34)
2. Anxiety – 0.58 *** 0.34 *** 0.26 *** −0.45 *** −0.03 0.35 *** 0.21 *** 8.22 (3.97)
3. Depression 0.58 *** - - 0.50 *** 0.15 ** −0.70 *** −0.13 ** 0.26 *** 0.17 ** 5.96 (3.54)
4. Organic Beliefs 0.34 *** 0.50 *** - - 0.13 ** −0.59 *** −0.22 *** 0.27 *** 0.18 ** 25.91 (4.90)
5. Psychological Beliefs 0.26 *** 0.15 ** 0.13 ** - - −0.08 0.17 ** 0.00 0.02 11.28 (3.50)
6. Self-efficacy 0.45 *** −0.70 *** −0.59 *** −0.08 - - 0.22 *** −0.19 *** −0.19 *** 34.09 (13.39)
7. LOC—Internal −0.03 −0.13 ** −0.22 *** 0.17 ** 0.22 *** - - −0.01 0.06 26.58 (4.75)
8. LOC—Chance 0.35 *** 0.26 *** 0.27 *** 0.00 −0.19 *** −0.01 - - 0.39 *** 19.02 (5.27)
9. LOC—Other 0.21 *** 0.17 ** 0.18 ** 0.02 −0.19 *** 0.06 0.39 *** - - 20.07 (6.23)

LOC: locus of control; * p < 0.05; ** p < 0.01; *** p < 0.001; - - There is perfect correlation between the same
variable/s.

3.3. Bivariate Correlations

There were no gender differences in any predictor or outcome measures, p > 0.1. Age was
negatively related to anxiety, r = −0.15, p < 0.01, and internal locus of control, r = −0.13, p < 0.05.
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Accordingly, age was entered in subsequent regression analyses. Pearson’s correlations revealed that
disability, anxiety and depression were strongly inter-related but as the proportion of shared variance
was less than 50% regression models with each as an outcome variable were calculated. Disability
was strongly related to organic pain beliefs and self-efficacy, and more weakly, but significantly,
related to psychological pain beliefs and locus of control measures. Anxiety was related to organic
and psychological pain beliefs and self-efficacy, and more weakly, but significantly, related to internal
and other locus of control measures; it was unrelated to chance locus of control. Depression was
strongly related to organic pain beliefs and self-efficacy and more weakly related to psychological
pain beliefs and locus of control measures. Fisher transformations revealed that organic pain beliefs
were more strongly related to disability and depression than psychological pain beliefs (p < 0.05);
correlations between organic and psychological pain beliefs and anxiety were not different. Organic
pain beliefs were strongly related to self-efficacy and more weakly related to locus of control measures.
Psychological pain beliefs were related to internal locus of control, but were not related to self-efficacy
or chance and other locus of control (see Table 1).

3.4. Regression Analyses: Disability

After testing for multi-collinearity (all VIF < 2; all tolerances > 0.5), analysis revealed that the
regression model was significant (F(7, 333) = 56.82, p < 0.001), with 54% of the variance in the outcome
being explained by the predictors (R2 = 0.544, adjusted R2 = 0.535). There were significant positive
relationships between organic pain beliefs and disability and between psychological pain beliefs and
disability, and a significant negative relationship between pain self-efficacy and disability; there were
no other significant relationships (see Table 2).

Table 2. Beta (standard deviation) and t-values for Regression Models.

Variables Disability Beta (SD) T Anxiety t Depression t

Age 0.011 (0.016) 0.71 −0.046 (0.014) −3.24 ** −0.014 (0.011) −1.33
Organic Beliefs 0.222 (0.052) 4.26 *** 0.035 (0.046) 0.76 0.071 (0.035) 2.01 *
Psychological Beliefs 0.229 (0.058) 3.94 *** 0.259 (0.052) 5.02 *** 0.086 (0.039) 2.19 *
Self-efficacy −0.225 (0.019) −12.31 *** −0.103 (0.017) −6.24 *** −0.163 (0.013) −12.93 ***
LOC—Internal −0.041 (0.044) −0.93 −0.003 (0.040) −0.07 0.002 (0.030) 0.07
LOC—Chance −0.015 (0.043) −0.34 0.170 (0.038) 4.47 *** 0.074 (0.029) 2.55 *
LOC—Other −0.021 (0.036) −0.57 0.048 (0.032) 1.49 −0.001 (0.024) −0.06

* p < 0.05; ** p < 0.01; *** p < 0.001.

Results of the mediation analyses indicated that there was a significant indirect effect of organic
pain beliefs on disability through self-efficacy, b = −0.23, p < 0.01, BCa CI (−0.27, −0.19), which
explained 36% of the total effect. In contrast, there were no significant indirect effects of organic pain
beliefs on disability through LOC measures. The direct effect of organic pain beliefs on disability was
also significant, b = 0.25, t = 4.79, p < 0.0001. In contrast, there was no significant indirect effect of
organic pain beliefs on disability through LOC measures. For psychological pain beliefs on disability,
there were no significant indirect effects through self-efficacy or LOC measures. The direct effect of
psychological pain beliefs on disability was significant, b = 0.26, t = 4.35, p < 0.0001. Analyses with
belief and locus of control measures as mediators of the self-efficacy-disability relationship were
also examined. These suggest that the model is less parsimonious than the one proposed; these are
presented in the Appendix.

3.5. Regression Analyses: Anxiety

The regression model was significant (F(7, 333) = 25.39, p < 0.001), with 35% of the variance
in the outcome being explained by the predictors (R2 = 0.348, adjusted R2 = 0.334). There were
significant positive relationships between psychological pain beliefs and anxiety and between chance

110



Healthcare 2016, 4, 58

locus of control and anxiety, and significant negative relationships between age and anxiety and pain
self-efficacy and anxiety; there were no other significant relationships (see Table 2).

Results of the mediation analyses indicated that there was a significant indirect effect of organic
pain beliefs on anxiety through self-efficacy, b = −0.11, p < 0.0001, BCa CI (−0.15, −0.07), which
explained 18% of the total effect, and through chance locus of control, b = 0.19, p < 0.0001, BCa CI
(0.11, 0.27), which explained 5% of the total effect. There were no significant indirect effects of organic
pain beliefs on anxiety through other LOC measures and there was no direct effect of organic pain
beliefs on anxiety, b = 0.05, t = 1.06, p = 0.29. For psychological pain beliefs on anxiety, there were no
significant indirect effects through self-efficacy or LOC measures. The direct effect of psychological
pain beliefs on anxiety was significant, b = 0.26, t = 4.70, p < 0.0001.

3.6. Regression Analyses: Depression

The regression model was significant (F(7, 333) = 52.23, p < 0.001), with 52% of the variance in the
outcome being explained by the predictors (R2 = 0.523, adjusted R2 = 0.513). There were significant
positive relationships between organic pain beliefs and depression, psychological pain beliefs and
depression, and between chance locus of control and depression, and a significant negative relationship
between pain self-efficacy and depression; there were no other significant relationships (see Table 2).

Results of the mediation analyses indicated that there was a significant indirect effect of organic
pain beliefs on depression through self-efficacy, b = −0.17, p < 0.0001, BCa CI (−0.19, −0.14), which
explained 27% of the total effect, and through chance locus of control, b = 0.08, p < 0.005, BCa CI
(−0.02, 0.13), which explained 2% of the total effect. There were no significant indirect effects of
organic pain beliefs on depression through other LOC measures. There was a direct effect of organic
pain beliefs on depression, b = 0.07, t = 2.20, p = 0.03. For psychological pain beliefs on depression,
there were no significant indirect effects through self-efficacy or LOC measures. The direct effect of
psychological pain beliefs on depression was significant, b = 0.10, t = 2.42, p = 0.01.

4. Discussion

This study had two aims: To examine the extent to which pain beliefs are related to disability,
anxiety and depression; and to assess whether those relationships are mediated by pain self-efficacy
and locus of control. In a sample of 341 low back pain patients, organic and psychological pain beliefs
were related to disability, anxiety and depression. However, organic pain beliefs were more strongly
related to disability and depression than psychological pain beliefs. Regression analyses revealed
that these relationships were in part independent of pain self-efficacy and locus of control. Further,
mediation analyses revealed indirect pathways involving self-efficacy and, to a lesser extent chance
locus of control, between organic pain beliefs, on the one hand, and disability, anxiety and depression,
on the other. In contrast, psychological pain beliefs were only directly related to disability, anxiety
and depression.

The gender split of the 341 participants included in the study was comparable with other studies
of chronic low back pain [46,53]. Consideration of the descriptive statistics for the commonly taken
measures—RMDQ, PSEQ and HADS—shows a pattern fairly typical of chronic low back pain patients.
A mean disability of 9.6 is similar to that found by Hill et al. within the STarT Back trial [46] (9.8),
though slightly higher than in the large study by Foster et al. [53] (8.6). The PSEQ mean of 34.1 was
similar to that found by Foster et al. [53] (37.8). This is higher than reported by Nicholas [54] (25.8), but
lower than reported by Costa et al. [55] (44.4) in chronic low back pain patients, so it appears to be in
the range reported for chronic low back pain patients. A mean anxiety score of 8.2 was again similar to
that reported by Foster et al. [53] (8.3) albeit slightly higher than that reported by Hill et al. [46] (7.5).
Depression scores were lower than anxiety scores as is consistent within the literature and the mean of
6.0 is in line with that reported by Foster et al. [53] (6.5) and Hill et al. [46] (5.9). Overall, therefore this
could be said to be an ‘unremarkable’ sample of chronic low back pain patients.
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Organic pain beliefs deal with both the perceived cause of an individual’s pain (“hurt = harm”)
and its management (issues of control and exercise/activity). As such, they could be considered a
measure of ‘biomedical thinking’ [38]. These organic beliefs are associated with the outcome measures
of disability, anxiety and depression. Higher organic pain beliefs are associated with higher levels
of disability, depression and anxiety. On its own it could interpreted to be a good predictor of these
outcomes, but mediation analyses show that much of the effect (all in the case of anxiety) is indirect
through self-efficacy and to a lesser extent chance locus of control. The cross-sectional nature of the
data is such that different mediation models could be described, but the defined model is in keeping
with the literature on pain self-efficacy [26–28] and was the most parsimonious one (see Appendix).

Psychological pain beliefs are concerned with the impact of anxiety, depression, attention to
pain and the issue of relaxation. These beliefs are also associated with the outcome measures, but
the strength of the belief was much lower than for the organic beliefs. Higher levels of psychological
pain beliefs are associated with higher levels of disability, depression and anxiety, but the relationship
is relatively weak. Moreover, the mediation analyses showed that none of the effects were indirect
through self-efficacy or locus of control measures. Thus, psychological pain beliefs are directly related
to disability, depression and anxiety. Moreover, they appear to relate to markedly different constructs
than other commonly used belief measures, such as fear avoidance beliefs, which like organic beliefs
are mediated by self-efficacy [28]. Baird and Haslam [38] found that psychological beliefs differentiated
between chronic low back pain patients and a non-clinical sample, but unlike with organic beliefs,
there was no difference within the non-clinical sample between those who experienced frequent pain
and those who did not. It was suggested that this may indicate that psychological pain beliefs are
uniquely influenced by chronicity and not simply the presence of pain.

The PBQ has been used successfully with chronic low back pain samples [37,38,40] and this study
supports the value of the measure. The scales illustrate both direct and mediated effects on key physical
and mental health outcome measures. The measure has utility in both research and practice as it taps
into clinically relevant beliefs that are amenable to change and are the focus of many rehabilitation
programmes. Indeed, efforts to reduce the strength of these beliefs about the origins, nature and
treatment of pain, particularly the ‘biomedical’ beliefs, should yield positive results in chronic low
back pain rehabilitation [37,40].

This study supports the view that self-efficacy is an important predictor of disability [24,25,53].
It has a strong relationship with disability in bivariate analysis and its importance as an independent
predictor of disability is confirmed in the regression models. Self-efficacy also has a strong association
with mental health outcome measures, particularly depression. Further, the findings support
previous studies indicating a role for self-efficacy as mediator between beliefs and outcomes [26–28].
Although Schiphorst Preuper et al. [56] questioned the impact of psychological variables, including
self-efficacy, in a study in which psychological variables explained only 19% of the variance in
self-reported disability, it was noticeable that the research used a general measure of self-efficacy
and not a pain-specific measure as used in the current study and in previous studies mentioned
above [24,28,53]. Pain self-efficacy may represent one of the most influential and most valuable
psychological constructs in chronic low back pain [53] and it may be wise to measure this
construct in both practice and research. These beliefs may be the target of clinical intervention
via cognitive-behavioural, exercise-based programmes using both education and graded exposure.

The Multidimensional Health Locus of Control (MHLC) measure is a generic measure rather
than a pain-specific questionnaire like the other scales used within the study. As such it may lack a
degree of sensitivity with this patient population. The MHLC was used in the development of the
Pain Beliefs Questionnaire [39] but it is noticeable that the correlations found in this study are weaker
than those found by Edwards et al. [39]. The PBQ developers found no relationship between internal
locus of control and organic pain beliefs, but this study indicated a negative relationship, albeit a
relatively weak one. The regression analyses in this study illustrate that internal and powerful other
locus of control are not predictors of any of the outcomes. Chance locus of control does however
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predict anxiety and, to a lesser extent, depression. Mediation analyses showed that there was some
effect of organic pain beliefs on anxiety and depression which was indirect, through chance locus of
control. Overall MHLC appears to have limited utility in relation to chronic low back pain.

This study utilises a suitably large sample whose characteristics indicate it to be a fairly typical
chronic low back pain population. However, there were differences between questionnaire battery
completers and non-completers. Failure to fully complete the questionnaire battery was perceived
to be a consequence of time pressures during the assessment process. The difference in age (mean of
45 v 48 years) was not large however, given the nature of the sample. It was surprising that a higher
proportion of men completed the battery than did not. Given the time pressure at initial assessment,
men, who tend to be less conscientious than women [57], may have attempted the battery more quickly
and so completed it.

Finally, the study is cross-sectional so causal inferences cannot be made from this data.
The mediation models tested do reflect the literature, but it must be recognized that alternative
models could be produced which could also fit with the available data, for example beliefs may
mediate the relationships observed between self-efficacy and outcomes however this was a less
good fit. Alternatively, unmeasured variables such as pain catastrophizing, may play a role in these
relationships. Future longitudinal studies using the Pain Beliefs Questionnaire could further assess the
usefulness of the measure in predicting and explaining variations in disability, anxiety and depression
following low back pain rehabilitation programmes. In addition, controlled trials would help provide
causal information about the role of beliefs in pain rehabilitation.

5. Conclusions

Overall, this study illustrates the importance of beliefs about the nature of pain and beliefs in
one’s ability to cope with pain in determining both physical and mental health outcomes amongst
chronic low back pain patients. The pain beliefs questionnaire is a simple measure that is independent
of condition or the presence of pain, but nevertheless provides two scales that are useful in predicting
disability and mental health outcomes. Pain self-efficacy is an excellent predictor of physical and
mental pain-related outcomes and can act indirectly in the relationship between organic (‘biomedical’)
beliefs about pain and disability, anxiety and depression.
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Appendix

The main body of the paper describes the most parsimonious model, but further analyses were
undertaken to consider alternatives in relation to disability, anxiety and depression as described below:

Disability: In order to test the possibility that a third unmeasured variable may account for these
relationships, further mediation analysis was conducted, with belief and LOC measures as mediators
of the self-efficacy-disability relationship. There was a significant indirect effect of self-efficacy on
disability through organic pain beliefs, b = −0.23, p < 0.0001, BCa CI (−0.07, −0.03), which explained
5% of the total effect. The direct effect of self-efficacy on disability was also significant, b = −0.22,
t = −12.13, p < 0.0001.

Anxiety: In order to test the possibility that a third unmeasured variable may account for these
relationships, further mediation analysis was again conducted, with belief and LOC measures as
mediators of the self-efficacy-anxiety relationship. There was a significant indirect effect of self-efficacy
on anxiety through chance LOC, b = −0.20, p < 0.0001, BCa CI (−0.03, −0.01), which explained 1% of
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the total effect. The direct effect of self-efficacy on anxiety was also significant, b = −0.11, t = −6.50,
p < 0.0001.

Depression: Again, to test the possibility that a third unmeasured variable may account for these
relationships, further mediation analysis was conducted, with belief and LOC measures as mediators
of the self-efficacy-depression relationship. There was a significant indirect effect of self-efficacy on
depression through chance LOC, b = −0.08, p < 0.005, BCa CI (−0.01, 0.00), which explained 1% of the
total effect. The direct effect of self-efficacy on depression was also significant, b = −0.16, t = −13.11,
p < 0.0001.
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Abstract: Background: Strength and endurance tests are important for both clinical practice and
research due to the key role they play in musculoskeletal function. In particular, deconditioning
of the lumbar extensor musculature has been associated with low back pain (LBP). Due to the
relationship between strength and absolute endurance, it is possible that trunk extension (TEX)
endurance tests could provide a proxy measure of isolated lumbar extension (ILEX) strength and
thus represent a simple, practical alternative to ILEX measurements. Though, the comparability of
TEX endurance and ILEX strength is presently unclear and so the aim of the present study was to
examine this relationship. Methods: Thirty eight healthy participants and nineteen participants with
non-specific chronic LBP and no previous lumbar surgery participated in this cross-sectional study
design. TEX endurance was measured using the Biering–Sorensen test. A maximal ILEX strength test
was performed on the MedX lumbar-extension machine. Results: A Pearson’s correlation revealed no
relationship between TEX endurance and ILEX strength in the combined group (r = 0.035, p = 0.793),
the chronic LBP group (r = 0.120, p = 0.623) or the asymptomatic group (r = −0.060, p = 0.720).
Conclusions: The results suggest that TEX is not a good indicator of ILEX and cannot be used to infer
results regarding ILEX strength. However, a combination of TEX and ILEX interpreted together
likely offers the greatest and most comprehensive information regarding lumbo-pelvic function
during extension.

Keywords: strength; endurance; isolated lumbar extension; trunk extension; low back pain

1. Introduction

Low back pain (LBP) is one of the most common medical disorders in today’s society [1], affecting
both the Western developed world [2] and less economically developed countries [3–7]. This results in
a considerable economic burden worldwide and includes the costs of healthcare, indemnity payment,
staff training and productivity loss [8,9]. With over 100 million work days lost per year in the UK [10]
and an estimated yearly total cost of £10.6 billion [11], LBP not only affects the individual, but places
a great strain on families, industries and governments [3,12]. A further financial strain is also placed
on institutions as accurate clinical assessments of musculoskeletal function often rely on specialist,
expensive equipment.

An estimated 60%–80% of the population report back pain at some time in their life, with it often
being recurrent and persistent [13]. However, only 5%–15% of this population have attributed LBP
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to a specific cause. The remaining 85% cannot be given a precise patho-anatomical diagnosis, and so
is referred to as “non-specific” LBP [14]. Although many sufferers will recover in the acute stages
without intervention, approximately 40% of individuals will develop chronic LBP [15]. This is defined
as pain in the area between the inferior margin of the twelfth rib and the inferior gluteal fold [3,16],
with the duration of symptoms longer than twelve weeks [17,18].

Due to the symptoms experienced, people suffering with chronic LBP tend to restrict movement,
avoiding using their low back in everyday situations because of fear of pain [19]. Research suggests
that this reduction in physical activity may cause muscle atrophy, as a result of disuse of the lumbar
extensors [20]. However, several researchers have reported no difference in physical activity levels of
chronic LBP participants compared with asymptomatic controls [21–23]. Therefore, the relationship
may in fact be bidirectional, in which deconditioning itself is seen as a factor contributing to the
intolerance of physical activity [24]. Whichever the case, one of the multi-factorial dysfunctions
consistently reported in the literature is the deconditioning of the lumbar extensor musculature,
i.e., thoracic and lumbar erector spinae, multifidus and quadratus lumborum [25–27]. One role of the
lumbar extensor musculature is to provide stability to the lumbar spine [28]. As such deconditioning
in these muscles has been speculated to lead to spinal instability and contribute to the high recurrence
rate in CLBP (chronic low back pain) [29].

This diminished function has invited research into the association between back strength and
endurance and LBP. Numerous testing methods exist to examine the function of the lumbo-pelvic
complex in extension. Broadly though they can be generalised into tests to either examine trunk
extension (TEX) or isolated lumbar extension (ILEX).

During dynamic actions, TEX utilises both the paraspinal muscle group and the hip extensors
in order to extend the low back and the pelvis through a range of motion (ROM) of approximately
180 degrees [30]. ILEX function, which isolates the lower back muscles through the prevention of
pelvic rotation, is responsible for a ROM of approximately 72 degrees [31]. Therefore, TEX might best
be considered a compound movement that results in additional backward rotation of the pelvis as the
hip extensors contract. As a result, it is not possible to conclude specifically whether differences occur
due to contribution from the hip extensors or the lumbar extensors. In contrast, since ILEX involves
stabilising the pelvis to isolate the lumbar spine and remove torque produced by the hip extensors,
this allows for a more precise measurement of the smaller and weaker lumbar extensor muscles [32].

However, as it does at least partly involve contributions from the paraspinal musculature, and that
there is a well evidenced relationship between muscular strength and absolute muscular endurance [33],
results obtained from TEX endurance methods of testing may be potential indicators of lumbar
extension strength. As such these tests could be utilised in both prospective studies of risk factors for
LBP in addition to cross sectional studies. In previous research, a number of studies implementing the
Biering-Sorensen test as a measure of TEX endurance have reported significantly reduced holding times
in the CLBP groups [19,34–40]. This suggests that chronic LBP is associated with decreased endurance
of the trunk extensor muscles. In addition, studies implementing ILEX methods of testing have also
reported chronic LBP participants to be significantly weaker than asymptomatic participants [26,41–45].
Therefore, the aim of this study was to investigate whether there is a relationship between TEX and
ILEX to determine the necessity of adequate pelvic restraints. A correlation between the two methods
would suggest that TEX could in fact be conducted instead of ILEX and represent a cheaper and more
practical alternative.

2. Materials and Methods

2.1. Research Design

A cross sectional study design was adopted with one asymptomatic control group and one chronic
LBP group, in order to investigate whether a correlation exists between the two methods of testing
(TEX absolute endurance and ILEX strength). The study was approved by the Centre for Health,
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Exercise and Sport Science ethics committee at the first author’s institution, and was conducted
within the Sport Science Laboratories. Prior to testing, all subjects were provided with a participant
information sheet, detailing what would be asked of them as well as their right to withdraw and were
then required to sign an informed consent form.

2.2. Participants

Thirty eight asymptomatic participants (23 males and 15 females) and 19 participants with
non-specific chronic LBP (10 males and 9 females) aged between 19 and 57 years were recruited.
The participants in this study were staff or undergraduate students studying at a UK higher education
institution. This was a sample of convenience, with participants being recruited via email, adverts,
social media and word of mouth. Inclusion criteria for participants with chronic LBP were as follows:
lumbar or lumbosacral pain occurring almost daily for at least twelve weeks [46], and no medical
conditions for which a maximal effort test is contraindicated. Exclusion criteria for the asymptomatic
control group was back pain exceeding one week in the preceding year. General exclusion criteria were:
pregnancy, sciatica, pain radiating below the knee, disc herniation, vertebral fractures, other major
structural abnormalities [47] and surgery of the pelvis or spinal column. All chronic LBP participants
received physiotherapist/chiropractic consultation to confirm suitability, as well as referral, prior
to inclusion.

2.3. Instrumentation

Stature was measured using a stadiometer (Holtan ltd, Crymych, Dyfed, UK) and body mass
was measured using scales (Seca, Hamburg, Germany), from this body mass index was calculated.
Age, mass, stature and body mass index were similar in both asymptomatic and symptomatic
participants (Table 1). Isometric strength testing for ILEX was performed using the MedX Lumbar
Extension Machine (MedX, Ocala, FL, USA; Figure 1). This equipment has been found to be highly
reliable through a 72 degree range of motion of lumbar extension in asymptomatic participants
(r = 0.81–0.97; [31]) and LBP symptomatic participants (r = 0.57–0.93; [48]). TEX endurance was
measured using the Biering–Sorensen test (Figure 2) and has been shown to produce reliable results
when testing asymptomatic (ICC, 0.83) and symptomatic participants (ICC, 0.88; [49]). The Oswestry
Disability Index (ODI) version 2.0 was used to assess disability and has been shown to be a valid and
rigorous measure of condition-specific disability [50]. A 100-mm Visual Analogue Scale (VAS) was
used to measure pain rating in chronic LBP participants [51].

Figure 1. MedX schematic demonstrating the restraint system, thus isolating lumbar extensors [44].
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Figure 2. Biering-Sorensen schematic demonstrating body position and restraining belts [52].

2.4. Procedures

A Physical Activity Readiness Questionnaire (PARQ) was completed to screen for contraindications
and confirm suitability based on inclusion and exclusion criteria. The participants visited the laboratory
for testing on two separate occasions. These test days were separated by at least 72 h to allow the
participants to recover from any residual fatigue or soreness that might have been associated with
the testing [31]. The first testing day included the collection of anthropometric data, followed by TEX
using the Biering-Sorensen and finally, a familiarisation session for ILEX testing. The Biering-Sorensen
test was performed according to the following prescription. The participant was positioned prone on
a treatment couch with the upper edge of the iliac crests aligned with the edge of the couch. The lower
body was fixed to the couch by two straps, located at the level of the greater trochanter of the femur
and at the ankles as close to the malleoli as possible [50]. The straps were tightened securely, whilst
causing minimal discomfort to the participant. Whilst the participants were secured into position they
were allowed to rest their upper body on a stool for comfort and to minimise fatigue. At the start
of the test, the participants placed their arms diagonally across their chest and maintained a neutral
position for as long as possible. The time the position could be held was measured using a stopwatch.
Termination of the test occurred as follows: excessive fatigue, downward sloping of the trunk by more
than 10◦ (as observed by visual inspection), unendurable pain or when 240 s was reached [52]. If the
participant’s horizontal position dropped, they were asked to regain horizontal alignment until it
could no longer be successfully performed. Participants were verbally encouraged to hold the position
for as long as possible.

The familiarisation session on the MedX was performed as follows in order to produce reliable
results [31]. The participants were seated in the lumbar extension machine, with their thighs parallel
to the seat and their toes slightly inverted. A thigh restraint was placed over the lap and tightened
securely, limiting movement at the thigh and pelvis. A femur restraint was placed above the flexed
knees and the feet were pressed against the foot boards, which were then tightened securely. This drives
the femurs towards the pelvis, thus securing the pelvis against the lumbar pad. Tests were carried out
to ensure there was limited rotation of the lumbar pad and limited movement at the femur restraints;
this ensures isolation of the lumbar extensors. The headrest was adjusted to the level of the occipital
bone for comfort, support and positional standardisation [31]. Participants were asked to maintain
a light grip on the handles during testing procedures to maintain standardisation.

After the participant had been seated, initial testing was carried out to check for any limitations
in their range of lumbar motion between 0◦ and 72◦ of flexion and to adjust the counterweight to
neutralise the gravitational forces of head, torso and upper extremities [31]. A slow, controlled dynamic
warm-up was administered, lasting for approximately one minute. For the maximal test, the movement
arm was locked into place at each specified angle (0, 12, 24, 36, 48, 60, 72 degrees if full ROM was
achieved) and the participant was instructed to gradually build up tension to a maximal effort over a 3 s
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period. The movement arm of this testing device is attached to a load cell that is interfaced to an IBM
microcomputer [30], which allows for torque to be calculated. Between each isometric contraction
a rest period of ten seconds was provided, whilst being rocked to relax their lumbar extensors.

The second day of testing occurred with at least 72 h of rest following the first test day. Prior to
testing, participants were required to complete the ODI and mark the VAS. Participants then followed
the same protocol for the MedX that was conducted during the familiarisation session.

2.5. Data Analysis

Results from the testing were analysed using the Statistical Package for the Social Sciences 22.0
software (IBM, Portsmouth, Hampshire, UK), with an alpha level of 0.05 set as the level of statistical
significance. The Shapiro-Wilk test was used to examine assumptions of normality of distribution as
research has shown it to be the most powerful test for all types of distributions and sample sizes [53].
Following the Shapiro-Wilk test, demographic data was examined for between group difference using
an independent t-test for normally distributed data and a Mann-Whitney U for data which was not
normally distributed. Since the data were found to be normally distributed, a Pearson’s correlation was
calculated to analyse whether there was an association between ILEX and TEX for both the combined
sample and the asymptomatic and chronic LBP groups individually. Correlations were also run with
additional sub-grouping for sex however results did not differ from the pooled sex analyses and so
only the pooled results are reported. Correlation coefficients were interpreted as low (r = 0.30 to 0.50),
moderate (r = 0.50 to 0.70) or high (r > 0.70) [54]. TEX endurance is reported as Biering-Sorensen hold
time (BSHT) and ILEX as a strength index (SI) which was calculated as the area under the strength
curve by the MedX software using the trapezoidal method, incorporating isometric strength at all
tested angles.

3. Results

3.1. Participants

Participant demographics are shown in Table 1. An independent t-test was conducted on the
normally distributed data, which revealed no significant differences between the groups for any of the
variables (stature, mass and blood pressure). Age, BMI and ROM were not normally distributed and
so a Mann Whitney U test was carried out on these variables. This test also revealed no significant
differences between the two groups. The results from the ODI classified the CLBP participants as
having only moderate disability, which may explain the lack of difference in lumbar ROM.

Table 1. Participant demographics and descriptive statistics.

Characteristic Chronic LBP (n = 19) Asymptomatic (n = 38) p-Values

Age (year) 28 ± 12 31 ± 12 0.218
Stature (cm) 173.00 ± 0.10 174.00 ± 0.10 0.642

Mass (kg) 75.03 ± 13.15 75.4 ± 12.60 0.918
BMI (kg/m2) 25.00 ± 3.17 24.82 ± 3.54 0.785
SBP (mmHg) 133.32 ± 13.97 134.47 ± 13.47 0.764
DBP (mmHg) 75.37 ± 10.25 73.90 ± 9.69 0.597

Lumbar ROM (◦) 68.05 ± 6.33 68.26 ± 5.25 0.940
VAS (mm) 34.84 ± 24.45 NA NA
ODI (%) 23.37 ± 12.33 NA NA

Results are mean ± SD. BMI: Body Mass Index; VAS: Visual Analogue Scale; ODI: Oswestry Disability Index;
NA: Not applicable.

3.2. Correlations between BSHT and SI

Pearson’s correlation revealed a non-significant very weak positive correlation between ILEX
strength and TEX endurance in the combined group (r = 0.035, p = 0.793), and the chronic LBP group
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(r = 0.120, p = 0.623). A non-significant very weak negative correlation was found between ILEX
strength and TEX endurance in the asymptomatic group (r = −0.060, p = 0.720). Figures 3–5 present
scatter plots of data for ILEX strength (SI) and TEX endurance (BSHT).

Figure 3. Scatter plot of combined group data for isolated lumbar extension (ILEX) strength index (SI)
and trunk extension (TEX) endurance (Biering-Sorensen hold time (BSHT)).

Figure 4. Scatter plot of chronic lower back pain (CLBP) data for ILEX strength (SI) and TEX
endurance (BSHT).
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Figure 5. Scatter plot of asymptomatic data for ILEX strength (SI) and TEX endurance (BSHT).

4. Discussion

The aim of this study was to investigate whether there is a relationship between ILEX strength
and TEX endurance in chronic LBP and asymptomatic participants. Statistical analysis revealed that
there was no significant correlation between the two methods of testing in either the combined group
(r = 0.035, p = 0.793), chronic LBP group (r = 0.120, p = 0.623) or asymptomatic group (r = −0.060,
p = 0.720). This suggests that TEX endurance is a poor indicator of ILEX strength, thus supporting
previous research which suggests that the pelvis must be adequately restrained and stabilised for the
purpose of testing ILEX strength [31].

TEX utilises both the paraspinal muscle group and hip extensors in order to extend through
a range of motion of approximately 180 degrees [30]. The hip extensors have a larger cross-sectional
area and longer moment arms compared to the small lumbar extensors [55]. Further, there is
a de-recruitment of the lumbar extensors and a further increase in hip extensor muscle activity
during the Biering-Sorensen test [56]. Thus, the torque contributed to TEX by the hip extensors
is comparatively greater than the paraspinal musculature [57]. Though, the relative contribution
of the hip extensors has produced considerable discourse where some researchers suggest loading
activates mostly the lumbar extensors [58,59], whereas others suggest the test indicates more about the
endurance of the hip extensors [60,61]. Nonetheless, it is clear that the hip extensor musculature has
the potential to influence tests of TEX endurance. Deconditioning in LBP does not appear to be present
in the hip extensor musculature [55], which may explain why there is a poor relationship between the
two methods of testing in both chronic LBP and asymptomatic participants.

Despite the relationship between strength and absolute endurance [33], the data presented
supports previous research suggesting there is a poor relationship between tests of TEX endurance
and ILEX strength [62]. As the Biering-Sorensen test utilises both the lumbar extensors and
hip extensors, endurance times are not specifically indicative of the lumbar extensors [63].
Therefore, studies implementing an ILEX approach allow a more specific indication of the effects of
LBP on the lumbar extensors. This is likely a result of the pelvic stabilisation preventing hip extensor
contribution, and isolating the lower spine for ILEX testing [32]. At most, only 3 degrees of pelvic
rotation occurs during ILEX, likely as a result of soft tissue compliance. This, in turn, results in greater
reliability of results [63].

The present data suggests that ILEX strength testing is required to provide valid information
regarding the function of the lumbar extensor musculature specifically. This is particularly important
when examining the effects of LBP since atrophy of the lumbar extensors has been well-documented in
the literature [55,64,65], potentially resulting in impaired ILEX strength [26,41–43,45,46]. Despite this,
consideration of both tests of TEX and ILEX might be valuable when considered together [66].
In combination, the testing might allow for identification of the weak link within the posterior kinetic
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chain. As a result, an identification of whether differences predominantly lie between the lumbar
extensors or hip extensors can be achieved. Therefore, future research examining the relationships
between LBP and lumbo-pelvic function should implement a combination of both TEX endurance and
ILEX strength tests. Alternatively, it may be that modifications of the Biering-Sorenson test to examine
TEX endurance may have greater association with ILEX strength than the one examined here [67].

Limitations

One limitation within this study is the varying group sizes, with a notably smaller sample
size for the CLBP group. The sample of subjects may not truly represent the heterogeneity of
patients with non-specific CLBP. For instance, results from the ODI classified the CLBP participants
as having only moderate disability. As a consequence, this particular sample set may not have been
significantly impaired, thus potentially limiting the external validity of the study. Considering this
further, the degree to which psychosocial factors, kinesiophobia, or catastraphisation was present in
our sample was not investigated and so whether this may have affected the results is unknown.

Intra- and inter-examiner reproducibility tests were not performed prior to the study. Though the
reproducibility of TEX and ILEX tests has been previously reported to be moderate to high, this could
be considered a potentially limiting factor. Further to this, only ILEX was preceded by a familiarisation
with this test. Justifiably, a second session on the MedX was implemented as previous analysis revealed
a significant learning effect [31] whereas the Biering-Sorensen test has previously demonstrated no
learning effects [68]. However, it may have been appropriate to precede both ILEX and TEX with
a familiarisation session. Lastly, for practicality and to represent application in clinical practice, visual
inspection was used for the Biering-Sorenson test potentially affecting the validity of the measure in
addition to an upper threshold of 240 s. This may have limited the extent to which a relationship was
present in those with greater TEX endurance.

5. Conclusions

The present study found that there is a poor relationship between measures of TEX endurance and
ILEX strength in both those with and without LBP. Research supports that persons suffering from LBP
display atrophy of the lumbar musculature [55,64,65]. Since the lumbar extensors play a significant
role in conditions such as LBP [63] it is important that testing mechanisms are able to elucidate which
aspects of the musculature are responsible. The poor relationship between TEX endurance and ILEX
strength suggests that if information regarding the function of the lumbar extensors is of interest this
is best obtained by conducting ILEX testing. Results from TEX tests should only be considered as
representing TEX as a compound movement and should not be used to infer results regarding lumbar
extensor function specifically. However, a combination of both TEX and ILEX tests offers the greatest
and most comprehensive information, by identifying whether differences predominantly lie between
the lumbar extensors or hip extensors.
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Abstract: Chronic low back pain (CLBP) is a recurrent debilitating condition that costs billions to
society. Refractoriness to conventional treatment, lack of improvement, and associated movement
disorders could be related to the extensive brain plasticity present in this condition, especially in the
sensorimotor cortices. This narrative review on corticomotor plasticity in CLBP will try to delineate
how interventions such as training and neuromodulation can improve the condition. The review
recommends subgrouping classification in CLBP owing to brain plasticity markers with a view of
better understanding and treating this complex condition.

Keywords: chronic low back pain; brain; plasticity; motor cortex; subgrouping; motor control
exercise; neuromodulation; transcranial magnetic stimulation; repetitive peripheral magnetic
stimulation; spine

1. Lower Back Pain: A Growing Burden for Society

The important burden of lower back pain (LBP) on healthcare systems can be explained by
an extremely high annual prevalence worldwide, i.e., up to 36% of the population [1], which still
continues to grow [2]. The Global Burden of Disease mega-study classified LBP as the most debilitating
condition among more than 300 diseases for both rich and poor countries [3], and the economic
burden increased between 1990 and 2010 [4]. Healthcare costs are among the most expensive in many
countries, reaching billions for treating and/or alleviating LBP [5]. Although LBP can decrease after
acute episodes, its complete resolution is rare [1,6–9], and transition to chronic LBP (CLBP) has been
reported in up to 12% of people with LBP [10]. Generic administration of conventional treatments
(pharmacology, surgery, and physical therapy) has shown no or minimal improvement of pain and
disability [11,12]. The pathophysiological mechanisms of CLBP must therefore be better understood in
order to identify which therapy is most efficient per individual and thus overcome refractoriness to
treatment. Especially, the plasticity of the central nervous system in response to pain (CNS adaptation
to pain) represents one of the most important phenomena that could highlight why people with
CLBP are poorly responsive to conventional therapies. For instance, transcranial magnetic stimulation
(TMS, see Box 1 and Figure 1, [13]) is a widely used technology that permits the investigation of the
excitability, functional organization and integrity of the primary motor cortex (M1) that is largely
involved in pain processing and motor control. The present narrative review had three main objectives:
(i) to report the current knowledge on the changes of M1 and other cortical motor areas in people
with CLBP, (ii) to recommend that the research fields of CLBP subgrouping (to reduce heterogeneity

Healthcare 2016, 4, 67 128 www.mdpi.com/journal/healthcare



Healthcare 2016, 4, 67

of samples studied) and M1 plasticity (biomarkers of brain adaptation to pain) shall be combined to
identify new optimal treatment for each patient, and (iii) to present how current interventions such as
motor training and neurostimulation techniques impact pain and M1 plasticity [14–17].

Box 1. Transcranial magnetic stimulation (TMS).

TMS represents a painless and non-invasive technique to investigate the function and integrity of the primary
motor cortex (M1) and corticospinal pathway. In 1985, Barker et al. published a game-changer paper in the
field of clinical neurophysiology, reporting that the induction of a magnetic field over M1 by a coil (where a
transient and large electrical current transits from a capacitor system) could depolarize the corticospinal cells.
At a sufficient level of intensity, the stimulus produces a muscle response, referred to as motor evoked potential
(MEP) recorded by electromyography (EMG) electrodes [18]. MEP latency and amplitude are considered the
primary outcomes studied to probe the corticospinal function. Overall, the integrity of corticospinal, intracortical,
interregional and interhemispheric connections can now be assessed by the means of different TMS paradigms
that are briefly reviewed below.

Single Pulse TMS

This paradigm provides at least four outcomes used to test the corticospinal excitability and the functional
organization of M1.

The motor threshold (MT) reflects the cortico-cortical excitability of M1 axons, their excitatory contact with
the corticospinal neurons, and its initial axon segment [19]. It represents the lowest intensity of stimulation
producing an MEP in 50% of TMS trials [20].

The MEP amplitude at supra-threshold intensity (e.g., 110%–120% of motor threshold) represents the
excitability of the corticospinal tract. This outcome can be influenced by any change of activity at the cortical or
spinal level. The use of pharmacological drugs revealed that the MEP amplitude is regulated by the intertwined
activation of excitatory (glutamatergic) and inhibitory (GABAergic) interneurons of M1 [19].

The silent period (SP) is tested in preactivated conditions. SP represents the post-MEP shut-off of EMG
activity and its duration over 50–75 ms (0–50 ms = motoneurons after-hyperpolarisaton) probes, most likely the
activity of GABAB inhibitory mechanisms of M1 [21].

The M1 mapping is a method to test the functional organization of a muscle representation in M1 and the
related corticospinal excitability. TMS at suprathreshold stimulus is applied at multiple sites over M1 and the
mean MEP amplitude at each site allows to visually representing the M1 area of the target muscle [22].

Paired-Pulse TMS

Two TMS stimuli are elicited over M1 at a given time-interval through the same coil to probe the excitability
of M1 inhibition and facilitation circuits.

The paradigm of short-interval intracortical inhibition (SICI) probes the excitability of GABAA inhibitory
interneurons surrounding M1 corticospinal cells [19]. A subthreshold conditioning TMS elicited 1–5 ms before a
suprathreshhold (test) TMS [23] decreases the amplitude of the conditioned MEP (elicited by the paired-pulse
TMS) compared to the amplitude of the test MEP (elicited by the test TMS only).

The paradigm of short-interval intracortical inhibiton (SICF) probes the excitability of a chain of glutamatergic
excitatory interneurons connecting M1 corticospinal cells. Two near-threshold TMS stimuli are elicited [24] or a
suprathreshold TMS is elicited 1.1–1.5,2.3–2.9 and 4.1–4.4 ms before a near-threshold conditioning TMS [25].
The amplitude of the conditioned MEP is higher than the amplitude of the test MEP. More details can be found
elsewhere [19].
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Box 1. Cont.

 
Figure 1. TMS: transcranial magnetic stimulation; SICI: short-interval intracortical inhibition;
SICF: short-interval intracortical facilitation; MEP: motor evoked potentials; SP: silent period; small
arrow (lower panel): conditioned pulse; dotted line: test pulse.

Double-Coil TMS

This paradigm uses two coils to test the nature (inhibition, facilitation) of other regions’ connectivity with
M1 areas. The conditioning TMS coil is positioned, for example, over a premotor or cerebellar area and the test
TMS coil over the M1 area of a target muscle. Many studies focused on inter-regional connectivity for the control
of hand muscles [26]. This functional connectivity has never been studied for the control of postural muscles
(e.g., trunk muscles) in pain-free individuals or in people with LBP.

2. Plasticity in M1 and Motor-Related Cerebral Areas

2.1. Can M1 Plasticity Explain Motor Impairment in People with CLBP?

Motor control is an important issue in CLBP given that impairment of spine control (and more
precisely of trunk abdominal and paravertebral muscles) is deemed to contribute to pain persistence
over time [27]. Disorder of spine control in CLBP is the main rationale behind motor control exercises
and manual therapy, i.e., interventions used by healthcare professionals to restore an optimal control
and mobility of the spine [28–31]. That is, a large amount of studies have reported that people
with CLBP differently plan movement [32,33] and differently react to a postural perturbation [34]
as compared to pain-free counterparts. Especially, they present with a later activation of trunk
muscle contraction during rapid limb movement, i.e., a delay of the anticipatory postural adjustment
(APA) [30], and also less ability to volitionally and specifically contract trunk muscle, abdominal
or paravertebral, without recruitment of adjacent muscles [35]. Given the involvement of many
cortical structures (M1, supplementary motor area (SMA), cerebellum, basal ganglia, etc.) in APA
planning and execution [36], and given that trunk muscles are likely partly controlled by corticospinal
pathways [37–40], it was legitimate to anticipate a link between motor impairment and some (plastic)
changes in M1 and other cortical motor areas [41]. This assumption was fostered by a first TMS
study that unraveled in LBP a direct relation between M1 functional reorganization (changes of M1
maps) and the delay of trunk muscle activation to control for postural perturbation during focal limb
movement [42]. Other TMS studies in CLBP then reported a decrease of M1 excitability [43], changes
of M1 area localization for the control of trunk muscles [42,44,45] and a lack of intracortical motor
inhibition within M1 circuits [46,47], i.e., the loss of an inherent mechanism of motor preparation [48]
and planning [49].
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M1 integrates information from adjacent sensorimotor areas (e.g., premotor dorsal and ventral
cortices, SMA, cerebellum, basal ganglia, primary sensory cortex (S1), etc.) before launching the motor
command towards the spinal motoneurons [50]. Thus, beyond the sole M1 plasticity in CLBP, it is
important to understand that many structures can be involved in pain and motor disorders in CLBP.
In line with this, studies using neuroimaging techniques (electroencephalography (EEG), functional
magnetic resonance imaging (fMRI), etc.) did report changes of grey matter density in various brain
structures and impairment of connectivity between these structures [17,51–53].

Especially, S1 might be a pivotal stone in the relation between pain and impaired motor
control of movement given its substantial role in both the sensory coding of movement and the
sensory-discriminative aspects of pain [54,55]. The reciprocal connectivity between S1 and M1 [56] may
explain why peripheral inputs (nociceptive, somatosensory) can influence in parallel the plasticity of S1
and of M1 [57,58]. Precisely, in CLBP, S1 grey matter density is different from pain-free couterparts [59],
S1 areas receiving information from the trunk are shifted, and connectivity with M1 is impaired [60].
All of these changes likely contribute to the distortion of body image and tactile dysfunction [61,62] but
also to the lesser performance in spine motor control by people with CLBP [61]. In addition, abnormal
neural processing and connectivity of SMA [52,63] and altered connectivity and change in white matter
density of cerebellum [52,64] have been reported in CLBP. These structures are known to be involved in
postural control of external perturbations [63] and in APA [36] via transcortical and cerebello-cortical
connections with M1 areas. The modifications of cerebellum have been observed in parallel with a
slower performance at the sit-to-stand task and an altered proprioceptive integration [52,64].

Interestingly, from a psychological perspective, morphology and connectivity of the brain have
also been reported for structures involved in the perception and evaluation of fear, such as amygdala
and insula [65,66], these changes having recently been identified as neural correlates of the fear of
movement (kinesiophobia) in CLBP [67]. These psychological aspects can alter motor control in
CLBP given the correlations found between scores of kinesiophobia or fear-avoidance belief and
activation of trunk muscles [47,68–70], trunk stiffness [71], and the increased stress on spine structures
(spine loading) [72].

However, the causal relations in CLBP between pain persistence, motor control and brain plasticity
have not been appropriately addressed in the literature with most studies being cross-sectional.
However, a few longitudinal studies pointed out that the strength of the connection between
mesolimbic and prefrontal area could be an important predictor of pain chronicity [51,73]. Future
longitudinal studies in CLBP should thus more thoroughly test the role of M1 and other motor
control-related cerebral plasticity in the persistence of LBP. For instance, the integrity of M1 functional
interregional connectivity with SMA and cerebellum and the remote inhibitory and excitatory
influence of these structures on M1 excitability could be assessed by means of TMS paradigms
using two coils (see Figure 2). These paradigms might help unravel the mechanisms underlying the
impaired corticomotor control of trunk muscles in people with CLBP and the transition from acute to
chronic pain.

2.2. Discrepancies between TMS Studies in CLBP: How to Reconcile the Controversial Results?

A closer look at the studies that pointed out differences of M1 maps, excitability and function
between people with CLBP and pain-free subjects [42–45,47,74,75] reveals important discrepancies
between the results. For instance, Strutton et al. reported that people with CLBP presented with a
lower M1 excitability (measured by motor threshold—MT) and a decreased GABA (γ-aminobutyric
acid) inhibition (measured by the silent period duration, see Box 1) [34]. However, these findings
have not been yet reproduced [46,47,76]. In addition, our recent TMS studies in CLBP did not detect
any difference of MT or SP duration but rather a reduction of GABAA short-interval intracortical
inhibition (SICI) in the M1 area of internal oblique/transversus abdominis muscles [47] and superficial
multifidus [46]. Our more recent works even conversely showed that a subgroup of people
with right-sided CLBP presented with a higher M1 excitability (lower MT) compared to pain-free
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counterparts (Massé-Alarie et al., in revisions [77]). In the same vein, Hodges’ group studies in CLBP
showed the impaired organization of trunk muscles M1 areas (for erector spinae [44] and transversus
abdominis muscles [42]), M1 plasticity being more important in a subgroup of people with severe
CLBP (>5 on numerical rating scale) than moderate and mild CLBP [45] and upper CLBP relating to
smaller map volumes, thus likely a decrease of corticospinal excitability [45].

Figure 2. The nature of interregional and interhemispheric connectivity with M1 (left brain) and
intracortical connections in M1 (right brain) for hand muscles. M1: primary motor cortex; PMd/v:
dorsal/ventral premotor cortex; SMA: supplementary motor area; PPC: parietal posterior cortex;
THAL: thalamus; PNS: peripheral nervous system: SICI: short-interval intracortical inhibition; SICF:
short-interval intracortical facilitation; arrow: excitatory influence; inverted triangle: inhibitory
influence. Adapted with permission from Reis et al. [49].

Therefore, even though most of these studies reported changes in one or more TMS outcomes,
no one has been replicated yet. In line with Schabrun et al. (2015) [36] and our unpublished data [77],
it is proposed that the heterogeneity of the nonspecific CLBP population tested has hindered specific
differences of M1 function in literature, some subgroups presenting with M1 plasticity and others not.
The next section briefly reviews some classification known in LBP and how this could be useful in
TMS and neuroimaging studies to detect changes specific to subgrouping.

3. Subgrouping of CLBP in Neuroplasticity Studies

The inherent heterogeneity of CLBP population affects the understanding of plastic phenomena
and thus hinders the knowledge of the actual clinical impact of novel and conventional therapies.
Despite the validation of several models of classification in the last two decades [78,79], only a few
neuroimaging or TMS studies have used subgrouping of people with CLBP. A better delineation of the
link between characteristics of CLBP (subgrouping) and components of brain plasticity, and a better
understanding of the significance of this plasticity in pain processing and disability, are, therefore,
current challenges to better managing CLBP and guiding rehabilitation.

3.1. Subgroups Based on the Nature of CLBP

Smart et al. (2010) proposed classifying people with CLBP into three subgroups relative to
the nature of pain, i.e., nociceptive pain (peripheral structure injury, 55% of CLBP population),
neuropathic (nerve lesion, 22%) or “central sensitization” (characterized by a diffuse disproportioned
pain and exaggerated response of CNS to sensory inputs, 23%, see Box 2 [80–82]). Brain plasticity
has, however, never been tested as a function of the nature of CLBP. Interestingly, TMS studies on
other pain conditions showed that changes of M1 function and excitability were more important in
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people with neuropathic pain (radiculopathy [83]) or “central sensitization” (fibromyalgia or complex
regional pain syndrome (CRPS) [84–86]) than in people suffering from specific nociceptive pain
(finger osteoarthrosis) [87]. For instance, people suffering from CRPS, fibromyalgia and people
with neuropathic pain were all tested with a reduction of the level of inhibition (measured by SICI,
see Box 1) [84–86,88]. Thus, testing nonspecific CLBP, i.e., a heterogeneous population, may explain the
inconsistent, even controversial, findings on M1 excitability and function across studies. Future studies
should indeed enroll subgroups of patients with CLBP in order to better tackle the link of nociceptive,
neuropathic or centrally sensitized CLBP with the plasticity of M1 circuits that likely contributes to pain
and motor impairment. If brain plasticity, as tested by TMS of M1, is different between subgroups of
CLBP, then TMS will be a useful tool to identify, for example, the sensorimotor mechanisms impaired
in people with “central sensitization”, and thus will help to manage each person with the most
appropriate treatment (e.g., with neuromodulation technique, see Section 4). Some challenges have
to be overcome, however, in order to utilize TMS for that purpose. First, normative values of the M1
control of trunk muscles, for example, have to be determined in order to assess any M1 dysfunction
in CLBP. This will be challenging given the important variability in TMS outcomes. In addition,
TMS markers of M1 function, such as M1 inhibition and facilitation (SICI, ICF), are changed in
various pathological conditions (e.g., psychiatric or neurological diseases [89,90], likely because of
the multiple cerebral and peripheral influences onto M1 circuits [26] (Figure 2). Thus, and as already
mentioned, future longitudinal studies should use double-coil TMS paradigms or TMS tools combined
with neuroimaging techniques to unravel the faulty mechanisms (structures, connectivity) in specific
subgroups of CLBP.

Box 2. Central sensitization

“Central sensitization” is defined as “an amplification of neural signaling within the CNS that elicits pain
hypersensitivity” [91]. The term was introduced to describe changes found at the spinal cord level ([92]),
i.e., a post-injury amplification of the peripheral nociceptive signal by CNS hyperexcitability. “Central
sensitization” implies that innocuous inputs from the periphery might be perceived as painful if the “pain
pathway” is facilitated either at the spinal or cerebral level. By extension, the hyperalgesia documented
in subgroups of people with CLBP [93], in addition to the alteration of brain connectivity and morphology
(e.g., dorsolateral prefrontal cortex [14–17], periaqueductal grey matter), could be interpreted as “central
sensitization” because it likely reflects the alteration of pain modulation by descending pathways that might
favour pain persistence.

The term “central sensitization” is used in clinical practice to describe a subgroup of people with
specific clinical characteristics [80]. In CLBP, this corresponds to three criteria: (i) disproportionate pain,
(ii) neuroanatomically illogical pain pattern, and (iii) hypersensitivity of senses unrelated to the musculoskeletal
system [80]. These criteria can delineate people with “central sensitization” patterns from people with nociceptive
and neuropathic pain.

Nociceptive pain refers to pain coming from the activation of nociceptors of non-neural tissue in response
to noxious chemical, mechanical or thermal stimuli [80,81] (e.g., the activation of the nociceptors in lumbar
ligaments, thoraco-lumbar fascia or zygapophyseal joints). Neuropathic pain refers to pain secondary to a
disease or a lesion of the somatosensory nervous system [80] (e.g., LBP associated with lumbar radiculopathy).

In recent studies, people with CLBP are classified in three different subgroups owing to the nature of pain:
nociceptive, neuropathic or “central sensitization” [80–82,94–98]. Please refer to the clinical guideline proposed
by Nijs et al. (2015) for additional details about this classification [80].

3.2. Subgroups Based on the Nociceptive Somatosensory Processing: Mechanical vs. Non-Mechanical CLBP

The O’Sullivan’s group published a series of studies lately that insisted further on the need
to monitor heterogeneity of samples in CLBP research [93,99,100]. Precisely, nociceptive and
somatosensory processing appeared to be significantly different in people with a mechanical CLBP
(i.e., pain increased by a specific movement, posture or activity) as compared to people with a
non-mechanical CLBP (i.e., spontaneous pain not related to a specific movement, posture or activity).
Only people with non-mechanical CLBP presented with a decrease in cold pain threshold as compared
to pain-free subjects [99]. In addition, differences of somatosensory nociceptive processing were
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detected in a large CLBP cohort where three subgroups were differentiated, but only two of them
behaved differently than the pain-free subjects [93]. This mechanical vs. non-mechanical CLBP
classification could also help to discriminate plastic changes in the brain. Indeed, given tight functional
connections between S1 and M1 areas [101], it is likely that subgroups presenting with impaired
somatosensory nociceptive processing and S1 plasticity will also undergo plasticity of M1 areas.

3.3. Subgroups Bbased on Movement Disorders

Many classifications based on the type of movement disorders and on movements generating
pain in LBP have been validated in the last years [78]. For instance, people with CLBP predominantly
triggered during lumbar extension did present with an increase of paravertebral muscles activity in
sitting [102] and during forward bending [103] as compared to pain-free participants, whereas people
with CLBP triggered primarily during flexion did not. These differences were masked when the two
CLBP subgroups were considered as one CLBP group [103]. Such classification should be tested to
detect whether M1 plasticity is specific to movement disorders in CLBP. This will help to identify
biomarkers of brain function and excitability that will be useful in the management of the clinical
outcomes specific to each subgroup. The next section will present how different types of interventions
such as motor training and neuromodulation technologies might impact pain and the brain.

4. Interventions Targeting M1 Plasticity

4.1. Learning-Dependent Plasticity in CLBP: How Motor Training Impacts M1?

Studies revealing the extensive brain plasticity in CLBP contribute to a better understanding of
the physiopathology mechanisms present in pain pathologies. This ought to guide the development
of therapies that will better cope with brain adaptation. In other words, the induction of plasticity
that promotes the function and reduces pain (positive plasticity) should become the rule in pain
rehabilitation. For instance, training the tactile acuity normalized S1 maps and in parallel improved
sensory integration in CLBP [104,105]. The same is true for motor training in CLBP since the practice
of isometric activation of the trunk muscles normalized M1 maps [106] and influenced the intracortical
inhibition required for planning the action [47] and the corticospinal excitability [107]. In fact,
the induction of a positive plasticity (favoring functional recovery) requires a task-oriented practice,
i.e., the repetition of a specific task, whose complexity is increased with improvement of performance
over the sessions and attention/motivation of the trainee [108]. Usually, the improvement of a motor
skill is accompanied by changes of M1 protein synthesis (for instance, tyrosine kinase), synaptogenesis
and reorganization of S1 and M1 maps [108]. In addition, a local release from GABAergic inhibition in
M1 areas recruited by task-specific training and an increase of corticospinal excitability related to the
muscles engaged in the task are usually observed in the minutes following motor learning [109–112].
These plastic mechanisms of motor learning belong to the LTP-like phenomenon that strengthens
the synapses efficacy and includes the activation of post-synaptic NMDA (N-methyl-D-aspartate)
receptors and the increase of AMPA (α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid) receptor
density [110,111]. However, the question remains whether these learning-related mechanisms of
plasticity do properly work in the presence of pain.

Motor training influences brain plasticity and this contributes to motor learning. For example,
motor control exercise (MCE) is used in CLBP physical therapy to restore the proper balance of
activation between trunk muscles (usually increasing deep muscle activation and reducing superficial)
and, eventually, to transfer this re-learned muscle coordination in functional tasks [30]. In line with
this, it was shown that MCE could normalize M1 maps in people with LBP [106], downregulate the
exaggerated corticospinal excitability related to superficial paravertebral muscles and upregulate
the missing intracortical inhibition needed for motor planning [107]. This influence of MCE on
corticomotor plasticity is thought to promote the postural function of the trunk muscles (e.g., APA) in
CLBP, thus normalizing the postural control of the spine [106]. However, despite these intertwined
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cerebral and functional changes, meta-analyses and systematic reviews underlined that exercise therapy
and motor control training worked poorly on pain and disability in CLBP [11,113,114], and no therapy
seems more effective than another [114]. In addition to subgrouping (focus on specific subgroups
of CLBP) and/or patient-oriented training (personalized care), as discussed above, an increasing
number of studies investigated whether new techniques of modulation of CNS excitability could
further influence pain intensity, brain plasticity, and motor disorders in CLBP beyond the gains already
reached by conventional therapies alone.

4.2. Noninvasive and Painless Neuromodulation in CLBP

Noninvasive and painless neuromodulation in CLBP is a new area of research to influence CNS
plasticity directly by stimulation of brain circuits (central stimulation: top-down mechanisms involved)
or indirectly by stimulation of the lower back (peripheral stimulation: bottom-up). This influence
on CNS plasticity ought to help decrease pain, improve sensory integration, and normalize
the sensorimotor control of posture and movement (all being intertwined in the management
of CLBP). Neuromodulation techniques that are known to increase the corticospinal excitability
(e.g., high-frequency repetitive transcranial magnetic stimulation (rTMS), intermittent theta-burst
stimulation (iTBS) or anodal transcranial direct current stimulation (tDCS)) share similar mechanisms
of neuroplasticity with motor learning, i.e., LTP-like phenomenon with changes of M1 GABAergic
inhibition and NMDA-dependent facilitation (for an extensive review on plastic mechanisms following
noninvasive neurostimulation, see [19]). Thus, these mechanisms influenced by neuromodulation
could prime the brain before beginning a conventional therapy, and this may increase gains beyond
those reached by each intervention alone. The next sections present the literature on central and
peripheral neurostimulation and their combination with therapy in CLBP to decrease pain and promote
the function.

4.3. Central Stimulation

The mechanisms’ underlying pain decrease following M1 stimulation could rely on the activation
of thalamus by cortico-thalamic projections [115], on the inhibition of spinal cord circuits (likely at the
dorsal horn) by corticospinal modulatory projections, and on the activation of μ-opioid receptors [116].
Central neurostimulation has been used in research for chronic pain conditions like CRPS, neuropathic
pain and fibromyalgia [116,117]. However, only a few studies used rTMS and tDCS in people with
CLBP, and evidence of effectiveness is lacking. For example, one study showed that one session of
rTMS over M1 improved CLBP intensity and the cold/heat pain threshold [118], but no study has ever
tested longer-lasting after-effects following multiple sessions of rTMS [116]. In addition, two recent
randomized double-blind designed studies reported that multiple sessions of tDCS over M1 did
not improve CLBP [119,120], and one experimental study did not report immediate impact on pain
threshold [121]. Thus, due to scarce data published on that topic, there is no clear evidence that central
stimulation impacts pain or disability in CLBP.

4.4. Peripheral Stimulation

Repetitive magnetic stimulation over muscles, nerves or spinal roots (RPMS) is used in exploratory
research to improve motor impairments in brain-injured people [122,123]. The rationale for using RPMS
is based on the production of contractions that send massive flows of ascending movement-related
proprioceptive information to the brain and influence M1 excitability via thalamo-cortical (lemniscal)
and spino-cerebellar pathways [124]. It has been shown that this synchronizes the activity of the
fronto-parietal networks involved in motor planning [125]. RPMS is a novel, not yet evidence-based,
but promising experimental approach in people living with chronic pain and presenting with motor
disability. One study showed that a single session of RPMS applied over the lumbar spine in people
with CLBP could decrease pain and the after-effects persisted for least four days [126]. In addition,
RPMS applied over the deep abdominal muscles not only reduced CLBP and improved postural control
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(APA becoming earlier) but also reactivated proper mechanisms of M1 intracortical inhibition [127],
which was shown to be missing or lower in people with CLBP [47]. Altogether, these findings
emphasize the potential of this novel approach to act on brain plasticity for decreasing pain and
improving motor control. Further investigations are warranted to better understand the link between
RPMS and brain adaptation and to determine whether RPMS activates the different components of the
endogenous pain modulation system.

4.5. Combination of Interventions

The combination of two interventions that influence brain plasticity could impact pain intensity
more than each intervention used separately. This was tested in CLBP by tDCS of M1 combined with
peripheral electrical stimulation over paravertebral muscles [121]. The authors showed a reduction
of pain that was accompanied by M1 reorganization and by improvements of forward bending,
pressure pain threshold, and two-point discrimination. However, these after-effects did not last after
the end of stimulation [128]. Short-lasting effects could be related to the fact that, in the absence
of a lesion, brain circuits can adapt rapidly to any change of activation and could re-balance the
synaptic excitability back to physiological ranges of homeostasis: this phenomenon is referred to as
metaplasticity [129]. Metaplasticity implies that all increases or decreases of excitability will eventually
return to baseline unless repeated over multiple sessions or combined with other therapies, such as
motor training that favors similar mechanisms of synaptic plasticity [130]. Changes of M1 excitability
following neurostimulation could indeed open a “therapeutic” window during which a task-oriented
practice is easier, and, in turn, makes plastic changes more persistent, thus facilitating learning and
retention [130], therefore improving motor control and pain over a longer period of time. This was
tested by two original studies that combined RPMS with motor control training in people with CLBP in
a single session for deep abdominal muscles [127] and over one week for the paravertebral multifides
muscles (Massé-Alarie et al., in revisions [131]). It was shown that the combination decreased pain
more than training alone and that one-week of training induced the normalization of superficial
multifides activation in parallel with up regulation of M1 facilitation mechanisms (Massé-Alarie et al.,
in revisions [131]).

Combining neurostimulation with motor training could act at the spinal, brainstem and cerebral
levels of the endogenous pain modulation system to re-balance the activity of cerebral networks and
areas that do not work properly in CLBP. This may provide gains in pain and disability beyond those
already reached by conventional treatments. Therefore, priming the brain with neuromodulation
techniques to enlarge the after-effects of conventional therapy [132] represents a research field that
ought to be pursued in CLBP.

5. How Can Neuroplasticity Studies Better Reduce Pain and Disability in CLBP?

5.1. Identifying Brain Biomarkers in CLBP

5.1.1. “Central Sensitization” or Non-Mechanical CLBP

Neuroimaging and TMS studies on neuroplasticity in CLBP can help determine biomarkers that
will contrast between people with “central sensitization” (see Box 2) and people with nociceptive pain.
These biomarkers may inform on unsuspected impaired function, thus easing the adaptation of the
therapeutic approach. For example, “central sensitization” and non-mechanical CLBP that share a
common definition (pain not related to a specific spine movement, posture and activity) may be less
responsive to conventional motor control exercises, stabilization or passive mobility (e.g., manual
therapy or stretching) because of somatosensory nociceptive processing impairments [99] and extensive
changes of M1 maps and excitability [84–86]. That said, it was shown that the neural connections
between medial PFC (mPFC) and NAc were stronger in people with persistent LBP (less than 20%
improvement at one year after the first LBP episode) [51]. These people with central sensitization
reported higher scores for affective dimension of CLBP (i.e., the pain was considered more threatening),
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and this is in line with the fact that stronger mPFC-NAc connections could induce negative pain
conditioning with aversive or fear-related behavior [51]. In order to influence such behaviors related
to pain-related plasticity, novel approaches targeting psychological factors were proposed, such as
pain conditioning extinction [133], pain neuroscience education [134], motor control exercise [94] and
cognitive-based intervention [135]. These approaches tended to address the psychosocial risk factors
associated with CLBP (especially for people with “central sensitization”) [6,80] and took into account
that the activation of sensory-discriminative brain areas in subacute pain was switched to the activation
of emotional areas during the transition to chronic pain [136]. As a matter of fact, people identified
with specific biomarkers of brain plasticity (for instance, a stronger connection between mPFC and
NAc) could be subclassified according to their clinical characteristics related to plasticity (for instance,
a high score for affective dimension of pain at the McGill Pain Questionnaire) and might be better
responders to cognitive-related therapy targeting psychosocial factors than to motor control exercises
or to neuromodulation of mPFC to downregulate the facilitation of NAc. Future investigations are
warranted to test whether such specific approaches dedicated to people with strong mPFC-NAc
(or high affective dimension of pain) better impacts pain persistence. It is also questioned whether
neuromodulation of DLPFC could be an interesting adjuvant to cognitive-related therapies in people
with important psychosocial factors and central sensitization. Indeed, DLPFC is often targeted with
rTMS in chronic pain condition [116], it is implied in endogenous pain system [137,138] and its function
is altered in CLBP [15]). Of note, given that M1 (opiate system) and DLPFC (non-opiate system) [116]
can have a different influence on CLBP, the choice of stimulating one or the other in combination with a
therapy may depend on the patient’s characteristics and biomarkers of neuroplasticity and underlying
mechanisms have still to be studied.

5.1.2. Nociceptive or Mechanical CLBP

People who present nociceptive or mechanical CLBP can be divided into subgroups according to
movement disorders and thus be treated accordingly. For instance, it was shown that people with a
treatment adapted to their clinical profile (according to the Classification Based Cognitive Functional
Therapy (CB-CFT) [139]) had larger decrease of pain than people treated with conventional exercise
therapy combined with manual therapy [140]. The same results were reproduced in subacute LBP
(CB-CFT was more effective than “general exercise”), but with the exclusion of people with high
psychosocial risk factors (fear-avoidance, kinesiophobia, depression) and with poor scores on the
Motor Control Abilities Questionnaire (MCAQ, which identifies people unable to learn motor control
exercise) [88]. The authors suggested that the improvement in the CB-CFT group in their study
was actually due to the exclusion of people with poor MCAQ scores. In fact, a lower capacity of
motor learning has already been associated with a polymorphism of brain-derived neurotrophic factor
(BDNF) [141]. More precisely, these authors showed that the increase of M1 excitability following
training, thus usually favoring learning, was reduced in healthy subjects with BDNF polymorphism
compared to healthy subjects without. Thus, people with CLBP could also be classified owing to
their BDNF polymorphism (blood sampling) or, more conveniently, owing to their responsiveness
to a complex motor learning task (increase or not of M1 excitability as tested by TMS), in order
to detect rapidly those who might better respond to motor training. In support, we showed that
training at isometric activation of the multifides muscles could influence the corticospinal excitability
and the intracortical inhibition of M1 (SICI) related to these muscles [107]. Future studies should
test whether such changes after one training session (biomarkers of learning-related plasticity) are
correlated with MCAQ scores and thus could be useful predictors to identify people who might
be responsive to motor control training (i.e., significant increase of M1 excitability, high MCAQ
scores) or not (i.e., small or no change of M1 excitability, low MCAQ scores). In addition, peripheral
neurostimulation could be an efficient adjuvant in people with CLBP to influence brain plasticity
and improve motor learning and pain beyond gains already reached by more conventional therapies
(Massé-Alarie et al. in revisions [131]). This work denoted that larger improvements were obtained
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after one week of training in people who presented with lower M1 excitability at baseline. It will
thus be important to understand the clinical significance of a low vs. a high M1 excitability in
CLBP at enrollment for better identifying people who will be responsive, for example, to peripheral
neurostimulation and motor training.

6. Conclusions: Avoiding One Size Fits All Treatments to M1 Plasticity in CLBP

The extensive brain plasticity in chronic pain has been depicted in the last years with a view
of tackling the cortical processes under the clinical characteristics and making recommendations
of more efficient interventions [135,142]. Thus, a better understanding of the neurophysiology of
pain, and, more precisely, the physiopathology of CLBP (in the absence of any peripheral lesion)
did revolutionize the way chronic pain was understood and people with CLBP were managed
(integration of the psychological, environmental and social factors, in addition to conventional
therapies). However, careful examination of neuroplasticity studies revealed that some CLBP
subgroups did not present changes of M1 function, maps or excitability [45] and that literature
discrepancies hinder the comprehension, e.g., of whether grey matter density is increased or decreased
in target structures [15]. In addition, larger plastic changes of M1 areas were detected for people with
“central sensitization” and in relation to psychosocial factors, but this subgroup represents 23% of
people with CLBP. Thus, the sole cognitive-based intervention may not be efficient for most patients
and motor control disorders have to be considered. Avoiding amalgam for treating CLBP is necessary
to better understand and treat this condition appropriately in each individual in consideration of M1
plasticity, motor impairments (posture, movement), psychological issues and social characteristics.
Thus, a thorough evaluation of the initial condition of the patients will help personalize treatment
owing to clinical characteristics, although it remains challenging to get a clear difference between
subgroups (since all pain is in the brain, nociceptive pain likely embedded a certain component of
“central sensitization” [80]). Future studies in CLBP will have to consider the recruitment of subgroups
of patients in order to identify specific biomarkers of brain plasticity and motor disorders, thus
markers of responsiveness to approaches based on individuals’ clinical profile, including peripheral or
central neurostimulation as adjuvants to more conventional treatments. The development of such new
guidelines, along with the one published in Nijs et al. [80], and integrating the diversity of people with
CLBP in relation to clinical features, biomarkers of neuroplasticity, and motor disorders is warranted
for the researchers to better test new interventions and for the clinicians to better cope with this
condition and decrease the societal burden of CLBP.
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Abstract: Core Outcome Sets (COSs) are a set of domains and measurement instruments
recommended for application in any clinical trial to ensure comparable outcome assessment
(both domains and instruments). COSs are not exclusively recommended for clinical trials, but also
for daily record keeping in routine care. There are several COS recommendations considering clinical
trials as well as multidimensional assessment tools to support daily record keeping in low back pain.
In this article, relevant initiatives will be described, and implications for research in COS development
in chronic pain and back pain will be discussed.

Keywords: core outcome set; effectiveness; efficacy; pain management; chronic pain; back pain;
daily record keeping; clinical trials

1. Introduction

Chronic pain, especially non-specific chronic low back pain (NLBP), is a frequently encountered
phenomenon with considerable psychosocial and overall socio-economic consequences. In recent
decades, clinical and health care service research has provided substantial international contribution
to several approaches in pain management. Particularly in relation to NLBP and interdisciplinary
multidisciplinary pain therapy (IMPT), numerous studies formed the basis for a large number of
systematic reviews and meta-analyses (e.g., [1–4]). However, there are still unsolved problems in
analyzing IMPT such as the heterogeneity of outcome assessment in clinical trials and interventional
studies which hamper drawing conclusions out of those studies and/or systematic reviews.
e.g., for multidisciplinary pain therapy systematic reviews express the need for a standardized use
of outcome parameters for measuring treatment success in those programs, and for a consideration
of reliability and validity of measuring instruments. This leads to significant limitations in the
interpretability of results. The problems observed in integrating results on a meta-perspective are
exemplarily for most of the systematic reviews and meta-analyses at the moment [5–7].
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2. Developing COS for Clinical Trials-Introduction to Method and Development

Establishing Core Outcome Sets is recommended to overcome such limitations and to enable
researchers to integrate data in systematic reviews and meta-analyses. A Core Outcome Set (COS) is
defined as a minimum set of outcome domains, which are recommended to be applied in each clinical
trial and to be extended by other domains according to the specific study design [6]. Some authors
extend the definition of COS including further relevant, reliable and valid measurement instruments
as well [8]. The development of a COS has once been pioneered by OMERACT (Outcome Measures in
Rheumatology; [5]). First guidance in developing COS has been presented by HOME (Harmonizing
Outcome Measures in Eczema; [8]) and COMET (Core Outcome Measures in Effectiveness Trials; [6]).
According to Schmitt et al. [8] developing COSs consists of several different steps, frequently beginning
with a systematic review of all outcomes reported in clinical trials and a subsequent consensus
process to vote for relevant outcome domains which should be assessed in clinical trials. Of high
importance are relevant and important stakeholders joining the expert panel, including patient
representatives who are expected to best decide about relevant outcomes [9]. Online surveys are
common for achieving consensus, but still the methodology of COS development is various and
heterogeneous [10]. Alongside the discussion of COS domain development, psychometric properties
of measurement instruments to measure COS domains have been questioned and guidelines have
been developed by COSMIN (COnsensus-based Standards for the selection of health Measurement
Instruments; [11–14]). Further, outcome measures of COS should adequately meet the criteria of truth
(i.e., validity; measure what they intend to measure), discrimination (i.e., reliability and sensitivity
to change; discriminate between situations), and feasibility (i.e., be applied and interpreted easily) in
order to be meaningful and relevant [15]. According to the notion that studies are only as credible
as their outcome measures [15] measures have to be validated on target population [13]. This is
always an important issue especially when considering comprehensive therapy approaches and/or
heterogeneous patient populations.

Naturally standardization in developing COS consisting of relevant domains and valid and
reliable measurement instruments is work in progress. Updates will become necessary due to advances
in research, therapy provision, quality of conceptual definitions and measurement instruments.

3. Core Outcome Sets for Low Back Pain in Clinical Trials

Based on the described obstacles in practicing evidence-based medicine, some outcome initiatives
with special focus on chronic pain in general [16,17] and non-specific low back pain [18–23] have been
established. The main objective of these initiatives is to recommend a consensus on COS of outcome
domains and measures that should be used in each clinical trial to enable comparison estimates of
the benefits of different pain interventions (e.g., medication, surgery). An overview of the different
recommendations is provided in Table 1.

The IMMPACT initiative (Initiative on Methods, Measurement, and Pain Assessment in Clinical
Trials) recommended 6 outcome domains to be included in any clinical trial of therapy approaches
in chronic pain in general, including NLBP: pain, physical functioning, emotional functioning,
participant’s ratings of global improvement, symptoms and adverse events, and participant’s
disposition (including adherence to the treatment regimen and reasons for premature withdrawal
from the trial) [16]. Additional domains were recommended to be assessed optionally according to
study question and aim (role functioning, interpersonal functioning, pharmacoeconomic measures and
health care utilization, biological markers, coping, clinician or surrogate ratings of global improvement,
neuropsychological assessments of cognitive and motor function, and suffering and other end of life
issues). Panel members of IMMPACT consisted of different professions (see Table 1). However, patient
representatives had not been included [16]. A survey performed with patients suffering from chronic
pain indicated other outcome domains as compared to the first recommendations [16,24]. Patients rated
the domains sleep, sexual activities, ability to fulfill role function, work ability, several forms of
activities (physical, homework, work, and social activities), emotional wellbeing, weakness and
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fatigue, and cognitive impairment to be obligatory in assessing therapy effectiveness [24]. The patient
relevant outcome domains are in accordance with the additional recommendations of IMMPACT [16],
but not with the main recommendation (see Table 1).

Alongside these recommendations for chronic pain in general, there are others which are more
disease specific. Especially for non-specific low back pain a long history of attempts to standardize
outcome exists [18–23]. Quite recently, an update of a former recommendation by Deyo [23] for
NLBP (consisting of pain symptoms, function, well-being, disability (physical and social roles) and
satisfaction with care) was published by Chiarotto et al. [18]. A group of 280 researchers of different
professions and backgrounds, patients and health care providers guided by a steering committee was
led through a complex Delphi process with clearly specified definition of consensus. Starting with 41
outcome domains derived from systematic reviews in 3 Delphi rounds (response rates 45%–52%) finally
3 domains were recommended to be COS relevant: physical functioning, pain intensity and health
related quality of life, whereby health related quality of life was not supported by the patient group. The
steering committee decided to include an additional domain “number of deaths” (as recommended by
OMERACT [15]) into the COS even though they stated occurring death in clinical trials in NLBP to be a
rare event. The COS is assumed to serve for all clinical trials in NLBP. All domains were accompanied
by a consented definition. Defining measurement instruments is now work in progress and will
complete the recommendation [18]. Other initiatives for NLBP recommended further overlapping
or distinct outcome domains by different kinds of decision making processes [21,22]. They mainly
included clinicians and researchers to identify relevant outcome domains.

A setting specific approach for vocational rehabilitation of NLBP and musculoskeletal pain
patients in the Netherlands is pursued by Reneman et al. [20] who developed a COS integrating ICF
(International Classification of Function) for low back pain [19] and IMMPACT [16] recommendations,
resulting in 18 outcome domains assessed by 12 measurement instruments. Reneman et al. kept the
ICF framework and extended it by primary and supplemental outcome domains as recommended
by IMMPACT. Patient participation in the process of defining COS was not considered and the panel
consisted mainly of physicians specialized in rehabilitation medicine. Psychometric properties of
measurement instruments were discussed as satisfactory [20]. Recommended domains are provided
in Table 1.

Since the therapy of chronic pain can pursue different aims the question emerged to what extent
a more unspecific recommendation, e.g., IMMPACT recommendation, can be applied to a specific
therapy approach in chronic pain. The VAPAIN initiative (Validation and Application of patient
reported outcome domains to assess in multimodal pain therapy) targets to assessing effectiveness of
an interdisciplinary multimodal therapy (IMPT) of chronic pain [17]. The project is a comprehensive and
multi-method approach consisting of several steps of systematic reviews (domains [25], instruments (in
preparation)), a multistep consensus process on domains and instruments accomplished by validation
studies investigating psychometric properties of potential instruments. According to previous
recommendations [9] panelists experienced in IMPT or COS development and with international and
multi-professional background (consisting of patient representatives, physicians specialized in pain
medicine, physiotherapists, psychotherapists and methodological experts) were invited. The challenge
of VAPAIN is the biopsychosocial model of chronic pain as a fundamental basis of the chosen therapy
approach, leading to a complex intervention. This means that all future included outcome domains
shall cover biological, psychological and social aspects affected by chronic pain.
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4. COS Measurement Instruments to Be Applied in Chronic Pain

Application of COS requires associated measurement instruments. For the purpose of assessment
in pain therapy there is a broad variety of measurement instruments, covering many aspects of
a biopsychosocial model of chronic pain. Deckert et al. identified more than 140 outcome domains in
the setting of IMPT [33], but even more applied instruments limiting comparisons between studies
and meta-analyses. e.g., pain intensity was measured in 56 out of 70 included studies, the variety
of the different instruments and their presentation was considerable (e.g., time period, interval of
Likert-scales, specific categories of pain levels etc.) [33]. Currently the psychometric properties of
measurement instruments for pain intensity are critically reflected [34–36].

IMMPACT proposed measurement instruments for their primary outcome recommendation [26].
The authors reported that psychometric property particularly of the psychological scales
(e.g., Beck Depression Inventory, Profile of Mood States) was lacking or insufficient. Despite of
this problem and due to the absence of alternatives between one and three measurement instruments
for each domain were recommended (Table 1).

In a recently published overview representatives of IMMPACT and OMERACT discussed
existing measurement instruments for physical function and participation [37]. The authors reported
a considerable variety of such instruments but still open questions for example according to the
discrepancies between patient reported outcome (PRO) instruments and objective measures of
physical function and influencing psychosocial factors. The need for PROs and inclusion of patient
representatives into developmental processes for PROs assessing physical function and participation
was repeatedly emphasized [37].

The functional barometer [38] has been developed as a measurement tool to assess ICF criteria
in patients with long term pain accompanied by pain related problems with function, activity and
quality of life. It consists of items for patient reporting and correspondingly a classification form
for professionals to assess patients’ problems from the clinicians’ perspective. Norrefalk reported
a significantly underestimation of the patients’ perceived problems followed by a large variability
between the different observers, and assumed that integrating the patients’ perception of pain related
problems should be regarded as to be of high value within the assessment in clinical trials [38]. A review
by Jelsma [39] demonstrated that ICF was broadly applied, but main critic refers to complication in
coding pain and the lack of codes for personal factors (such as satisfaction with specific aspects,
personal experience or emotional states).

Ashburn et al. [40] highlights that lacking data may put the specialty of pain medicine at risk and
calls researchers to redouble the efforts “to demonstrate that what we do, in fact, matters- and that
the care we provide improves the lives of those we serve as well as society as a whole” [40]. One way
to do so is to clear up the situation of heterogeneous and therefore incomparable outcome domains
and measurement tools to enhance meta-analyses. This also includes a careful work on psychometric
properties of measurement instruments in pain therapy, consequently considering the characteristics
and specialties of its very heterogeneous population. It is necessary to acknowledge the requirements
of the process of investigating instruments as well as the amount of resources and effort to ensure high
validity and reliability of concepts and instruments in pain therapy.

5. Core Outcome Sets for Daily Record Keeping in Routine Care for Patients with Back Pain

Several initiatives have worked on recommendation and standardization on outcome assessment
in daily record keeping (DRK; [41–46], see Table 2). The German Pain Questionnaire [41,42] is provided
to all specialized pain centers throughout Germany and supports quality management of the diagnostic
and therapeutic process. Via an electronic platform benchmarking for each institution is possible.
To fulfill requirements of diagnosis and therapy in different settings (outpatients, inpatients, specific
approaches in pain therapy) the included variables are comprehensive comprising sociodemographic
data, pain variables (e.g., pain sites, temporal characteristics, duration, intensity), pain associated
symptoms, affective and sensory qualities of pain, pain relieving and intensifying factors, previous
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treatment procedures, pain related impairment, and psychosocial factors (see Table 2). For users the
authors provide normative data and cut-off points for several scales.

For multidisciplinary outpatient treatment the Treatment Outcome of Pain Survey (TOPS) has
been developed and completed by norms for initial values and treatment related improvements [43,44].
A short form has been published recently [45]. Basing on the SF-36 the original TOPS-version
was generated by incorporating specific additional variables following a scientific model of
disablement [47], consisting of pain symptoms, functional limitations, perceived family/social
disability, objective family/social disability, and objective work disability (see Table 2). To complete the
biopsychosocial perspective other items concerning life control, passive coping, solicitous responses,
fear avoidance, upper body functional limitations, satisfaction with care and outcomes, and work
limitation have been included as well. The authors reported sufficient psychometric properties
(reliability and validity). As the authors concluded, the TOPS distinguishes from other pain and
quality-of–life instruments, e.g., it bases on a treatment model, it comprises both treatment and context
factors and it tracks individual change as well as documents the outcomes of groups of patients [44].
Rogers furthermore recommended the time line of providing the TOPS to patients and for a fast and
efficient administration process in routine clinical care [44].

Since the original TOPS consisted of 14 subscales and 8 subscales of the SF-36 a previous initiative
has tried to come up with a reduced version to improve feasibility [45]. A multi-methodic approach
has been conducted including judgment of experienced clinicians as well as criteria of psychometric
property and patients were asked about the acceptable amount of items. Finally, seven subscales,
including 4 out of 6 IMMPACT domains, were recommended (physical function lower body, physical
function upper body, pain symptom, role-emotional disability, family and social disability, patient
satisfaction with outcomes, patient satisfaction with care) accomplished by the SF-12 subscales
replacing the former SF-36 subscales [45]. To complete the recommended set of scales Haroutiunian et
al. suggested two more scales—performance/work disability scale and sleep scale [45]. The authors
recommended these instruments for patient reported outcome assessment for monitoring chronic pain
treatment by individual change and reported sufficient psychometric properties (reliability, validity,
and sensitivity to change), emphasizing that the inclusion of IMMPACT recommendations should
enhance the process of translation from research into immediate clinical practice.

A patient centered approach was presented by Casarett et al. [46], where patients were asked by
qualitative interviewing and quantitative assessment about the most relevant outcome domains for
medication treatment. Patients indicated 20 outcome domains, e.g., decrease pain, decrease opioid
dose, decrease frequency of scheduled dose, increased ability to function, decrease frequency of
breakthrough dose and improve sleep. The authors concluded, that the opinion of patients’ needs to
be valued when designing studies and defining relevant outcome. The Patient Centered Outcome
Questionnaire (PCOQ, [48]) targets 4 outcome domains such as pain, fatigue, emotional distress, and
interference with daily activities. The origin of the chosen outcome domains unfortunately remains
unclear. Notable is the focus of judging the outcome domains by the patients in 3 levels: usual
level, desired level, and level of success [48]. This way therapy success is clearly defined by patients’
expectations and differs from clinicians’ definition of treatment success in chronic back pain [46].

For Germany an initiative provides another tool to picture effectiveness in daily routine care of
IMPT institutions [49]. The authors selected items and scales from the German Pain Questionnaire [41,42]
such as average pain intensity (NRS, 0–10), Pain Disability Index (PDI), German version of the Center
of Epidemiologic Studies Depression Scale (CES-D) and the SF-36. The authors suggested a combined
criterion consisting of the presented instruments and the criteria that 4 out of 5 scales should have
changed at least 0.5 standard deviations to indicate a successful change. The tool was reported to be
useful to identify more than 50% of patients to have recovered in at least 4 of the 5 recommended
criteria [49]. The preference of the patients about the different success criteria and their cut-off had not
been considered. Including the perspective of patients might have led to completely different criteria
and their combination.
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Regarding these different approaches it becomes obvious that each approach has focused on
a specific aspect or function. Some want to support diagnostic and therapeutic process; others want
to ensure high quality of array of treatment. Several issues have been picked up, such as success
criteria or the distinction between individual or group change. All of these initiatives have brought up
important, yet until today unsolved parts of therapy quality assessment. An overarching work would
help to set the frame of definition and requirements of COS in DRK.

6. Issues for Further Consideration in the Discussion of COS for Chronic Pain

6.1. General Issues

Considering core outcome domains there is an overlap in recommended outcome domains or
areas of the different initiatives on chronic pain comprising pain (intensity), physical function, and
psychological factors (distress, emotional wellbeing, emotional functioning). Nevertheless there
are still significant gaps between these different recommendations. Primarily, the scope of the
domains varies significantly, for instance focusing on emotional functioning [16] or emotional
wellbeing [24]. Even though the area of the domains is the same (psychological) the underlying
concepts might be wide apart. A definition of theoretical constructs of domains was not always
provided. Many of the presented initiatives have included biological and emotional areas and domains
but still lack social components [16,18,22] (see Table 1). Some initiatives have tried to connect with
other initiatives [20,34]. This has led to a greater overlap between the different recommendations and
seems to be a promising way to close the existing gaps. For daily record keeping the recommendations
are even more heterogeneous, both in recommended domains and number of domains (see Table 2).
The recommendations vary according to national or international focus as well as to the setting they
consider (e.g., individual patient monitoring [36] or support of therapy and diagnostic approach [38]).
Different outcome measurement instruments might be a consequence and still hamper standardized
outcome measurement in effectiveness studies in chronic pain as described on the example of the
domain of pain intensity. From the current point of view it needs to be stated that there is still
a considerable lack of valid and reliable measurement instruments or unclear evidence of psychometric
properties of existing instruments. Previous reports about measurement instruments and their
properties for pain intensity vary significantly, from no evidence of psychometric property for pain
intensity [30], unclear evidence because of low report quality [29] to good results in psychometric
property for patient reported outcome questionnaires for people with pain in any spine region while
mainly fair methodological quality [51]. Lacking methodological quality is a well-known problem in the
field of measurement instruments and affects most of the instruments in pain research [26]. The work
of the COSMIN group is therefore promising and gratifying [11,12,14]. The basis of methodological
standards need to be reinforced by thoroughly designed validation studies, starting with content
validity and taking into account patients’ perspectives while designing scales [13]. Existing scales
should be careful investigated according to their psychometric properties in the sample of patients
with chronic pain [13]. Other aspects of applying scales and interpreting their results affect the context
of assessment. Relevance and sensitivity of outcome measurement instruments might interact with
acquainted active components of therapy approaches. It seems considerable that domains might
be more useful when linked to an attribute targeted by therapy. For instance, depression will only
consistently and consequently change according to an intervention when it is specifically aimed
for. Further the requirement of patient reported outcomes (outcomes picturing domains relevant to
patients) necessitates the consideration of patient aims, which depend also on the applied intervention.
Further concerning DRK measurement instruments should be sensitive to individual’s change as well
as to group effects. The translation of clinical results into practice as being part of treatment research
needs to consider both, requirements for DRK as well as for clinical trials/effectiveness studies, which
have not been discussed until today but are necessary to further establish COS in specific settings.
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6.2. Implementing and Updating COS

Implementation of a COS as part of the complete process has been highlighted by Schmitt et al. [8].
There are at least two important issues to be considered for this step: Feasibility and content validity
of a COS will certainly influence implementation. In addition to the domains which are part of
a specific COS, other outcome domains can be of relevance for specific study objectives. Therefore the
reasonably limited number of required COS domains shall enable researchers to add other domains
and still keep the set of questionnaires feasible to use. Another important issue is the existence of
competing COS recommendations as observed in chronic pain. Naturally competing COS will not
solve the existent situation of incomparable studies. An initiative to bring together the different COS
recommendations with focus of clinical trials to find consensus on recommended overlap and further
indicators for a specific COS application might help researchers to decide which COS is appropriate
for a designed clinical trial.

The application of such COS’s should not be restricted to clinical trials only. The attempt to
translate the knowledge about efficacy from clinical, standardized investigation of a therapy approach
into effectiveness of daily routine care needs at least an overlap of relevant domains. Therefore, a COS
is also relevant within routine care [52]. None of existing initiatives focused on therapy effects of
interventions for chronic pain for both effectiveness studies and daily recordkeeping in particular. Yet,
for DRK an international recommendation for one COS seems to be illusory at the moment considering
the different national requirements of structural and procedural characteristics of health care delivery,
health care politics and grown landscape of therapy approaches.

Developing COS is work in progress. Concepts of therapy or methodological approaches change
as well as the perspective of clinicians, researchers and patients. A COS will need to be updated
considering advances in all those areas in a manageable time period.

7. Conclusions

Core Outcome Initiatives in chronic pain target on harmonizing outcome assessment in clinical
trials, but frequently focus on different aspects, such as specific conditions, therapy approaches
or clinical settings. Implementing COS, as proposed to be part of an extended process of COS
development [8], depends on distinct indicators when to apply a specific COS, especially when
competing COS exist. Implementation also requires the application of valid and reliable measurement
instruments. At the moment the psychometric property of several instruments is either unknown or
insufficient. The careful identification of stake holders, patient representatives and scope of a COS will
strongly influence its acceptance and its implementation. Only accomplished by reliable, valid and
feasible instruments a COS serves well for meta analyses in evidence based medicine.
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Abstract: Control of the lumbar spine requires contributions from both the active and passive
sub-systems. Identifying interactions between these systems may provide insight into the mechanisms
of low back pain. However, as a first step it is important to investigate what is normal. The purpose
of this study was to explore the relationships between the lumbar inter-vertebral range of motion
and paraspinal muscle activity during weight-bearing flexion in healthy controls using quantitative
fluoroscopy (QF) and surface electromyography (sEMG). Contemporaneous lumbar sEMG and QF
motion sequences were recorded during controlled active flexion of 60˝ using electrodes placed
over Longissimus thoracis pars thoracis (TES), Longissimus thoracis pars lumborum (LES), and
Multifidus (LMU). Normalised root mean square (RMS) sEMG amplitude data were averaged over
five epochs, and the change in amplitude between epochs was calculated. The sEMG ratios of
LMU/LES LMU/TES and LES/TES were also determined. QF was used to measure the maximum
inter-vertebral range of motion from L2-S1, and correlation coefficients were calculated between
sEMG amplitude variables and these measurements. Intra- and inter-session sEMG amplitude
repeatability was also assessed for all three paraspinal muscles. The sEMG amplitude measurements
were highly repeatable, and sEMG amplitude changes correlated significantly with L4-5 and L5-S1
IV-RoMmax (r = ´0.47 to 0.59). The sEMG amplitude ratio of LES/TES also correlated with L4-L5
IV-RoMmax (r = ´0.53). The relationships found may be important when considering rehabilitation
for low back pain.

Keywords: spine kinematics; fluoroscopy; surface electromyography; reliability; agreement

1. Introduction

Optimal control of the spine during voluntary trunk bending requires fine-tuned coordination of
numerous trunk muscles [1]. This dynamic control is believed to be modulated by communication
between three sub-systems, the passive (vertebrae, discs, and ligaments), the active (muscles and
tendons), and the control (central nervous system and nerves) systems [2,3]. Investigating the interplay
between sub-systems however is difficult, as the spine is a complex structure; and a hidden kinematic
chain. Several different technologies are therefore typically required, each with their own limitations.

In order to directly investigate the passive and active sub-systems of the spine, there have been
many efforts to concurrently measure spinal kinematics and muscle activity [4–12]. The majority of
these studies have used surface electromyography combined with skin surface kinematic measurement
techniques such as Fastrak [8,13], Isotrak [9,11,12], or cameras [4,5,7]. These are limited to the
investigation of gross spinal motion. To include segmental data usually requires invasive techniques
such as the surgical insertion of intra-osseous pins. In this way Kaigle et al. (1998) investigated the
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reduction in lumbar muscular activity during full flexion (flexion relaxation) and spinal kinematics at
an inter-vertebral level [10]. However, typically only single motion segments were considered, and
EMG was also only recorded from one level (e.g., lumbar longissimus thoracis) [10].

1.1. Contemporaneous Monitoring of Inter-Vertebral Passive and Motor Control Systems

Study of the integrated function of the joints and muscles of the spine requires contemporaneous
multi-level kinematic and electromyographic monitoring throughout the motion. This is necessary
to incorporate timing, magnitude, and segmentation in the two systems to characterise control.
Multi-level surface electromyography fulfils these requirements for motor control and quantitative
fluoroscopy measures a range of continuous inter-vertebral motion variables [14]. Contemporaneous
recording of these measures therefore provides an integrated assessment of the passive and active
systems of the spine, and it is proposed that this may be useful when assessing patients with low
back pain (LBP) [4,15]. This study therefore deployed quantitative fluoroscopy (QF), and surface
electromyography (sEMG) of the lumbar spine together for the first time. The study investigated
the biomechanics of the lumbar spine in a healthy control population in order to potentially better
understand the significance of biomechanical changes in LBP populations.

1.2. Variable Selection

In order to investigate relationships between segmental kinematics and local muscle activity,
suitable variables from each must be identified. While responses to perturbation [16], and the flexion
relaxation phenomenon (an absence of paraspinal muscle activity during full sagittal flexion (FRP))
have been investigated [17,18], few studies have included sEMG amplitude changes throughout
the cycle, be they increases or decreases. This study therefore addressed these parameters. QF
measures continuous intervertebral rotation and translation in the coronal and sagittal planes during
weight-bearing or recumbent motion and can also extrapolate the instant axis of rotation (IAR) and
rotational range attainment rate from this. However, the need to also compare intervertebral range
of motion (IV-RoM) with sEMG in the present studies, dictates the need for continuous motion
information. Therefore IAR rotation and attainment rate were not likely to be so useful. In addition,
the small ranges of translation make this measure unsuitable for numerical comparisons, leaving
maximum rotational motion as the preferred measure.

To investigate the relationships between lumbar muscle activity and inter-vertebral restraint
during bending requires access to the maximum IV-RoM (IV-RoMmax). Continuous intervertebral
rotation data allows both temporal comparisons with other variables and the actual maximum IV-RoM
(IV-RoMmax), rather than IV-RoM at the limit of voluntary trunk bending, to be extracted. Recording
in the standing orientation allows these comparisons.

1.3. Enhanced Functional Assessment

Sanchez-Zuriaga et al. (2015) suggest that there are only subtle differences between various low
back patient groups and healthy controls in terms of paraspinal muscle activity and regional lumbar
movement [4]. This means that either muscle activity has no effect on the range of motion, or that we
are missing the detail of what is happening at individual levels. For example it may be that whereas
there is an increase in paraspinal activity in recurrent LBP patients during flexion, but no difference in
RoM, the share of RoM may have shifted between levels at different stages in the motion. The primary
role of the paraspinal muscle during flexion is to resist inter-vertebral motion [19] and so it may be
that the motion is restricted at a specific level, and compensated for elsewhere, be this at other lumbar
levels, or in the thoracic spine or pelvis. It is essential therefore, when attempting to understand the
relationships between functional impairments and LBP that specific inter-vertebral levels are assessed
both in terms of kinematics and associated muscle activity.
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1.4. Repeatability

The development of QF techniques has seen its use in LBP research become more common [20–22].
IV-RoM has been the most common QF measure of inter-vertebral motion [22–24], where it has been
shown to be accurate and reliable [22,25]. It is known however that sEMG recordings, by contrast, are
inherently variable [26,27]. Therefore, a sub-study was conducted to assess the intra and inter-session
repeatability (reliability and agreement) of the mean normalised root mean square (RMS) sEMG
amplitude recordings from the entire flexion and return cycle.

1.5. Aim of the Study

The purpose of this study was to quantify the relationships between IV-RoMmax during flexion
of the lumbar spine with the accompanying paraspinal muscle activity.

1.6. Specific Objectives

To determine the inter- and intra-session reliability and agreement of normalised sEMG
amplitudes during weight-bearing sagittal flexion and return.

‚ To determine whether ratios of inter-level lumbar paraspinal sEMG amplitudes are related to the
IV-RoMmax at lumbar inter-vertebral levels.

‚ To determine whether changes in sEMG amplitudes during different phases of the forward
bending cycle are related to IV-RoMmax at lumbar inter-vertebral levels.

2. Experimental Section

2.1. Participants

The eligibility criteria for the study are shown in Table 1. Twenty male participants from the
Anglo-European College of Chiropractic (AECC) student population were recruited. National Research
Ethics Service (NRES) approval was gained for the study (Bristol 10/H0106/65) and written informed
consent was obtained from all participants prior to data collection. The QF and sEMG data collection
was conducted concurrently. In order to minimise the potential impact of variations in parameters
such as soft tissue thickness (STT) and spinal degeneration (e.g., reduced disc heights), recruitment
was restricted to young adult males.

Table 1. Eligibility criteria.

Inclusion Exclusion

Males aged 20–40 years Poor understanding of English
Able to understand written information Having treatment for osteoporosis
Willing to participate and able to give

informed consent Recent abdominal or pelvic surgery

Consent to GP being informed Previous lumbar spine surgery
BMI < 30 BMI > 30

No history of low back pain that
prevented normal activity for at least one

day in the previous year

Any medical radiation exposure in the past year
or exposure in the past two years with a dose

greater than 8mSv
Current involvement in any other research study

2.2. Kinematic Data Collection and Processing (Quantitative Fluoroscopy)

Lumbar spine fluoroscopic images were collected at 15 Hz using a Siemens Arcadis Avantic
VC10A digital fluoroscope (CE0123) and an upright motion frame, which stabilised participants and
guided their bending motion. Participants were asked to stand with their right side against the motion
frame (Figure 1), and follow a rotating arm rest which guided them through a range of 60˝ of forward
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flexion and a return to upright during continuous fluoroscopic imaging over a period of 20 seconds. A
range of 60˝ was selected on the basis that the lumbar spine has an overall range of 80˝ (Flexion and
extension components) [28]. The motion frame apparatus could be fully adjusted in accordance with
the participant’s stature, and the central ray was positioned at L4 to ensure that all vertebrae (L2-S1)
were included in the image field.

Figure 1. Fluoroscope and motion frame set-up.

Before image acquisition commenced, participants were taken in 20˝ increments through to the
full 60˝ to ensure that they were able to tolerate the motion. The movement of the motion frame was
recorded by electronic feedback from its motor drive and synchronised with the fluoroscopic imaging.
To avoid bending at the hip joints, the pelvis was stabilised using a belt secured around the anterior
superior iliac spine and secured to a bracing pad placed against the lower sacral segments. A lead
apron was worn to shield the gonads.

Flexion and return sequences were then transferred to a desktop computer for analysis using
bespoke image processing codes written in Matlab (The Mathworks, Cambridge) [14]. The vertebral
outlines from L2-S1 in the first image in each sequence were manually marked with an electronic
template using the screen cursor. This process was repeated five times for each sequence and the results
averaged to increase precision. In each subsequent image frame the software programme automatically
tracked each vertebra, producing a continuous measurement of its movement throughout the bending
sequence [14]. Template tracking was checked visually via video playback to ensure the templates
maintained the correct alignment throughout the sequence.

The data extracted comprised the continuous inter-vertebral angle in flexion and the IV-RoMmax.
IV-RoMmax for each inter-vertebral level (L2-3, L3-4, L4-5 and L5-S1) was calculated as the maximum
angular range reached at any point throughout the 60˝ trunk flexion and return cycle.

2.3. Electromyography

Prior to the commencement of data collection, participants lay prone in order for 12 electrode
sites to be marked on their backs with a skin pencil. In preparation for this, the skin over their lower
backs was prepared for sEMG electrode application by light abrasion, cleaning with an alcohol swab,
and when necessary, shaving of the area. Disposable pre-gelled self-adhesive Ag-AgCl electrodes
were then applied over three bilateral muscle groups with a 20 mm centre-to-centre inter-electrode
distance as follows: Thoracic erector spinae (TES) (5 cm lateral to the T9 spinous process) [12,29], the
lumbar erector spinae (LES), and lumbar multifidus (LMU) (2 cm lateral to the L2 and L5 spinous
processes) [18,30] whilst the participant was in slight flexion (Figure 2).
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Figure 2. Electrode positioning sites. (Note: T9 spinous refers to the spinous process of the ninth
thoracic vertebra, L2 to the second lumbar vertebra and L5 to the fifth lumbar vertebra.)

Although cross talk from multiple muscles will inevitably contribute to the signal recorded at
each electrode site, cross-sections of the spine at each electrode site showed that the muscles that
will predominate at T9 (TES) and L2 (LES) is longissimus thoracis, and at L5 (LMU) multifidus [31].
Three Biopac wireless transmitters (Bionomadix Dual Channel Wireless EMG) were then placed on the
lower back attached by self-adhesive Velcro pads. There was no significant difference between the
normalised mean sEMG amplitudes recorded over left and right sides during the flexion and return
cycle. Therefore, an average of the mean amplitudes from both sides was used for all analysis [15].

2.4. Electrode Positioning Accuracy

Electrode application accuracy is dependent on the subjective identification of bony anatomical
landmarks, and current methods used are therefore limited by human subjectivity and variation in
individual anatomy [32–35]. It has been suggested however that accuracy can be improved significantly
when techniques are combined [36]. This investigation was integrated into a larger ongoing normative
database study, which required recumbent QF imaging before weight-bearing imaging commenced.
In order to improve electrode positioning accuracy, an electrode was placed over the spinous process
of L3 during the recumbent protocol. This provided an improved anatomical reference point for the
application of the electrodes (Figure 3).

 

Figure 3. An electrode placed over the spinous process of L3.
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2.5. The sEMG Equipment

The sEMG signal data were recorded at a sampling rate of 2000 Hz using a common-mode
rejection ratio (CMRR) of 110 dB and an input impedance of 1000 MOhms.

The six signals were band pass filtered at 10–500 Hz and full wave rectified. The root mean
square (RMS) amplitude was calculated for individual participant cycles and normalised during
post-processing to sub-maximal voluntary contractions expressed as a percentage of the sMVC.

2.6. Reference Contraction

When data collection had been completed, and in order to provide a sub-maximal reference
contraction (sMVC) [37], participants were asked to lie prone on a padded bench with their hands
behind their head. They were then required to raise their torso off the couch and hold this position for
five seconds whilst their legs and pelvis were stabilised. This process was repeated three times and the
average sMVC was used as a reference. This technique was selected over a normalisation to a peak,
primarily due to the even loading of the investigated muscle groups, but also to avoid the problem of
variations in participant’s muscle activation patterns in order to produce the same movement.

2.7. Synchronisation

The QF motion frame controller recording and the sEMG data recording were co-ordinated using
a trip switch attached to the motion arm of the frame. This registered a data point on the sEMG
timeline (Figure 4).

Figure 4. Synchronisation of the motion frame movement and sEMG recordings.

2.8. The sEMG Amplitude Repeatability Study

A separate convenience sample of 10 participants was used for the sEMG amplitude intra- and
inter-subject repeatability studies. These studies were done without QF imaging. The acquisition
cycle was repeated four times (several minutes apart) at baseline and follow up. Intra-session results
compared cycles 1 and 2 (of the four), whereas inter-session results were calculated as an average of
the four mean (left and right) normalised amplitudes recorded over the cycle duration. All analysis
was conducted by ADR.

2.9. Data Analysis

sEMG ratios [38,39] were calculated from the mean left-right normalised sEMG (RMS) amplitudes
during the flexion phase only as follows, LMU/LES, LES/TES and LMU/TES. In order to calculate
sEMG changes at different stages of the flexion cycle, the forward bending phase was divided into
five epochs for each participant [15]. The change in mean sEMG between epochs was then calculated
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(e.g., the change during the early stage of flexion was calculated as (epoch 1–2) for each of TES, LES,
and LMU). This was repeated to determine changes between all epochs at all levels.

All data were tested for normality using the Shapiro-Wilk test. Relationships between IV-RoMmax
and sEMG ratios and changes from normally distributed data were analysed using the Pearson
product-moment correlation coefficient, and non-normal data using the Spearman’s Rank Correlation.
Significant relationships (p values < 0.05) were further analysed using simple linear regression.
Intra-subject reliability and agreement of the mean normalised RMS sEMG amplitudes throughout the
flexion and return cycle were assessed using intra-class correlations (ICC 3, 1) [40], and the standard
error of measurement (SEM) respectively [41]. Statistical analysis was performed using IBM SPSS
(version 21).

3. Results and Discussion

3.1. Results

Twenty males with no history of low back pain over the previous year consented to participate.
Failed template tracking occurred in two participants’ sequences, and their QF and sEMG data were
therefore discarded. The mean (SD) age, height, and body mass Index (BMI) were 27.6 years (4.4),
1.8 m (0.06), and 24 (2.2), respectively. Average radiographic exposure factors for the group were
recorded as 79.7 kV SD (5.4) and 55.4 mA SD (3.4). The mean effective dose was calculated using
ICRP103 conversion software PCXMC (Monte Carlo Simulation Package) [42], and was 0.143 mSv. A
complete motion sequence of the lumbar spine therefore requires less radiation than a single traditional
radiograph [14]. Mean normalised RMS sEMG during the flexion cycle ranged between 3% and 21%
for the TES, 2% and 31% for the LES and 13% and 40% for the LMU.

3.1.1. Reliability and Agreement

Intra- and inter-session reliability and agreement for normalised muscle activity during the
bending sequence was high for all muscle levels (Table 2). The highest ICC was for LMU intra-session
(ICC = 0.990, 95% CI 0.961–0.998), and the lowest SEM was 0.5% for TES intra-session. The lowest
ICC was for LES inter-session (ICC = 0.872, 95% CI 0.508–0.968) and the highest SEM was for LES
inter-session (SEM = 3.9%).

Table 2. Intra- and inter-session reliability and agreement for normalised RMS sEMG amplitudes
during the weight-bearing sagittal plane QF protocol (n = 10).

Intra-Session ICC
(3, 1) (95% CI)

Inter-Session ICC
(3, 1) (95% CI)

Intra-Session
SEM (%)

Inter-Session
SEM (%)

TES 0.996 (0.986–0.999) 0.895 (0.606–0.974) 0.5 2.7
LES 0.984 (0.939–0.996) 0.872 (0.508–0.968) 1.2 3.9

LMU 0.990 (0.961–0.998) 0.974 (0.902–0.993) 1.4 2.8

3.1.2. Correlations between Muscle Activity Changes and IV-RoMmax

A summary of all correlations between changes in muscle activity and IV-RoMmax is given
in (Table 3). Significant correlations were only found with lower lumbar segmental motion (L4-5
and L5-S1). These were consistently of mid-level strength (r-values ranging from –0.48 to 0.59),
and include inter-vertebral relationships with all three muscle levels. The results also demonstrate
a number of correlations that approach significance; these did include relationships with motion at
upper inter-vertebral lumbar levels (L2-3 and L3-4).

All significant correlations were further analysed using simple linear regression. The effects of
muscle activity changes on IV-RoMmax are shown in (Table 4). The table shows that r2 values range
from 0.177 to 0.247.

169



Healthcare 2016, 4, 4

Table 3. Correlations* between muscle activity changes (three groups, five epochs) and IV-RoMmax at
all inter-vertebral levels (n = 18).

Inter-Vertebral level

Muscle activity change L2-L3 L3-L4 L4-L5 L5-S1
TES epoch 1-2 r 0.404 0.316 ´0.164 0.224

p 0.097 0.201 0.516 0.371
TES epoch 2-3 r 0.083 ´0.02 0.036 ´0.477

p 0.743 0.938 0.888 0.045
TES epoch 3-4* r ´0.059 ´0.077 ´0.171 ´0.434

p 0.817 0.760 0.496 0.072
TES epoch 4-5 r ´0.124 ´0.194 ´0.134 ´0.103

p 0.625 0.441 0.596 0.683
LES epoch 1-2* r ´0.203 0.070 0.595 0.391

p 0.418 0.782 0.009 0.108
LES epoch 2-3 r ´0.045 0.257 0.295 0.497

p 0.86 0.303 0.234 0.036
LES epoch 3-4 r ´0.117 ´0.118 0.211 0.266

p 0.645 0.642 0.4 0.286
LES epoch 4-5* r 0.228 0.215 ´0.088 ´0.055

p 0.362 0.392 0.729 0.829
LMU epoch 1-2 r 0.14 0.334 0.314 ´0.144

p 0.58 0.176 0.204 0.567
LMU epoch 2-3* r 0.021 0.062 0.317 0.139

p 0.935 0.807 0.200 0.581
LMU epoch 3-4 r ´0.039 0.164 0.455 0.273

p 0.877 0.517 0.058 0.272
LMU epoch 4-5 r ´0.159 0.067 0.429 0.461

p 0.53 0.793 0.076 0.027

Significant correlations are highlighted in bold italic. Correlations that approach significance are highlighted
in bold. * Indicates a row that includes non-parametric data and therefore a Spearman’s Rank Correlation
was used. All other normally distributed data were analysed using the Pearson product-moment correlation
coefficient. r = correlation co-efficient, p = p-value.

Table 4. Simple linear regression analysis: significant correlations.

Variable Inter-Vertebral Level r p r²

LMU Epoch 4-5 L5-S1 0.461 0.027 0.212
LES Epoch 2-3 L5-S1 0.497 0.036 0.247
TES Epoch 2-3 L5-S1 ´0.477 0.045 0.227
LES Epoch 1-2* L4-5 0.595 0.009 0.177

* Indicates a row that includes non-parametric data and therefore a Spearman’s Rank Correlation was used. All
other normally distributed data was analysed using the Pearson product-moment correlation coefficient. r =
correlation co-efficient, p = p-value and r2 = the co-efficient of determination.

3.1.3. Correlations between sEMG Ratios and IV-RoMmax

The correlations between sEMG ratios and IV-RoMmax at all inter-vertebral levels are shown
in (Table 5). The only significant relationship was found between the ratio of LES/TES and the
IV-RoMmax at L4-5, and is demonstrated by the scatter plot in (Figure 5). This plot highlights the
negative correlation between the LES/TES ratio and L4-L5 IV-RoMmax, and shows that when the
muscle activity of the LES increases relative to that of the TES, there is a decrease in the IV-RoMmax
at L4-L5. The only other correlation to approach significance was between LMU/LES ratio and the
IV-RoMmax at L5-S1 (r = 0.37, p = 0.13).
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Figure 5. The relationship between the ratio of LES/TES and the IV-RoMmax at L4-5.

Table 5. Correlations between muscle activity ratios and IV-RoMmax at all inter-vertebral levels (n = 18).

Inter-Vertebral Level

Ratio L2-L3 L3-L4 L4-L5 L5-S1
LMU/TES r 0.046 ´0.013 ´0.236 0.152

p 0.856 0.958 0.345 0.548
LMU/LES r ´0.209 0.04 0.263 0.37

p 0.405 0.875 0.292 0.13
LES/TES r 0.095 ´0.217 ´0.533 ´0.242

p 0.708 0.387 0.023 0.333

r = the Pearson product-moment correlation coefficient, p = p-value.

3.2. Discussion

3.2.1. Reliability and Agreement

It is recommended that any procedures to be used in EMG studies should undergo reliability
testing [43]. In this study, intra- and inter-session reliability and agreement was “substantial” for
all muscle levels [40]. A common problem with sEMG studies is the great variability in their
findings [44,45], therefore the high reliability shown in this study is reassuring. It is usual for a
proportion of variability to be attributed to a lack of standardisation, and the method by which EMG
variables are normalised [46]. The results however (Table 2) indicate that the standardisation of
movement range, speed, and direction provided by the QF protocol may have played an important
role in reducing the impact of variability resulting from these causes. It should be observed however
that reliability and agreement was relatively poorer in the inter-session group, and of particular note
was the increase in SEM for LES (3.9%). As muscle activity changes can be subtle during functional
tasks, this may be a limitation for future inter-session studies.

3.2.2. Changes in sEMG Amplitudes at Different Stages of the Flexion Cycle

The results demonstrate that changes in activity of TES, LES, and LMU at various stages of the
forward bending cycle, can all be to some degree related to the IV-RoMmax at lower lumbar levels
(L4-5 and L5-S1). It has been suggested that intersegmental forces maintain or decrease inter-vertebral
motions [47,48], it would seem logical then that if the role of the posterior muscles is to resist sagittal
flexion, in order for inter-vertebral movement to occur, there must be a deactivation of this supporting
musculature. Figure 6 shows an example of how the muscles most local to the L5-S1 inter-vertebral
segment (LMU) demonstrate a significant decrease in activity during the final stage of flexion in a
healthy control subject. This corresponds with the phase lag [49] in the initiation of movement at
the adjacent inter-vertebral level from the motion graphs. The larger the change in activity between
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epochs, (in this case deactivation in the final stages of the flexion cycle) the larger the IV-RoMmax at
L5-S1. This is suggestive of a degree of localised control, however, the stabilisation of the pelvis in
order to keep the spine in the image frame and avoid hip joint contributions to motion cannot be ruled
out as possible external influences. This direct relationship between corresponding levels was not
apparent between the LES and the upper inter-vertebral lumbar motion segments (Table 5), and may
be suggestive of anatomically specific control at this level. However, the potential importance of LES
and TES was also highlighted.

Figure 6. An example of LMU activity and lumbar IV-RoM during sagittal flexion.

Of particular interest is the apparent shift in effect between TES and LES on the IV-RoMmax
of L5-S1 (Figure 7). As LES activity decreases between epochs 2 and 3 of the cycle (early mid stage)
there is an associated increase in L5-S1 IV-RoMmax, whilst at the same stage of the cycle TES changes
(decrease) are significantly associated with a decrease in L5-S1 IV-RoMmax (Figure 8). This indicates
possible different roles for TES and LES in terms of the control of the range of motion at a distal
motion segment. If there is more movement at L5-S1 there may be less activity of LES, more TES, and
vice versa.

 

Figure 7. An example of LES and TES activity and L5-S1 IV-RoM during sagittal flexion (An example
of a greater IV-RoMmax). Please note that the scales of both Y-axis are slightly different to those seen in
Figure 8.

When considering the LES to be local (inter-segmental) and TES to be global (multi-segmental) [50],
then these findings may have important clinical implications, as they raise the possibility of level
specific stabilisation/control. Conflicting arguments have been put forward regarding the role of
local and global muscles in spinal stability, Bergmark suggested that inter-segmental (local) muscles
were the chief stabilisers [50], whereas Crisco and Panjabi concluded that the larger multi-segmental
(global) muscles were more powerful [51]. In a study investigating the relative contribution of different
trunk muscles to lumbar stability, Cholewicki and Van Vliet concluded that whilst inter-segmental
and multi-segmental paraspinals had the greatest effect on stabilisation compared to other muscles
(psoas and rectus abdominis), no distinction could be made between the two [52].
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Figure 8. An example of LES and TES activity and L5-S1 IV-RoM during sagittal flexion (An example
of a smaller IV-RoMmax). Please note that the scales of both Y-axis are slightly different to those seen
in Figure 7.

There are many correlations that approach significance (Table 3), and therefore future studies
with a larger sample size may well reveal more statistically important relationships, potentially with
upper lumbar inter-vertebral levels.

3.2.3. The sEMG Ratios

Previous work has indicated a clear distinction between the kinematic behaviour of the upper and
lower sections of the lumbar spine [53]. It was anticipated therefore that there may be relationships
between the IV-RoMmax and the muscle activity ratio of LMU/LES. These were not evident,
and suggest that the location of a motion segment within the spinal curvature, or the influence
of passive structures (e.g., the strong iliolumbar ligament) may influence such interactions. The ratio of
LES/TES however, did reveal a statistically significant negative relationship with the range of motion
at L4-L5 (Figure 5 and Table 5).

The ratio of lumbar erector spinae over thoracic erector spinae activity has been investigated
in several previous studies [38,39,54–56]. In a musculoskeletal trunk model based on the EMG
data collected from two healthy participants, Cholewicki and McGill suggested that the preferential
recruitment of the LES over the TES may be a strategy to increase spinal stiffness [54]. A further study
comparing the muscle recruitment patterns in healthy controls to those of LBP patients, found higher
LES/TES ratios in the latter [38]. These results led to the conclusion that the differences found between
groups were likely to be an adaptation designed to enhance spinal stability. This theory was further
supported by Van Den Hoorn et al. (2012), who also demonstrated a significantly higher LES/TES
ratio in LBP patients during gait [55].

Reeves et al. also investigated this muscle activation imbalance in varsity athletes, and while
maintaining that there was indeed a relationship between muscle imbalance between levels and
LBP, the authors also found that in some individuals with a history of LBP, TES activity could be
dominant [39]. The authors contend that this may be explained by pathology, e.g., the CNS optimising
activation to minimise compression, or by a difference in muscle fibre types between groups in order to
compensate for fatigue related pain [39]. Crucially however, there is also the mention of the possibility
of the patterns being the result of different types of posture or lordosis, and that further studies may
account for this effect.

The results of this study highlight that the ratio of LES/TES can vary in a population with no long
term history of low back pain, and would appear to relate to variations in inter-vertebral mechanics in
such a population. It has been proposed that lumbar inter-segmental movement is also influenced by
spinal morphology [57], but these results provide more level-specific detailed information, and it is
apparent that different recruitment strategies are required in accordance with inter-vertebral range
changes. A question frequently asked in this field of research is whether these strategies are a cause or
a consequence of the related kinematics.
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It has been suggested that muscle imbalance between levels does not cause low back injury [39].
It is also suggested that imbalance is not necessarily tantamount to impairment. Therefore correcting
muscle imbalance in patients should not be a priority. However if L4-L5 or L5-S1 are the segments of
interest, or suspected levels of pain generation and movement at that level is considered to be part of
the problem, then reducing the muscle imbalance may be of importance.

In a LBP free population sample, it might be assumed that variations in muscle activity patterns
do not represent adaptations to pain. However, that is not to say that particular activity patterns
and thus kinematic behaviours may not be risk factors for future LBP episodes. It also questions the
conclusions of studies that compare LBP population groups with healthy pain free controls, as muscle
activity patterns may not be adaptations to the episode.

It is suggested that achieving sufficient stability is a moving target, and that no single muscle
can therefore be considered the best stabiliser, as the most important muscle is transient dependent
on the task [58]. The results provide a demonstration of this concept in action during the task of
forward bending. Whilst effect sizes are small, inter-vertebral movements have been shown here to
be influenced by muscle activity. It would seem that IV-RoMmax depends not only on the relative
activation of multiple trunk muscles, but also other biomechanical variables, therefore, the next
logical step may be to assess the importance of each. This will require multivariate analysis of larger
population samples. If the relative value of each factor can be determined, then better informed
decisions regarding model types and inputs may be possible. The diversity of muscle activation
patterns within a “normal” sample highlights the problem of using limited participant numbers as a
basis for systems models, whereas reductionist approaches are typically weakened by the limitations
of the size of the effects of the selected variables. If the variables with the greatest influence on
kinematics can be found, then the selective use of these variables in models and LBP/control studies
may be beneficial.

Finally, it is a limitation of this study that people with non-specific low back pain were not
included, yet it would be important to know to what extent these relationships, which are consistent
with maintaining appropriate restraint on vertebrae during bending, are disrupted in patients. If so,
this would point to a potential route for patient stratification based on biomechanics. Such studies are
now warranted. The study also only investigates a narrow population (i.e., young healthy male adults)
and so the results are not generalizable to other groups. It is anticipated that variations in kinematic
and morphological parameters that are associated with age related change and gender would also
affect IV-RoMmax, and therefore also warrant further investigation. Future investigators may also
wish to incorporate measurements such as thoracic kyphosis and pelvic incidence in order to gain
insight into changes in kinematic behaviour beyond the lumbar spine.

4. Conclusions

This study found weak to moderate but significant correlations between both muscle activity
changes and ratios and IV-RoMmax at various inter-vertebral levels. Of particular interest was the
correlation between decreased LMU and increased IV-RoMmax at L5-S1 in the latter stages of flexion,
the apparent co-dependency between LES and TES during early to mid-flexion, and the effect of the
LES/TES ratio on the IV-RoMmax at L4-L5. These relationships, when combined with other influencing
factors, may be important when specific inter-vertebral levels are considered to be sources of pain
generation and when considering rehabilitative or surgical planning. Multivariate investigations in
larger samples are warranted, potentially leading to longitudinal outcome studies in LBP groups.
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Abstract: It is now well established that psychosocial factors can adversely impact the outcome of
spine surgery. This article discusses in detail one such recently-identified “risk” factor: demoralization.
Several studies conducted by the author indicate that demoralization, an emotional construct
distinct from depression, is associated with poorer pain reduction, less functional improvement
and decreased satisfaction among spine surgery patients. However, there are indications that the
adverse impact of risk factors such as demoralization can be mitigated by psychosocial “maximizing”
factors—characteristics that propel the patient towards positive surgical results. One of these
maximizing factors, patient activation, is discussed in depth. The patient activation measure (PAM),
an inventory assessing the extent to which patients are active and engaged in their health care, is
associated not only with improved spine surgery results, but with better outcomes across a broad
range of medical conditions. Other maximizing factors are discussed in this article. The author
concludes that the past research focus on psychosocial risk factors has limited the value of presurgical
psychological screening, and that future research, as well as clinical assessment, should recognize
that the importance of evaluating patients’ strengths as well as their vulnerabilities.

Keywords: presurgical psychological screening; spine surgery; demoralization; patient activation;
MMPI-2-RF; maximizing factors

1. Introduction

The use of surgery for protracted back and neck pain has increased rapidly over the past two
decades, with spinal fusion accounting for a majority of this growth. For example, Rajaee et al. [1]
examining the United States data set for the Healthcare Cost and Utilization Project (HCUP) for the
years 1998 to 2008, found that spinal fusion increased 2.4 fold from 174,223 to 413,171. The average
hospital costs associated with such surgeries have also increased significantly, as reported by
Weinstein et al. [2] who found the hospital costs associated with spinal fusion averaged about $82,000
per patient, a 3.3 fold increase compared to 1998. By 2008 national hospital billing for spinal fusion
alone was almost $34 billion.

Spine surgery can be, and often is, quite effective. For example, Weinstein et al. [3] in the Spine
Patient Outcomes Research Trial (SPORT) study found that at both six months and two years post-op,
patients undergoing laminectomy/discectomy obtained greater reductions in pain and improvements
in functional ability than did patients treated non-surgically for herniated lumbar discs. Similarly, Mirza
et al. [4] found that individual with back pain who underwent spine surgery (mostly spinal fusion)
showed greater reduction in disability than did those who did not receive invasive treatment (see also
Fritzell et al. [5]).

On the other hand, it is well established that spine surgery not infrequently fails to provide pain
relief and improved functional ability. For example, a recent analysis of discectomy patients found 28%
had unfavorable outcomes [6], with a 10% reoperation rate. In like fashion, Copay et al. [7] found that of
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patients who had undergone spine surgery (mostly spinal fusions) only 47% to 61% showed clinically
significant improvement on any one of the outcome measures examined. Further, Brox et al. [8] found
that long-term improvement after instrumented fusion was no better than treament with a combination
of cognitive-behavioral intervention and exercise (see Mirza and Deyo [9] for a systematic review).

A large and growing body of research is finding that psychosocial risk factors can contribute
significantly to the variability in spine surgery outcome (for reviews see Block [10]; Block, Gatchel,
Deardorff and Guyer [11]. Research by our group (Block et al. [12]; Marek, Block and Ben-Porath [13]),
and others (e.g., Edwards et al. [14]; Trief, Grant and Fredrickson [15]; Voohies, Jaing and Thomas [16];
Chiachana et al. [17]) demonstrate the adverse impact on surgery results of depression, elevated pain
sensitivity, workers’ compensation, somatic anxiety and poor pain coping, to name just a few. In one
of our studies (Block et al. [18]) patients identified as having a high level of psychosocial risk had
only about a 15% chance of obtaining good surgical outcome, as defined by reduction in pain and
improvement in functional ability.

2. Demoralization

Until recently, much of the research on presurgical psychological screening (PPS), was based on
the use of the original Minnesota Multiphasic Personality Inventory (Hathaway and McKinley [19]) or
its first major revision, the MMPI-2. However, recent research by our group using the latest revision of
this test, the MMPI-2-Restructured Form (MMPI-2-RF: Ben-Porath and Tellegan [20]) has identified
another psychological factor, demoralization, that is powerfully associated with reduced outcome of
both spine surgery (Marek, Block and Ben-Porath [13]) and spinal cord stimulation (Block, Marek and
Ben-Porath [12]). Ben-Porath [21] defines demoralization as “a pervasive and affect-laden dimension
of unhappiness and dissatisfaction with life”. Demoralization, assessed by a 24-item scale exclusive
to the MMPI-2-RF, scale RCd, includes items that “reflect the presence of dysphoric affect, distress,
self-attributed inefficacy, low self-esteem and a sense of giving up” (p. 53). Such feelings appear
to underlie a broad range of mental health disorders. For example, Simms et al. [22] found that
among military veterans RCd elevations correlate strongly with both current and lifetime diagnosis of
depressive and anxiety disorders, and with negative emotionality. Scale RCd, demonstrates desirable
psychometric properties, including strong test-retest reliability r2 = 0.88, and internal consistency
(r2 ranging from 0.87 to 0.93 depending on the population tested), with no significant differences
between average scores of men and women (Tellegen and Ben-Porath [23], pp. 24–25).

Our research (Marek et al. [13]; Block, Marek, Ben-Porath and Ohnmeiss [24]) has found that
elevated scores on the demoralization scale, RCd, are strongly correlated with poorer results at
six months post spine surgery, including less improvement in pain and in self-reported physical
disability, lower return to work rates, greater use of opioid medication, poorer satisfaction with
surgical outcome, and worse overall outcome. Further, specific components of demoralization assessed
by the MMPI-2-RF, including scales measuring Helplessness/Hopelessness, Self-Doubt and Inefficacy
(a belief that one is incapable of making decisions and coping with difficulties), are significantly
associated with poorer satisfaction and reduced results of both spine surgery (Block, Ben-Porath,
Marek and Ohnmeiss [24]) and poorer results of spinal cord stimulation (Block, Marek, Ben-Porath
and Kukal [12]). Further, scale RCd, is the only MMPI-2-RF scale associated with poor results in all the
outcome areas assessed. For spinal cord stimulator candidates [12] T-scores of 60 (1 standard deviation
above the mean) or greater on scale RCd significantly increased the relative risk ratio (RRR) for poor
results on all measures utilized, including functional ability as assessed by the Oswestry Disability
Index (RRR = 1.42), reported pain level (RRR = 1.47) and patient rating of dissatisfaction with outcome
(RRR = 1.86). Unpublished data [25] by our group indicate similarly increased RRRs for poor outcome
in spine surgery candidates.

Elevated scores on scale RCd have also been found to be associated with poorer conservative
treatment outcomes in chronic low back pain. Tarescavage, Scheman and Ben-Porath [26] examining
the effectiveness of an interdisciplinary treatment program for chronic low back pain, found significant
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correlations between scores on scale RCd with emotional distress and pain-related disability at the
completion of the program.

A substantial literature exists on demoralization, especially in the context of other chronic
medical conditions. Most of these studies use instruments other than the MMPI-2-RF, including
the Diagnostic Criteria for Psychosomatic Research (DCPR: Fava et al. [27]) or the Demoralization Scale
(DS: Kissane et al. [28]). A recent systematic review (Robinson et al. [29]) found that for individuals with
a wide range of chronic illness and disease 13%–33% experience demoralization (depending on the
measure utilized to assess this condition), and that demoralization is associated with poorly controlled
physical symptoms, including fatigue, mobility constraints, breathing problems, constipation, memory
and concentration problems. Further, for the medically ill patients studied there was also a strong
negative association between activity level and demoralization.

Demoralization is distinct from depression, although both may include strong experience of
negative emotions. Individuals who are depressed, in addition to displaying vegetative symptoms
such as sleep disturbance, psychomotor retardation and lethargy, exhibit anhedonia, i.e., inability to
experience pleasure (de Figueiredo [30]). Demoralized individuals, on the other hand, can experience
positive emotion, but are plagued by feelings of helplessness, loss of hope and meaninglessness
(Sansone and Sansone [31]). Several studies have documented the divergence of demoralization
and depression. Grandi, Sirri, Tossani and Fava [32] examining cardiac transplant patients, found
that 71% of patients who were determined to be demoralized according to the DCPR did not fit the
criteria for major depression. Similarly, Jacobsen et al. [33] found among patients with advanced
cancer that, of those diagnosed with major depressive disorder, only 28.6% met the DCPR criteria
for demoralization. While it is clear that spine surgery results are diminished in patients reporting
high levels of depression (Chaichana et al. [17]; Adogwa et al. [34]), which is often assessed using
the Zung depression inventory (Zung [35]), demoralization is a distinctive emotional state, and one
which appears to exert particularly adverse effects on medical conditions in general, and spine surgery
in particular.

3. Patient Activation

The feelings of ineffectiveness, helplessness and the sense of giving up that comprise the core
of demoralization stand in sharp contrast to the behaviors and general health orientation that are
associated with positive health outcomes. In order to achieve and maintain good health, individuals
must be able take control over diet and exercise and seek out health information. Individuals also need
to recognize when illness occurs, and be able to communicate with health care providers. They need to
work with their physicians on plans to overcome or mitigate illness, and have the fortitude to follow
through on these plans. Such an effective health orientation is captured by the Patient Activation
Measure (PAM: Hibbard, Stockard, Mahoney and Tissler [36]).

The PAM is a 20-item questionnaire designed to assess the extent to which individuals are
“engaged and active” in their own health care. The domains evaluated by the PAM include: (1).
Belief that taking an active role in health is important; (2). Having the confidence and knowledge to
take action; (3). Taking health-related action; (4). Staying the course under stress. In the original studies,
PAM scores correlated significantly with the use of a glucose journal in diabetes, with following a low
fat diet in patients with high cholesterol, with routinely exercising for patients with arthritis, and for
seeking out information from health care providers. Further studies have found the PAM correlates
significantly with both health outcomes and health care utilization. For example, in diabetics PAM
scores predicted testing for, and control of Hemoglobin A1c, and testing for low-density lipoprotein
cholesterol, among others (Remmers, Hibbard, Mosen, Wagenfield, Hoye and Jones [37]). In an analysis
of over 33,000 patients in a large health care delivery system in Minnesota, patients with the lowest
scores on PAM (poorest patient activation as determined by their scores being in the lowest quartile)
had much higher average health care costs than patients who displayed the highest levels of patient
activation, a finding which held true not only for population as a whole, but for specific groups
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of patients, including those with hyperlipidemia, hypertension, and asthma (Hibbard, Green and
Overton [38]).

Two previous studies have examined the role of patient activation in spine surgery patients.
Skolasky, Mackenzie, Wegener and Riley [39] examined 65 patients who underwent surgery
for degenerative lumbar stenosis, assessing the relationship of PAM scores to participation in
post-operative physical therapy (PT). They found that PAM scores correlated strongly with both
the number of PT sessions attended, and with patient “engagement” in PT, as assessed by the physical
therapist using a standardized treatment engagement metric. Skolasky, Mackenzie, Wegener and
Riley [40] went on to examine the relationship of patient activation to functional recovery in spine
surgery patients. In this study, patients in the highest level (upper quartile) of PAM scores showed
greater reduction in reported pain levels at post-op follow up than did patients with lower levels
of patient activation, despite the fact that the patients with highest PAM levels reported less pain
at baseline. Patients in the upper quartile of PAM scores also showed the greatest improvement
in functional ability, as assessed by the Oswestry disability index (Fairbank [41]), and the greatest
improvements in overall physical health as assessed by the SF-12 v 2 (Hurst, Duta and Kind [42]).
The authors conclude that including interventions to improve patient activation, such as empowerment
strategies, self-management strategies and education sessions, may lead to improvements in the
outcome of spine surgery.

We have been examining the relationship of the PAM to the outcome of spine surgery. Thus far,
we (Block, et al. Unpublished data [25]) have given the PAM, as well as the MMPI-2-RF to a group
of patients prior to surgery (both spine surgery and spinal cord stimulator implantation), finding
significant correlations of the PAM with improvements in functional ability as assessed by changes in
scores on the Oswestry disability index (r2 = 0.33, p < 0.01 ), reduction of negative affect as assessed
by change scores on Likert-type emotion ratings (r2 = 0.26, p < 0.05), and with patient satisfaction
(r2 = 0.28, p < 0.05) at an average of about 5 months post-op.

4. Psychological “Maximizing” Factors

Results with the PAM point to a very significant and long-neglected area in presurgical
psychological screening of spine surgery candidates, viz, the assessment of patient characteristics that
may militate towards improved outcomes. Certainly, my own research (see Block [10]) as well as that of
others (Voorhies et al. [16]; denBoer et al. [43]), which has been focused on assessment of psychological
“risk” factors, continues to demonstrate how specific psychological characteristics can undo even the
most effective surgical intervention. We (Block, Marek, Ben-Porath and Ohnmeiss [24]) have found that,
in addition to demoralization, several other characteristics assessed by the MMPI-2-RF are strongly
correlated with reduced spine surgery results, including somatic sensitivity and malaise (Scales RC1
and MLS), low positive emotion (scale RC7), family problems (FML), social avoidance (SAV), and the
PSY-5 scale negative emotionality/neuroticism (NEGE-r). However, the complexity of human nature is
such that individuals may have strengths—traits, behaviors and emotional states–that can counteract
more negative characteristics. Patient activation may be one such “maximizing factor”—one that
could potentially reduce the adverse impact on some psychosocial risk factors, such as demoralization,
on spine surgery results.

Other potential “maximizing factors” warrant exploration. Consider, for example, a patient who
has a high level of family problems (elevated score on the MMPI-2-RF scale FML). Such a patient
may simultaneously have a strong social support system outside the family, or even be satisfied with
the level of support received by family members, despite the problems that exist within the family.
Social support has been found to be an important predictor of improved health outcomes. For example,
Mutran, Reitez, Mossey and Fernandez [44], examining recovery from hip surgery, found that patients
with low levels of perceived support achieved less improvement in walking ability at 2 months post-op
than did patients with higher level of support. In the case of spine surgery, Schade et al. [45] found that
social support from the spouse was significantly related to greater pain relief in patients undergoing
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lumbar discectomy. Further, higher levels of perceived support have been found to be associated with
less catastrophizing in patients who have longer pain durations (Cano [46]). Thus, it appears that the
perception of satisfactory social support may be a factor that is associated with improved surgical
outcome, and one which may mitigate some psychosocial risk factors, including catastrophizing and
elevated levels of family problems.

A third potential characteristic that may help to maximize spine surgery results revolves around
expectations for the outcome of spine surgery. Spine surgery has three major goals: reduce pain;
improve functional ability; and correct the underlying physical pathology responsible for the pain
and functional deficits. The extent to which these three goals are achieved, however, varies widely.
Some patients coming to surgery expect total pain relief and a complete return to pre-morbid
activity levels, while others may consent to surgery even though their expectation is that minimal
improvements will occur. So, it is reasonable to consider whether patient expectations bear a
relationship to surgical results. Although the results are not completely consistent, several studies show
that greater expectations of improvement assessed pre-operatively are associated with more sanguine
surgical results. For example, Yee et al. [47] examining spinal fusion patients, found that higher
preoperative expectations were associated with greater improvement on the SF-36 physical domain
score. Similarly, Soroceanu, Ching, Abdu and McGuire [48]) found higher outcome expectations to
be associated with greater functional improvement (but not greater satisfaction) in a mixed group of
patients undergoing lumbar and cervical spine surgery. Gepstein et al. [49] examining elderly patients
who went decompression surgery for lumbar spinal stenosis found that positive outcome expectations
were associated with greater outcome satisfaction. However, it is clear that having excessively
optimistic expectations may work against surgical results and satisfaction. Patients whose high
surgical expectations are not met report very low satisfaction with surgery outcome (Toyone et al. [50]).
Thus, it appears that surgical success is more likely to be achieved when patients have expectations of
significant, but not complete, pain relief and substantial, but not completely unrestricted, improvement
in functional ability.

Patient activation, social support and positive outcome expectations are but three of a host
of psychosocial factors that might potentially be associated with improved spine surgery results.
Some other factors that have been found to correlate with improved outcome of treatment for pain,
and may militate towards better spine surgery response include:

-- Positive pain coping strategies, such as optimism (Goodin and Bulls [51]; Bargiel-Matusicwicz
and Kryzyskowska [52]), acceptance and mindfulness (McCracken and Vowels [53]);

-- Resilience (Sturgeon and Zaruta [54]; Ramirez-Maestre, et al. [55]) and Hardiness (Maddi [56]);
-- Spirituality and forgiveness (Rippentropp et al. [57]).

It would be of great value to explore these and other positive factors that may contribute to better
spine surgery results.

5. Conclusions

A number of psychosocial risk factors for reduced spine surgery outcome are by now well
established. Depression, somatic sensitivity, demoralization, substance abuse, vocational issues such
as workers’ compensation and litigation—all these are shown to have strong empirically-derived
correlations with diminished results. However, the focus of PPS upon psychosocial risk factors has
ignored much of the complexity of each case and provided limited insight into factors that may
improve surgical outcomes. Research on patient activation, social support and surgical outcome
expectations point to the importance of examining psychosocial “maximizing factors”—those patient
characteristics that may mitigate the adverse impact of established risk factors, and may propel
the patient towards good surgical response. In order to provide a full and effective picture of each
patient’s capacity for achieving reduction in pain and improvement in functional ability, the field of
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presurgical psychological screening must begin to focus as much on the patient’s strengths as upon his
or her vulnerabilities.
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Abstract: Beginning in the late 1990s, a movement began within the pain management field focused
upon the underutilization of opioids, thought to be a potentially safe and effective class of pain
medication. Concern for addiction and misuse were present at the start of this shift within pain
medicine, and an emphasis was placed on developing reliable and valid methods and measures of
identifying those at risk for opioid misuse. Since that time, the evidence for the safety and effectiveness
of chronic opioid therapy (COT) has not been established. Rather, the harmful, dose-dependent
deleterious effects have become clearer, including addiction, increased risk of injuries, respiratory
depression, opioid induced hyperalgesia, and death. Still, many individuals on low doses of opioids
for long periods of time appear to have good pain control and retain social and occupational
functioning. Therefore, we propose that the question, “Who is at risk of opioid misuse?” should
evolve to, “Who may benefit from COT?” in light of the current evidence.

Keywords: chronic pain; chronic low back pain; opioids; chronic opioid therapy;
biopsychosocial approach

1. Introduction

Beginning at the turn of the millennium, questions arose about the under-utilization of opioid
pain medication to treat individuals suffering from chronic noncancer pain (CNCP) [1]. Terms such as
“opiophobia” became used more widely and referenced a potentially irrational fear that providers had
with regard to utilizing this class of medication [2]. With the support of pharmaceutical companies,
many pain management physicians invested time and energy to educate the public and their peers
that opioids could be used safely and effectively for CNCP, including chronic low back pain (CLBP) [1].
One focus that developed out of this movement was to identify those who were at risk for opioid misuse
as well as to develop interventions for those who may have succumbed to addiction [3]. Measures such
as the Pain Medication Questionnaire (PMQ) [4] and The Screener and Opioid Assessment for Patients
with Pain (SOAPP) [5] were developed, as well as guidelines for urine drug testing, to identify those
who were at risk of misusing their opioids or to determine who was engaging in aberrant, and
potentially harmful, opioid use.

Since that time, the evidence for the efficacy of chronic opioid therapy has not grown in a
substantial, or even discernible, manner [6,7]. Rather, evidence accumulated regarding the potential
harmful effects of opioids, including substance use disorders, endocrinopathy, opioid-induced
hyperalgesia, and death [7]. In fact, in a recent review of the use of chronic opioid therapy (COT)
for chronic pain by Chou, Turner et al. [7] concluded, “Evidence is insufficient to determine the
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effectiveness of long-term opioid therapy for improving chronic pain and function. Evidence supports
a dose-dependent risk for serious harms.” (p. 276).

Despite these findings, opioids continue to be used for CNCP [8]. However, limited research has
been conducted on those individuals who remain on low doses of opioids (e.g., 10–20 mg morphine
equivalent) with adequate pain control and functioning. Therefore, we propose that the question
should evolve from, “Who is at risk for opioid misuse?” to, “Who may benefit from COT?” given the
current evidence for this intervention.

2. Chronic Pain

2.1. The Scope of the Problem

The International Association for the Study of Pain (IASP) [9] defines pain as “an unpleasant
sensory and emotional experience associated with actual or potential tissue damage” and chronic
pain as “pain persisting beyond the normal expected time of healing,” which is typically considered
pain that lasts for three to six months or more [10]. According to the Institute of Medicine (IOM) [11],
approximately 100 million adults are afflicted by chronic pain in the United States. Gatchel, Peng, and
colleagues [12] estimated that chronic pain accounts for more than 80% of physician visits. Furthermore,
chronic low back pain (CLBP) is the most common chronic pain condition [11].

Pain is a costly condition, not only in terms of healthcare expenditures to treat chronic
pain patients, but in terms of lost productivity and compensation for disability as well [13].
Furthermore, chronic pain is frequently associated with significant comorbid psychiatric conditions
and emotional suffering [12]. It is difficult to measure the economic impact of chronic pain in the United
States, as most studies focus on individual pain disorders rather than providing composite estimates
across a broader range of common pain conditions [14]. Nonetheless, Gaskin and Richard [15] used
the Medical Expenditure Panel Survey (MEPS) [16] to estimate the portion of U.S. health care costs
attributable to pain, as well as the incremental annual costs associated with lower worker productivity
as a result of pain. Their findings indicate that the annual costs of treating pain in the United States
were greater than the costs of treating heart disease, cancer, and diabetes combined [15]. Gaskin and
Richard [15] found that the total costs of treating pain annually fell somewhere between $560 and $635
billion in 2010 dollars, with additional health care costs due to pain ranging from $261 to $300 billion.
They estimate the value of lost worker productivity due to pain ranged from $299 to $335 billion [15].

2.2. The Biopsychosocial Model

Given the high costs associated with treating chronic pain, it is not surprising that a significant
amount of research has been conducted to better understand the causes and thus develop more
effective methods to treat patients with pain. The biopsychosocial model is a theoretical approach that
attempts to address health and illness based on a combination of biological, psychological, and social
variables [17]. Underlying this model is the principal that all health-related issues, including pain,
arise from a multifaceted interaction among these three factors. Research has demonstrated that it is
not always possible to find a purely physiological cause in many cases of chronic pain; in particular,
providers often struggle when reports of pain do not appear commensurate with identifiable physical
pathology [18]. Prior to the development of the biopsychosocial model, physicians and researchers
relied predominantly on a biomedical approach, which ascribes the etiology of disease, including pain,
to biologic factors [17]. It was widely accepted among practitioners that the scope of the traditional
biomedical model was too narrow to adequately address the complex processes that contribute to the
condition of chronic pain [17]. A history of psycholosocial research has demonstrated the importance
of emotional, behavioral, and cognitive factors that contribute to the perpetuation, and possibly the
development, of chronic pain [19]. The authors propose that the biopsychosocial model represents the
best current approach, one that is broader and better suited to address the multifaceted nature of pain,
toward understanding and addressing chronic pain as an illness. The development of interdisciplinary
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pain management programs is largely attributable to the adoption by physicians of the biopsychosocial
model to treat pain.

The evidence for the effectiveness of interdisciplinary pain management programs is substantial.
For instance, Mayer, Gatchel et al. [20] conducted a two-year prospective study comparing participants
of an interdisciplinary functional restoration group to a standard treatment group. At two years, 87%
of participants in the treatment group had returned to work compared to 41% of the control group.
Furthermore, individuals in the treatment group had twice as many surgeries and significantly more
health care visits. Similar results on the effectiveness of interdisciplinary treatment have been found in
the U.S. and abroad [21–25]. In an investigation of the efficacy of multidisciplinary pain centers (MPCs),
Turk and Okifuji [26] concluded that, not only does the MPC approach yield better results for patients
in terms of the reduction in pain, emotional distress, and the use of analgesic medication as compared
to alternative medical and surgical treatment options, MPCs can also save billions of dollars in health
care expenditures. From an intervention perspective, the biopsychosocial approach emphasizes the
importance of treating the initiating and maintaining biological and psychosocial factors of chronic
pain. From an assessment perspective, the biopsychosocial approach emphasizes the understanding
of the biological, emotional, social, and cultural contributors to pain and defines success, broadly, as
adequate functioning in these areas. Therefore, the authors propose that the biopsychosocial model
represents the best theoretical framework for determining who benefits from COT.

3. Opioids to Treat Chronic Pain

According to the Centers for Disease Control and Prevention (CDC) [27], “In 2012, health care
providers wrote 259 million prescriptions for opioid pain medication, enough for every adult in
the United States to have a bottle of pills” (p. 1). Currently, evidence exists for pain relief from
opioid therapy for short periods of time (approximately 16 weeks) [27]. For instance, Furlan,
Sandoval et al. [28] evaluated 41 randomized control trials that investigated the effectiveness of opioids
for a variety of pain conditions over a 5- to 16-week period and found that opioids outperformed
placebos with regard to pain and functioning for individuals with neuropathic pain and fibromyalgia.
Kalso, Edwards et al. [29] found similar results for the short-term use of opioids for musculoskeletal
pain and neuropathic pain. More recently, Sander-Kiesling [30] followed 379 participants for one
year in an open-label study after the conclusion of a randomized control trial and reported continued
effectiveness of the combination of prolonged release oxycodone and naloxone.

With regard to the development of addiction, Noble, Treadwell et al. [31] reviewed 26 studies,
which consisted of a single randomized controlled trial and 25 long-term, uncontrolled trials.
The authors noted that only 0.27% of the participants demonstrated evidence of addiction. Although
the evidence was rated as “weak,” individuals who tolerated opioids showed clinically significant
pain relief [31]. In a comprehensive review of the literature, only 3.27% of individuals with chronic
pain were reported as developing abuse or addiction after exposures to COT, and approximately 12%
of the studies reviewed found aberrant drug related behavior with regard to prescribed opioids [32].
However, limited research has been conducted to examine which individuals are likely to benefit from
COT with more attention being given to who is at risk for addiction or pain medication misuse.

Opioid prescription use has grown more controversial among physicians, elected officials, and
the public in light of potentially harmful effects, primarily including physical dependence and
psychological addiction [1]. Furthermore, there has been a rise in recent years in opioid abuse,
between 1999 and 2012, the CDC estimates there was a 300% increase in overdose deaths related to
opioids [8]. The CDC estimates that for every death in 2010 resulting from opioid overdose, there were:
733 nonmedical users of opioids, 108 people with abuse/dependence on opioids, 26 emergency room
visits related to opioid misuse or abuse and 10 opioid abuse treatment admissions [8].

In addition to the risk of abuse, other common side effects of opioid use include sedation, dizziness,
nausea, vomiting, constipation, physical dependence, tolerance, and respiratory depression [33].
Factors that have been shown to put patients at a higher risk for opioid abuse include being under
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65 years of age, having a previous history of opioid abuse, people taking high daily doses of opioids,
low socioeconomic status and those living in rural areas, Medicaid populations, patients with a history
of depression, anxiety, posttraumatic stress disorder or childhood sexual abuse, and those taking
psychotropic medications, other central nervous system depressants, or illicit drugs [8,34].

Beyond addiction, COT has been associated with unintentional overdose, fractures, myocardial
infraction, endocrinological changes, and motor vehicle accidents [7]. For instance, a cohort study of
9940 individuals receiving COT for CNCP identified 51 opioid overdoses and six deaths [35]. Risk of
overdose increased by prescribed dose, with individuals on greater than 100 mg morphine equivalent
having a 1.8% annual overdose rate. Increased risk of fractures was found to be greater for individuals
prescribed opioids [36], and individuals prescribed 20 mg morphine equivalent or greater were at
higher risk of motor vehicle accidents [37]. Despite these findings, the question remains as to who may
benefit from COT.

3.1. Does Anyone Benefit from Chronic Opioid Therapy?

Although research citing the risks associated with COT is abundant, there is also a consensus that
opioids may be a beneficial aspect of treatment for some individuals with chronic pain [6]. Studies have
indicated that patients with specific types of pain, including osteoarthritis pain, diabetic neuropathy
pain, and low back pain, may benefit from controlled COT [38]. Several factors have been identified
as contributing to the success of long-term opioid use for this select group of chronic pain patients,
including appropriate informed consent and development of an individualized opioid management
plan, proper initiation and titration of medication, careful monitoring throughout treatment including
dose escalations, and management of breakthrough pain [6,39]. Indeed, the American Pain Society
has issued clinical guidelines to assist physicians in prescribing chronic opioid therapy for CNCP [6].
Although the guidelines are useful once a physician has decided upon opioid use as an appropriate
treatment method, limited evidence exists to pre-identify which particular chronic pain patients may
benefit from COT.

3.2. The Case for Inclusive Screening Measures

As a result of the increasing prevalence of opioid abuse and related complications and deaths,
a number of measures have been developed to assist providers in identifying those chronic pain
patients at a higher risk for opioid abuse or misuse. Such measures include the Screening Instrument
for Substance Abuse Potential [40], the Prescription Abuse Checklist [41], the Prescription Drug Use
Questionnaire [42], the Pain Assessment and Documentation Tool [43], and the Pain Medication
Questionnaire [4]. The Screener and Opioid Assessment for Patients with Pain (SOAPP) and its revised
version, the SOAPP-R, were developed to assess suitability of COT for patients with chronic pain based
on the similar goal of identifying and excluding those patients most at risk for substance abuse [5].
Although all of these instruments may be effective to varying degrees at identifying which patients
have a higher likelihood of abusing opioids, they all may be viewed as exclusion measures such that
they are meant to identify those patients who should be excluded from opioid treatment. One of the
inherent limitations of these measures is that, while they identify (with varying degrees of accuracy)
those patients that should be excluded from opioid therapy, the implicit conclusion is that any patients
not at risk for abuse are equally suitable candidates for this form of treatment. The authors argue, based
on the review of the literature and clinical observations by those in the pain management field, that
individuals who benefit physically, emotionally, and socially from COT can be identified. Furthermore,
we propose that identification of these individuals goes beyond excluding those who are at risk for
opioid misuse. We propose that an ideal candidate for COT would present with no evidence of
aberrant opioid use, maintain good social and occupational functioning, experience manageable levels
of pain, and engage in adaptive emotional regulation. Exclusion screening measures, while useful,
are insufficient to differentiate among chronic pain patients. Currently, there does not exist an inclusion
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measure, or cohesive set of predictive factors, meant to identify patients who would likely benefit
from COT.

Operationalizing what is considered a positive outcome for any intervention for chronic pain
is complicated. Pain is not only a sensory experience, but also impacts physical, emotional, and
social functioning. The Initiative on Methods, Measurement and Pain Assessment in Clinical Trials
(IMMPACT) has attempted to address this issue. Six core domains were identified: (a) pain;
(b) physical functioning; (c) emotional functioning; (d) self-report ratings of improvement and
satisfaction; (e) symptoms and adverse events; and (f) participant disposition [44]. The first five
domains appear to be directly applicable to the determining success of COT. Although the extent of
improvements needed in each domain is beyond the scope of this article, IMMPACT recommendations
recommend improvements of at least 30% in pain and improvements, or return to normative levels,
in physical and emotional functioning [45]. In general, individuals with chronic pain on opioids for
long-term use would ideally have lower levels of pain as well as intact physical, emotional, social,
and occupational functioning.

3.3. Developing Inclusion Measures: The Biopsychosocial Approach as a Foundation

As the biopsychosocial approach is considered to be an effective model for the treatment
of chronic pain [12], it represents the most comprehensive foundation from which to design
screening tools [12]. The goal of such a measure would be to obtain, from multiple sources
(i.e., patients, laboratory tests, etc.), the biological, psychological, and social factors that we hypothesize
might contribute to successful long-term opioid therapy. We define “successful” long-term opioid
therapy to include the following: a reduction in perceived pain level and associated physical symptoms
(biological); improved, or maintained, social or occupational functioning (social); and active coping
and adaptive emotional regulation (psychological).

4. Potential Inclusion Factors

Although one factor may not capture those who may benefit, a combination of factors may be
useful. Furthermore, inclusion screening tools are not suggested to be used in place of exclusion
tools, but rather as a complement. Another potential shift may need to occur with regard to the
development of inclusion screening tools, namely, a shift from more “state”-like factors to those that
are more “trait”-like in nature. State-like factors by definition are transitory and heavily influenced
by changes in the environment, such as a shift in affect after a positive experience. Trait-like factors,
although modifiable, remain relatively more stable over time, such as a tendency to work diligently
in many areas of one’s life [46]. Early in the development of exclusion screening tools, an emphasis
was placed on current and past substance use, current and past depressive and anxiety symptoms,
and legal history, along with other state and trait factors [3,4]. States and traits were often conflated in
these measures. Problems arose, as depression and anxiety are often natural consequences of pain,
even in individuals without a previous history of these difficulties [47,48]. For an inclusion measure,
an emphasis on trait-like characteristics may help to ameliorate the concern for fluctuating mental and
emotional states.

Below is an initial attempt to describe some of the potential factors for future research into who
may benefit from COT.

4.1. Biological

Unlike the measures designed to detect opioid misuse, biological factors may outweigh
psychosocial factors in determining who may benefit from opioids. For instance, identifying those
individuals who are at low risk of opioid abuse or who develop tolerance more slowly may best be
determined under the biological heading of the biopsychosocial approach.
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4.1.1. Pain Condition

Previous evidence suggests that individuals who have failed non-opioid interventions and
experience moderate to severe pain may be appropriate for long-term opioid use [6,29,30,49].
Individuals with arthritic, musculoskeletal, and neuropathic chronic pain, with limited psychosocial
overlay, and in the absence of established opioid misuse risk factors, may constitute a minimal
threshold that could be combined with remaining factors to determine who may benefit from COT [6].

4.1.2. Genetic Factors

With the advent of more sophisticated and cost-effective techniques for genetic testing, the
potential for identifying those who may benefit from COT has increased. Evidence from twin and
adoption research points to a heritable vulnerability for opioid dependence [50]. For instance, Tsuang,
Bar et al. [51] concluded that genetic factors accounted for 34% of the variance of drug use with a
moderate contribution (43%) to opioid dependence.

Evidence for the role of genetic polymorphisms is still in the early, but expanding, stages of
investigation. Several potential polymorphisms have been identified that are related to opioids,
including A118G, DRD2, DRD4, OPRM1, OPRD1, OPRK1, and BDNF, to name only a few [51,52]. For
example, the single nucleotide polymorphism (SNP) A118G, associated with the μ opioid receptor,
appears to decrease the effectiveness of morphine [52]; genes related to the cytochrome P450 (CYP450)
system of the liver, CYP2D6 polymorphisms, impact metabolization of codeine [53]; and the SNP
UGT2B7, associated with UDP-glucuronosyltransferases, has been found to correlate with morphine
metabolization [54].

Along with the study of genetic polymorphisms, genome-wide linkage studies provide another
opportunity to examine the genetics of opioid use. Gelernter, Panhuysen et al. [54] evaluated
393 related individuals with a minimum of one family member who met criteria for opioid dependence.
The investigators concluded that the evidence “strongly supports a risk locus for a trait defined by
symptoms related to heavy opioid use on chromosome 17” (p. 764).

4.2. Psychological

Potential psychological and social factors that could be examined have been explored in other
populations and serve as protective factors against the impact of stress on physical, emotional, and
social functioning. The authors do not propose that these factors would improve the efficacy of COT,
but rather would decrease the chances of engaging in maladapative coping, such as aberrant drug
behavior, avoidance of social activity, and a limiting of self-care activities (e.g., exercise). As COT has
the potential to negatively impact mood and cognition [55,56], identifying and studying protective
factors against such outcomes is warranted.

4.2.1. Resiliency

Resiliency has been defined as a “dynamic process encompassing positive adaptation within the
context of significant adversity” [57] (p. 543), and it represents an ideal candidate factor for who may
benefit from COT. The research on resiliency spans over 40 years, and the validity of this construct
serving as a protective factor in the face of stress or adversity is well established [58]. For example,
resiliency was found to relate to lower pain and lower negative affect over time among individuals
with chronic pain [59]. Although more research is needed, resiliency within the context of chronic pain
may be one factor to be considered regarding whom may benefit from COT.

4.2.2. Personality

The Big Five personality traits offer another area of potential variables that point to who
may benefit from COT. The Big Five traits have a strong evidence basis with regard to the
validity of the constructs and continued predictive value of individuals’ behavior over time [46].
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For instance, higher levels of neuroticism have been associated with higher levels of pain and
lower levels of functioning [60]. Furthermore, higher scores on extraversion [61], openness [62],
and conscientiousness [63] have been found to be related to more active coping among individuals
with chronic pain. With the exception of neuroticism, which could be seen as an exclusion factor,
extraversion, openness, and conscientiousness represent potential inclusion factors.

4.3. Social

4.3.1. Social Support

The concept of social support is a widely recognized mediating factor with regard to stress [64]
and represents another potential inclusive factor regarding who may benefit from COT. An intact
social support system, as well as an ability to make use of that support system, decreases the negative
impact of stress, both physically and emotionally [65]. In a study with 78 rheumatoid arthritis patients
who were followed for five years, the authors concluded that low levels of social support impacted
disability and pain levels over the course of a five-year period [66]. However, social support should be
considered one factor, and it is quite possible that individuals with limited social support could benefit
from COT.

4.3.2. Employment

The nature and context of employment may also play a role in the determination of who benefits
from COT. Employment serves as a stabilizing force with regard to identity and socioeconomic
stress [67]. Although much has been written about the negative impact of the loss of one’s job or
the potentially damaging effects of the workers’ compensation or disability systems [67], a relevant
construct in this area relates to “secondary loss” [68]. Specifically, this concept refers to the types of
losses that occur when employment is lost or significantly diminished. Furthermore, research provides
evidence for the health benefits of employment [69], and this broad area provides several potential
inclusion factors concerning who may benefit from COT, including job satisfaction and stability of
employment. As with social support, this area requires further research and individuals who are
unemployed after a work-related injury may benefit from COT.

5. Directions for Future Research and Conclusions

This review article has attempted to present an alternative perspective on the question of opioid
misuse risk with the goal of spurring additional research into who may benefit from COT. We propose
that focusing on opioid misuse risk may inadvertently lead to the assumption that individuals who
are not at high risk of misusing opioids would therefore benefit from COT. Identifying those at
risk and those who benefit can be seen as complementary areas of inquiry. Additional research is
needed to: (a) operationalize what constitutes a positive outcome for individuals on COT; (b) identify
and evaluate those who have been maintained on low doses of opioids with good pain control and
functioning; and (c) prospectively evaluate potential biological, psychological, and social factors that
may predict who benefits from COT. Although qualitative research is often disparaged by those
engaged in quantitative research efforts, the importance of qualitative research cannot be understated
in a nascent area of study with regard to generating a hypothesis for future quantitative evaluation.
We argue that this line of investigation would benefit from both qualitative and quantitative research
endeavors in the future.
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Abstract: Chronic musculoskeletal pain, such as low back pain, often appears in the presence of
psychiatric comorbidities (e.g., depression, posttraumatic stress disorder (PTSD)), especially among
U.S. military service members serving in the post-9/11 combat era. Although there has been much
speculation about how to best address pain/trauma psychiatric symptom comorbidities, there are
little available data to guide practice. The present study sought to examine how pre-treatment
depression and PTSD influence outcomes in a functional restoration pain management program
using secondary analysis of data from the Department of Defense-funded Functional and Orthopedic
Rehabilitation Treatment (FORT) trial. Twenty-eight FORT completers were analyzed using a general
linear model exploring how well depression and PTSD symptoms predict post-treatment pain
(Visual Analog Scale (VAS) pain rating), disability (Oswestry Disability Index; Million Visual Analog
Scale), and functional capacity (Floor-to-Waist and Waist-to-Eye Level progressive isoinertial lifting
evaluation scores) in a sample of active duty military members with chronic musculoskeletal pain
and comorbid depression or PTSD symptoms. Analysis revealed that pre-treatment depression and
PTSD symptoms did not significantly predict rehabilitation outcomes from program completers.
Implications of these findings for future research on trauma-related pain comorbidities are discussed.

Keywords: chronic musculoskeletal pain; low back pain; psychiatric comorbidities; PTSD; depression;
military service members

1. Introduction

The comorbidity between chronic musculoskeletal pain conditions (such as low back pain) and
psychiatric conditions (like depression and posttraumatic stress disorder (PTSD)) has been well
documented in the extant research literature; this is especially salient in studies of U.S. military service
members who are at increased risk of developing both musculoskeletal pain and psychiatric trauma
symptoms during post-9/11 military service [1,2]. Studies of United States military service members
have found rates of depression disorders ranging from 10% to 46% [3,4], and PTSD from 2% to 60% [4].
Psychiatric disorder prevalence has been found to be similar between both active duty and reserve
military components [5]. Service members with a chronic musculoskeletal pain condition are likely
to develop more than one psychiatric comorbidity, and there is good reason to believe that military
members with either PTSD or depression develop a vulnerability to the other condition. For example,
a 2007 study of military veterans found that 36% of veterans with depression also screened positive for
PTSD [6]. This comorbidity may be due to the overlapping symptoms found in both depression and
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PTSD. Comorbid depression and PTSD can result in significantly increased risk of suicide in service
members with traumatic injuries [7].

Posttraumatic stress disorder and depression are particularly common among individuals with
chronic pain conditions. Patients have been found to develop depression secondary to chronic
pain [8]. One study of Australian military members found that service members with musculoskeletal
pain disorders were at increased risk of mental health-related quality of life (including diagnoses of
depression and PTSD) problems [9]. Conversely, individuals with either depression or PTSD are more
likely to report severe problems with pain and lower quality-of-life than those without psychiatric
conditions [10]. Both PTSD and depression can affect pain in myriad ways. In a randomized controlled
trial of 250 veterans, it was found that depression and PTSD had significant independent influence over
quality-of-life, psychosocial well-being, and disability in veterans with chronic pain [11]. Some suggest
that the comorbidity of PTSD and chronic pain may actually be mediated by depression and facets of
anxiety [12] and through feelings of sadness and fear [13], although others suggest that the pain-PTSD
comorbidity is mediated through avoidance [14].

Individual treatments for military PTSD, depression, and chronic musculoskeletal pain are
well-documented (cf [15]), but there are still fundamental questions about how to best address
comorbid pain and psychiatric trauma symptoms. Numerous theories of these comorbidities have
been postulated [16], but there is not much evidence to support any of them based on the extant
research. Thus, there is little guidance on the best treatment approaches to comorbid trauma pain,
and most studies of pain and psychiatric comorbidity emphasize a need for integrated pain and
psychosocial intervention to address the complexity of the problem [14,16]. Some small, randomized
studies have found promising pain-related outcomes from integrated cognitive and behavioral therapy
programs designed to actively address both chronic pain and PTSD [17,18], but there is still not enough
evidence to fully support an integrated approach. More information is needed about how PTSD
and depression affect functional outcomes in programs designed to specifically address chronic pain
(with little to no emphasis on psychiatric comorbidity). Unfortunately, few clinical trials have been
developed specifically to meet this purpose, and extant guidance describing the integration between
interventions for chronic pain and psychiatric comorbidities are limited “recommendations” without
much justification or description for how these services could or should be integrated [16].

The present study is a preliminary attempt to explore the contribution of psychiatric comorbidities
to functional pain management outcomes, accomplished through a secondary analysis of the data
from the Functional and Orthopedic Rehabilitation Treatment (FORT) pain management program,
a randomized clinical trial of military pain management funded by the Department of Defense [19].
The FORT trial was designed to assess the efficacy of a functional restoration pain management program
for military service members with chronic pain, but was not designed or powered to specifically assess
how psychiatric comorbidities impacted treatment outcomes. However, FORT participants presented
with a range of psychiatric comorbidities that were measured as part of the trial and may shed
preliminary light on the question of pain and psychiatric comorbidity. In the FORT study, participants
were either randomized to treatment-as-usual (TAU) or the FORT program. FORT participants
completed a three-week functional restoration based program. Functional restoration programs
focus on improving physical functioning through physical reconditioning, psychosocial interventions,
and coping skills training. FORT included an interdisciplinary team approach to pain management
that included a group-based psychosocial intervention for pain management and coping skills
training and a group-based physical therapy program for reconditioning. Over the course of the
three weeks, participants attended 12 psychosocial/coping skills group sessions and 12 physical
therapy reconditioning group sessions. Treatment-as-usual participants continued to receive military
standard of care through their Military Treatment Facility. Participants included U.S. active duty service
members with service-related chronic orthopedic pain from all military branches. Basic demographics
and outcomes from the FORT study can be found in Gatchel et al. [19]. In preparation for the present
secondary analysis, the study team considered the inclusion of both FORT and TAU participant data.
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The TAU participants demonstrated little significant change in functional outcomes or psychiatric
variables from pre- to post-treatment (or in longer-term follow-up; [19]), but the FORT participants
demonstrated significant variability. Because the primary aim of this secondary analysis was to assess
systematic change in pain outcomes possibly attributable to pre-treatment psychiatric comorbidity,
the study team chose to isolate this preliminary analysis to the participants showing the most change in
their outcome data: the FORT participants (all of whom completed the FORT program and are hereafter
referred to as FORT completers). Furthermore, because the FORT study was not specifically designed
to assess the primary aim of this secondary analysis, the study team chose to limit the preliminary
analysis to the pre-treatment to post-treatment interval, forgoing analysis of longer-term outcomes that
are more likely to be confounded by unforeseen or unassessed variables influencing the contribution
of psychiatric comorbidity to long-term outcomes. FORT completer data were analyzed to address the
following hypotheses:

H1: Pre-treatment pain severity (based on visual analog pain ratings) and disability (based on
functional capacity evaluation and self-report measure of disability) will be significantly related to
pre-treatment depression and PTSD symptoms.

H2: Pre-treatment PTSD will have a significant effect on pre- to post-treatment pain and disability
outcomes among FORT completers.

H3: Pre-treatment depression will have a significant effect on pre- to post-treatment pain and
disability outcomes among FORT completers.

H4: Depression, but not PTSD symptoms will significantly predict post-treatment pain and
disability outcomes among FORT completers.

2. Materials and Methods

2.1. Subjects

This study included a total of 50 active duty military participants spread across all four branches of
the military, with a sub-analysis of 28 FORT completers who reported depression and PTSD symptoms
at pre-treatment. Details on the FORT intervention can be found in Gatchel et al. [19]. FORT completers
were assessed for numerous pain-related psychosocial and physical outcomes. Self-report measures
and a functional capacity evaluation were completed at pre-treatment, post-treatment, and 12-month
follow-up (although only pre- and post-treatment data are used in the present analysis). Once enrolled,
study participants were assigned to one of two treatment groups randomly using a dynamic urn
randomization strategy that balanced the groups on age, gender, race/ethnicity, injury site, and time
since pain onset. One treatment group received Functional Restoration (FR, n = 28) and the other group
received treatment-as-usual (TAU, n = 22). Review Gatchel et al. for a more in-depth discussion of
patient demographics [19].

2.2. Measures

Demographic data, including sex, age, branch of service, race/ethnicity, and duration of pain,
were collected. Psychosocial and pain measures selected for this study are commonly used psychosocial
assessments with strong validity and reliability. The following measures were administered:

Oswestry Disability Inventory (ODI). The ODI is a 10-item self-report questionnaire that measures
the degree of experienced functional impairment due to low back pain an individual is experiencing
the day of administration [20]. This measure is considered the gold standard for measuring low back
pain related disability, with higher scores indicating greater functional impairment.

Million Visual Analog Scale (MVAS). This measure is a 15-item visual analog measure of pain
intensity and disability related to low back pain [21]. The MVAS measures current functioning.
This instrument produces a total functional disability score ranging from 0 to 150, with higher scores
indicating greater pain intensity and disability. The MVAS assesses body functions, daily activities,
and social life.
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Beck Depression Inventory (BDI-II). The BDI-II is a widely used self-report inventory used
to measure depression symptom severity. The BDI-II consists of 21 items assessing symptoms of
depression over a two-week period [22].

PTSD CheckList-Military (PCL-M). Since this paper is based on a secondary analysis of the
FORT study, the PCL-M was administered rather than the updated PCL-5. The PCL is a 17-question
checklist in which participants are asked to endorse symptoms of PTSD commensurate with those
listed in the DSM-IV on a Likert-scale, ranging from 1 to 5. The PCL-M has been supported in the
literature as a solid PTSD screening instrument, with good correlation of the overall PCL score to the
Clinician-Administered PTSD Scale (CAPS) [23].

36-Item Short Form Health Survey Summary (SF-36). The SF-36 is a 36-item self-report
questionnaire measuring 8 dimensions (physical functioning, role limitations due to physical
problems, pain, general health perceptions, social functioning, vitality, role limits due to emotional
health, and mental health) over a four-week period that contribute to 2 summary scales—the
Physical Component and Mental Component Summary Scales [24]. It is a measure of health-related
quality-of-life, with higher scores indicating greater functioning.

Visual Analog Scale (VAS). The VAS is a nonverbal self-report assessment of pain severity on a
10-cm line [25]. Each end of the line is anchored by an extreme (i.e., no pain or worst imaginable pain).
Participants are asked to report how much pain they are experiencing at the time of administration.
Higher scores on the line indicate greater pain severity.

Physical Measures. A modified version of the California Functional Capacity Protocol [26] was
used to evaluate human performance, including functional strength using a progressive isoinertial
lifting evaluation [27]. This protocol was administered by a physical therapist using standardized tasks.
Lifting measures included a weighted box lift from Floor to Waist (FW) and Waist to Eye-Level (WEL).

2.3. Procedures

The FORT study obtained IRB approval from the University of Texas at Arlington and Wilford Hall
Medical Center located on Lackland Air Force Base. All applicable ethical standards were followed
in accordance with the 1964 Helsinki declaration. The FORT program was a Department of Defense
(DoD)-funded study that included an intensive three-week interdisciplinary chronic pain management
intervention based on a functional restoration pain model (described above). The intervention included
group-based physical therapy, and cognitive-behavioral group therapy focused on increasing overall
functioning. Once consent was obtained, participants were randomly assigned to one of two conditions.
The treatment conditions consisted of FR treatment or TAU. Study participants were assessed
for physical and psychosocial variables associated with chronic pain experience at pretreatment,
post-treatment, and one-year follow-up, although only the pre- and post-treatment assessments for
FORT completers who reported pre-treatment depression and PTSD symptoms were used in the
present analysis.

2.4. Data Analysis

The contribution of psychiatric conditions (depression and PTSD) to post-treatment pain and
disability were assessed using general linear models (GLM). To prepare for GLM, pain, disability and
psychiatric data were scrutinized for normality to ensure that underlying assumptions of GLM were
met. Assessment of linear relationship between the criterion (pain VAS, ODI, MVAS, Lifting) and
predictor (depression, PTSD) variables was assessed using a zero-order Pearson product-moment
correlation matrix. Relevant demographic variables (gender, age, service branch) were analyzed using
ANOVA and correlation (based on data structure) to detect systematic differences in criterion variables
that would require inclusion of these variables in GLM as covariates. Pre-treatment scores for the
criterion variables were included in all GLM models as covariates.
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3. Results

The sample included 28 successful completers of the FORT pain management program who also
reported pre-treatment depression and PTSD symptoms. FORT completers were 57% male, and all of
the completers were serving in either the United States Air Force (USAF; 82%) or the United States
Army (USA; 18%). Approximately 80% of the FORT completers presented with spinal pain as their
primary complaint, with low back pain representing the majority of spinal pain cases. Over half of the
sample self-identified as Caucasian, non-Hispanic. The average age of the sample was 36 years old,
with an average time in pain of 61 months. There were no significant differences on any demographic
or pain outcome variables between the 28 FORT completers and TAU participants, although FORT
completers did report significantly lower depression symptoms at pre-treatment than TAU participants
(see Table 1).

Table 1. Comparison of pre-treatment demographic, pain and psychiatric variables between Functional
and Orthopedic Rehabilitation Treatment (FORT) completers and non-completers (who were given
treatment as usual).

Variable Assessment
FORT Completers

N = 28
TAU N = 22 p-Value

Demographics

Age (yrs) 36.3 35.8 0.780
Time in Pain (mos) 61.5 64.1 0.879
Sex (% male) 57 43 0.890
Service Branch (% USAF) 82 55 0.064
Race (% Caucasian, non-Hispanic) 64 64 0.587

Pain Characteristics

Self-Report Disability (Mean (SD))
MVAS 74.1 (25.3) 78.0 (20.8) 0.586
ODI 17.2 (8.9) 18.7 (6.1) 0.488

Functional Capacity (Mean (SD))
Floor-to-Waist Lift (lbs) 49.3 (36.5) 46.7 (20.8) 0.779
Waist-to-Eye Lift (lbs) 42.4 (15.9) 36.0 (14.3) 0.144

Health-Related Quality of Life
(Mean (SD))

SF-36 Physical 34.4 (10.4) 35.8 (6.9) 0.555
SF-36 Mental 51.0 (8.7) 50.7 (8.8) 0.887

Pain Intensity (Mean (SD))
VAS 5.6 (3.6) 4.8 (4.8) 0.498

Psychiatric Symptoms

Depression (Mean (SD))
BDI-2 9.5 (6.9) 14.9 (10.2) 0.034

PTSD (Mean (SD))
PCL-M 27.9 (8.3) 31.9 (11.6) 0.164

As shown in Table 2, FORT completers demonstrated a significant correlation between PTSD
symptom scores, and both self-report disability and a measure of functional capacity at pre-treatment.
Self-report disability was positively correlated with PTSD on the ODI and MVAS measures, accounting
for 11% to 28% of the variance in these measures. PTSD symptoms were negatively correlated with
waist-to-eye level lifting, but did not demonstrate a significant relationship with floor-to-waist lifting.
Depression scores demonstrated a similar pattern. Pre-treatment BDI scores were significantly and
positively related to pre-treatment ODI and MVAS scores, accounting for 8% to 26% of the variance
based on the coefficient of determination. Once again, depression symptoms were negatively correlated
with pre-treatment waist-to-eye level lifting, but were not significantly related to floor-to-waist level
lifting. Neither psychiatric symptom was significantly correlated with pain intensity rating.
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Table 2. Correlation of Posttraumatic stress disorder CheckList-Military (PCL-M) and Beck Depression
Inventory (BDI) scores to self-report measures of disability (Oswestry Disability Inventory (ODI),
Million Visual Analog Scale (MVAS)) and lifting scores (Floor-to-Waist (FW), Waist-to-Eye Level (WEL))
among FORT completers.

r (On-Tailed)
p-Value

ODI MVAS FW WEL VAS

PCL-M 0.527
<0.001

0.326
0.011

´0.083
0.284

´0.324
0.011

0.226
0.057

BDI 0.513
<0.001

0.278
0.025

´0.058
0.345

´0.323
0.011

´0.048
0.371

PTSD and depression scores were entered into a general linear model (GLM) to examine the
extent to which pre-treatment psychiatric symptom scores predict pain management outcomes
(including self-report disability, functional capacity, and pain severity). One-way ANOVA and Pearson
product-moment correlation were used to identify potential covariates for entry into the GLM. There
was a significant difference between the sexes on floor-to-waist and waist-to-eye level lifting at
post-treatment (with males lifting more than females), and a significant difference between the military
services on ODI score (with US Army members reporting more disability than Air Force personnel).
Sex was entered as a covariate in analysis of functional capacity variables, and service branch was
entered as a covariate in analysis of ODI scores. As shown in Table 3, there were no significant effects
of depression and PTSD symptoms on any of the criterion variables after controlling for pre-treatment
scores and identified covariates, although psychiatric symptoms reached near-significance on a
few criteria. PTSD symptoms (as measured by the PCL-M) had a near-significant association with
post-treatment MVAS self-report disability scores after controlling for pre-treatment MVAS scores
(p = 0.058) and depression symptoms, and PTSD symptoms had a near-significant association with
post-treatment waist-to-eye level lifting (p = 0.077) after controlling for pre-treatment lifting capacity
and gender.

Table 3. General linear model (GLM) of PTSD predicting post-treatment self-report disability
(controlling for pre-treatment disability scores).

Predictor Assessment F-Test p-Value

Pre-Treatment BDI

ODI 1.375 0.264
MVAS 0.056 0.814

FW 0.810 0.452
WEL 1.310 0.281
VAS 1.210 0.277

Pre-Treatment PCL-M

ODI 1.943 0.137
MVAS 3.770 0.058

FW 0.326 0.724
WEL 2.732 0.077
VAS 0.186 0.669

Because neither psychiatric symptom variable was able to significantly predict posttreatment pain
outcomes on its own, analyses of Hypothesis 4 (evaluating an interaction between the two symptoms)
were not conducted.

4. Discussion

The present study is the first to explore the effect of common comorbid psychiatric symptoms
on post-treatment outcomes for chronic musculoskeletal active duty pain patients who completed
a functional restoration program. As expected, this secondary analysis revealed that pre-treatment
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scores of pain severity and disability were found to be related to pre-treatment depression and
PTSD symptoms. This echoes numerous extant findings emphasizing the significant relationship
between chronic pain symptoms and psychiatric comorbidities. Surprisingly, despite of the significant
pre-treatment correlations between depression and PTSD symptoms with pain-related objective
and subjective disability measures, neither had a significant influence on post-treatment functional
outcomes in this military cohort. Although there have been numerous recommendations for integrating
pain management and psychosocial management of comorbid pain and depression/PTSD to effectively
address the comorbidity, the present findings suggest that it may be possible to effectively address
comorbid chronic pain without specifically attending to the psychiatric symptoms (at least for those
with subsyndromal psychiatric symptoms). One potential explanation for the present finding is that
the FORT program led to a reduction in psychiatric symptoms, lessening their effect on post-treatment
functional outcomes. This hypothesis makes sense in light of the significant correlations between
depression/PTSD symptoms and functional/disability measures at pre-treatment, as well as evidence
from previously published findings from this cohort showing a significant improvement in psychiatric
symptoms from pre- to post-treatment among treatment completers [19]. It is also possible, however,
that effectively reducing pain-related disability and functional capacity improved depression and
PTSD symptoms based on links between these symptoms and chronic pain that are mediated by
disability and functional incapacity. Indeed, depression and PTSD have been shown in prior studies to
have a strong influence on disability and functioning that lead to a more intense pain experience [28],
although other studies have shown that pain outcomes can improve even when psychiatric symptoms
do not. For example, a study of 142 non-severe head-injured trauma patients found that those
who completed a multidimensional pain management program reported no improvement in their
psychiatric symptoms, but did report significant pain relief at post-treatment [29]. This aligns with
other evidence in the extant literature showing that the presence of chronic pain does little to predict
treatment outcomes in psychosocial interventions targeting PTSD [30]. Clearly, more work is needed
to explore the relationship between these conditions.

There were several limitations of this research study. First, the present re-analysis examined a
small small sub-sample (n = 28) of FORT data over a brief time (3 weeks). This was done to focus the
analysis on a more variable data sub-sample most likely to illuminate the influence of pre-treatment
psychiatric symptoms on functional rehabilitation outcomes, but the narrow sample likely diminished
statistical power and obscured some significant findings (although some near-significant relationships
were still uncovered). A large majority of the sample was Air Force (77%); therefore, results may not be
generalizable to the other services. It would be beneficial in the future to have a broader representation
of the services included in the FORT program. This study was conducted prior to military members
returning from Operation Enduring Freedom (OEF) and Operation Iraqi Freedom (OIF), so reported
psychiatric comorbidities for the present sample were likely milder than those of more recent veterans.
However, the preliminary data generated by this research offers a good foundation for future research
because musculoskeletal injuries increase among military service members and veterans due to injuries
related to OEF/OIF. In fact, 47% of OEF/OIF returning deployers are reporting chronic pain [5], and
chronic pain is likely to continue to grow even as rates of PTSD and traumatic brain injury stabilize in
the U.S. military and Veterans Affairs [31]. Further research in functional restoration is needed with
returning deployers based on increased musculoskeletal pain disorders in the military.

5. Conclusions

This study raises continued questions regarding the best treatment for complex chronic
musculoskeletal pain in military and veteran populations, and gives some rise to questions about the
need for integrated psychiatric and pain management interventions to adequately address complex
polymorbid pain. Although this preliminary re-analysis did not definitively answer the research
question, it did offer an early finding supporting the potential of functional improvements alone as
adequate for good pain management is this complex population. Despite multiple calls for integrated
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treatment programs (which can be expensive and difficult to implement due to the specialty resources
required [32]), it is possible that the emphasis of future study and research should be on finding
effective pain management interventions for this complex population, ignoring interventions that are
effective for the amelioration of comorbid psychiatric symptoms. Future studies should also explore
the long-term socioeconomic and quality-of-life implications of improved function and disability
outcomes in complex comorbid pain patients. If improvements in function and disability lead to
decreased healthcare utilization and increased quality-of-life in military comorbid pain patients (as
has already been demonstrated in some preliminary studies [33–35]), then better pain management
strategies should certainly receive greater attention.
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