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1 Pain 

1.1 Definition 

In accordance with the International Association for the Study of Pain (IASP) pain is 

defined as “an unpleasant sensory and emotional experience associated with actual 

or potential tissue damage or described in terms of such damage” (Merskey, 1986). 

In the course of the identification and localization of tissue damaging processes, 

pain has an essential warning function (Anwar, 2016). It includes an increased 

arousal, the prioritization of attention to the possible source of pain and avoidance 

(Vlaeyen et al., 2016) what in consequence forms the foundation for healing pro-

cesses by preventing tissue micro traumatization. By evaluating the time course, the 

localization and the quality of pain perception it is possible to link distinctive diseases 

to characteristic pain signatures, assuming that the tissue damage goes along with 

a characteristic nociceptive signaling and will disappear with finalization of the re-

covery process (Elman & Borsook, 2016). But for many patients, approximately 20 

- 31%, pain persists beyond the regular recovery process period and will in the end 

forfeit the physiological nociceptive function (Steingrímsdóttir et al., 2017). 

1.2 Acute pain mechanisms 

Regular pathways of acute pain mechanisms include the activation of nociceptors 

and signal transduction via the afferent neurons which are converging at the spinal 

chord´s root ganglion with their prolongations in afferent spinal and brainstem path-

ways (Elman & Borsook, 2016). The nociceptive process, which results from a nox-

ious stimulus, can be divided into four stages from transduction over transmission 

to perception and modulation (Mertens et al., 2015). While the first two phases in-

clude the conversion of stimuli into action potentials and the transmission of these 

potentials to the spinal cord, the perceptional part describes the integration of these 

signals into cortical levels of the brain. Defined as the sensory-discriminative sys-

tem, the thalamus receives the nociceptive signal via the spinothalamic tract where 

third order neurons transmit the signal to the somatosensory cortex for further gen-

erating the sensory aspects of pain, the location and intensity (Dickenson, 2016). 

The central modulation of pain is demonstrated in patients with similar nature of 

injuries but different sensory experience of pain. The descending pain modulatory 
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network can diminish pain through endogenous mechanisms that inhibit or enhance 

nociceptive traffic  (Maier et al., 2017). These descending pain modulating pathways 

have their origin in the brainstem and are based on serotonergic and noradrenergic 

neurotransmission and can be triggered by psychological interventions (Yarnitsky, 

2015). 

1.3 Chronic pain mechanisms 

According to the biopsychosocial model of health (Engel, 1979), biophysical, psy-

chological and societal factors play a contributing role in pain perception. For chronic 

pain patients, pain does not necessarily seem to be a direct consequence of these 

biophysical and structural processes. Some authors assume, that even an acute 

preparatory stage is secondary in the development of chronic pain states and that 

chronification processes are highly individual and influenced by psychological fac-

tors, societal and work-related environments (Hartvigsen et al., 2018). 

There is accumulating evidence that pain in chronic pain patients is not predomi-

nantly driven by peripheral nociceptive signaling  but rather pain perception as a 

result of neuroplastic changes in pain -perception and -modulation associated areas 

of the central nervous system by associative learning processes (Alleva et al., 2016; 

Hartvigsen et al., 2018). 

1.3.1 Learning pain 

These central neuronal restructuring can not only be observed in areas, commonly 

described to be involved in pain processing, but also in the hippocampal or frontal 

brain areas (Baliki et al., 2011) which are associated with enhancement of motor 

sequence performance (Albouy et al., 2015). Activation of these neuronal pathways 

occurs context specific (Sawangjit et al., 2018). This is interesting because inher-

ently, pain is an unconditioned stimulus. By the simultaneous occurrence of a bodily 

sensation with pain perception (e.g. forward bending and an acute episode of back 

pain), this sensation allegedly predicts the development and maintenance of pain 

(Peuter et al., 2011). As a consequence of persistent pain, novel memory or learning 

processes are linked to the maintenance or recall of pain states (Mansour et al., 

2014). Peuter et al. (2011) state, that there is a preferred conditioning for stimuli 

within the same body areas or physiological system explaining the development of, 



Pain  

9 

so-called specific pain identities, of chronic pain patients, resulting in avoidance be-

havior (Crombez et al., 2012). Within a process of operant conditioning avoidance 

behavior will manifest itself by limiting physical activity as a result of fear (Crombez 

et al., 2012).  

1.3.2 From somatosensory to limbic associated pain 

Spontaneous fluctuations of pain, as well as a pain-avoidance-motivated behavior, 

fear of movement, fear of pain, predictability of pain relief, anxiety, depression, 

catastrophizing and somatizing are accompanied by changes in activation of fore-

brain structures (Wiech, 2016). These observations are characterizing the transition 

from a “somatosensory dimension of pain” to a “limbic dimension” of pain in chronic 

pain states. Alterations of central pain processing by neuroplastic changes can lead 

to enhanced pain perception or non-painful peripheral stimuli by cortico-limbic learn-

ing mechanisms (Vachon-Presseau et al., 2016). Chronic pain states can be seen 

as a complex of sensory and emotional experiences that will lead to a modified be-

havior by rendering the sensory stimulus to become more emotional (Hartvigsen et 

al., 2018). 

Avoidance motivated behavior, specifically prefrontal and limbic circuitry, is associ-

ated with a diminished descending modulatory pathway (Geva et al., 2014). As a 

consequence this can affect the excitability of primary afferent nerve fibers and spi-

nal cord neurons (Mansour et al., 2014). Further a maladaptive avoidance behavior 

could lead to subsequent musculoskeletal disorders and a new source for nocicep-

tive stimuli (Klinger et al., 2017) 

In conclusion, persistent pain can be attributed to psychological factors. Further-

more coping with persistent pain is accompanied by cognitive control, negative emo-

tions and emotional memory processing (Alleva et al., 2016; Steingrímsdóttir et al., 

2017; Treede et al., 2019). Thus the maintenance of pain perception, as well as 

avoidance motivated behavior, can be related to associative learning and emotional 

learning procedures organized by the mesolimbic network (Vachon-Presseau et al., 

2016). This interplay indicates the requirement for a paradigm shift from the mere 

biomedical point of view to constitute chronic pain as a mechanism, that results in 

response to perceived individual threats from multiple domains.  
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2 Chronic low back pain 

2.1 Definition of low back pain 

Low back pain is defined as pain in the area on the posterior aspect of the body 

from the lower margin of the twelfth ribs to the lower gluteal folds with or without 

pain referred into one or both lower limbs that lasts for at least one day (Hurwitz et 

al., 2018). It is experienced by more than 80% of the population during their lifespan, 

at any age (Vos et al., 2016). Although there is an existing substantial heterogeneity 

among the classification of low back pain the most established three categories re-

garding the development in the course of time are: acute, subacute and chronic low 

back pain (Vos et al., 2012). Acute lower back pain is defined as low back pain 

lasting for less than six weeks. Subacute lower back pain lasts between six weeks 

and three months. If the period of three months is exceeded, lower back pain is no 

longer defined as a symptom, but a disorder (Vlaeyen et al., 2018). Within 68% of 

all epidemiological studies Chronic lower back pain (CLBP) is defined as lower back 

pain persisting for longer than 12 weeks, pain beyond the regular course of healing 

or pain that intermittently affects an individual over a long period of time (Steingrí-

msdóttir et al., 2017). 

2.2 Prevalence of lower back pain 

Lower back pain (LBP) remains to be one of the most crucial clinical challenges and 

is seen as the number one cause of disability worldwide (Hartvigsen et al., 2018; 

Vos et al., 2016). 

With a multifactorial etiology, the occurrence of LBP can be affected by a number of 

biophysical, psychological and social dimensions which are accompanied by im-

paired functional capabilities and social participation (Hartvigsen et al., 2018). In 

fact, LBP is a multi-dimensional disorder comprised of different conditions that can 

be connected to the anatomical area round the spine (O'Sullivan et al., 2016). 

Hence, it can be considered as a reference to a distressing feeling in an anatomical 

area which is so frequently affected that is has become a paradigm of responses to 

external and internal stimuli (Vachon-Presseau et al., 2016). Between 1990 and 

2016 the Number of Years-lived-with-disability (YLD) increased continuously by 

54% (Hartvigsen et al., 2018), resulting in a total amount of YLD in 2016 of 57648 
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[95% 40820 to 75877 UI (in thousands)] (Vos et al., 2017). LBP constitutes the lead-

ing cause of YLD in every geographical high-income region within central and east-

ern Europe (Hurwitz et al., 2018; Vos et al., 2016). LBP symptoms will improve con-

siderably during the regular course of healing within the first six weeks following the 

initial onset (Buchbinder & Underwood, 2012) and will result in a return to work rate 

of 93.3% within the first six months (Wynne-Jones et al., 2014). 

2.2.1 Costs and work-related factors 

Even if the return to work rate seems high, the percentage of days of incapacity to 

work, related to the ICD-10 diagnosis “back pain” in Germany is at 5,8 %. Subse-

quent to respiratory diseases it is the second most common reason for inability to 

work (Hartvigsen et al., 2018). In 2008 the costs for dorsopathies (ICD 720- 724) 

exceeded a value of nine billion Euros (Statistisches Bundesamt, 2015), of which 

85% were estimated to be caused by a loss of productivity and not directly by the 

medical treatments (Deutscher Bundestag, 2015). Similar observations are made 

for the Netherlands, the United Kingdom and Australia (Vlaeyen et al., 2018) indi-

cating a supra-regional economic issue. 

2.2.2 Causes of LBP 

Without ignoring the fact that most of the structures of the back can contribute to 

pain by damage or inflammation, evidence suggests that for the majority of the peo-

ple affected by LBP, it is not possible to accurately identify a specific nociceptive 

source of symptoms associated with their LBP episode (Hartvigsen et al., 2018). 

Merely <5% have traumatic or osteoporotic fractures, <1% showed an infection or 

inflammatory arthritis and <2% exhibited referred pain resulting from pathological 

visceral conditions (Vlaeyen et al., 2018). This suggests that the majority of pain 

symptoms are inherently nonorganic in LBP patients. Although nociceptive pain can 

serve as a valuable signal of a significantly painful event the interplay between phys-

ical, psychological, social and lifestyle factors, as well as comorbid disorders and 

non-modifiable genetic factors seems to play a major role in the development of 

disabling LBP (Hartvigsen et al., 2018). 

Yet, CLBP patients demonstrate primarily biomedically oriented health beliefs per-

ceiving their spine as vulnerable and their pathology as serious (Darlow et al., 2015). 

Importantly organic pain beliefs are highly related to disability and a decreased 
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physical activity, which in turn are amongst the most valid risk factors in the devel-

opment of persisting pain (Vlaeyen et al., 2018). 

2.2.3 Definitions of CLBP 

The concept of a delayed regular recovery process, indicating a more biomedical 

approach, may be applicable to pain after surgery, while the nociceptive signaling 

regarding to the treatment is indicated, but is very difficult to verify for musculoskel-

etal pain (Treede et al., 2019). Especially for the group of LBP patients it seems not 

applicable given the fact that in most cases the underlying pathophysiology remains 

unknown (Hartvigsen et al., 2018; Vlaeyen et al., 2018). Therefore CLBP cannot be 

seen as a valid indicator for a local tissue pathology or damage (Hartvigsen et al., 

2018; O'Sullivan et al., 2016). 

For this reason and in consideration of the highly subjective nature of pain, the dif-

ferentiation between acute and chronic pain states is based on a pure temporal di-

mension: “Chronic pain is pain, that lasts or recurs for longer than three months" 

(Treede et al., 2015). Additional to the interplay of the different domains of the bi-

opsychosocial model, the presence and interaction of comorbidities and genetic fac-

tors can contribute to the presence of CLBP (Hartvigsen et al., 2018). 

2.2.4 Epidemiological signature 

Reviewing the epidemiological data CLBP is associated with comorbidities, an age 

over 30 years, pregnancy (Steingrímsdóttir et al., 2017) and the presence of psy-

chological factors like stress, anxiety and depression (Alleva et al., 2016). Social 

factors including lower levels of education, a lower household income as well as 

employment status (Steingrímsdóttir et al., 2017) or geographical and cultural back-

ground (Hartvigsen et al., 2018) are associated with the presence of chronic low 

back pain. Further a strong correlation is found to modifiable factors like character-

istics of a so called inferior lifestyle, like obesity (BMI >30kg/m2) or low levels of 

physical activity, smoking status and alcohol consumption (Hartvigsen et al., 2018). 

2.3 Burdens of impaired function and movement in CLBP 

In their activities of daily life (ADL) CLBP patients show a variety of functional im-

pairments like getting dressed, walking stairs, bending and kneeling, heavy house-

work or lifting and carrying of shopping bags (Stamm et al., 2016). Hence most of 
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the therapy approaches should focus on the improvement of the functional status 

(Hartvigsen et al., 2018; Vlaeyen et al., 2018) and quality of life (Sullivan & Ballan-

tyne, 2016). 

2.3.1 Movement behavior 

LBP has a substantial impact on individuals and their movement behavior. Within 

the scope of biophysical factors, alterations in muscle size and composition (fatty 

infiltrations) of the mm. multifidus and the paraspinal muscles are associated with 

LBP (Goubert et al., 2016; Vlaeyen et al., 2018) as well as motor control which dif-

fers from pain free patients which was observed by Ansari and colleagues (2018). 

2.3.1.1 Motor Control 

Investigations into back muscle fatigue demonstrated a difference between CLBP-

patients and healthy controls (da Silva et al., 2015) indicating an adjusted movement 

pattern in pain states. These results are supported by a reduced movement varia-

bility in low back patients (Bauer et al., 2017). The authors assume that movement 

strategies are limited in pain patients since fatigue states are reached more quickly 

in consequence of a less complex movement strategy compared to asymptomatic 

adults. More complex movement strategies could prevent an overload of fatigued 

tissue. Interestingly muscle fatigue is accompanied by the reduction of prefrontal 

oxygenation (Rupp et al., 2008), suggesting a direct connection between prefrontal 

activity and motor output. 

There is existing evidence for a connection between structural findings and an im-

paired ADL-level. Therefore an interaction between Mm. multifidii composition, but 

not muscle size and functional activity levels in older adults with CLBP was observed 

Sions et al. (2017). Supporting these findings, lower levels of physical activity are 

associated with increased risk of fat content in Mm.multifidii and higher disability 

rates (Teichtahl et al., 2015). In addition an adjusted activity pattern of the lumbar 

m. erector spinae is observed in contrast to healthy controls during ADL-activities 

like ‘sit to stand’, ’30-seconds standing’ ‘climbing stairs’ as well as ‘static waist flex-

ion’ (Becker et al., 2018). 

Patients with CLBP also adjust their gait patterns, in contrast to healthy controls. To 

avoid extensive hip and spine movements they show statistically significant altera-

tions in velocity cadence and step length (Barzilay et al., 2016). When asked to 



Chronic low back pain  

14 

perform a faster walk, they showed adjustments in cadence and not in step length, 

which supports the idea of hip and spine movement avoidance. 

2.3.1.2 Range of Motion 

Additionally, there is existing evidence that CLBP patients show a 10% to 15% de-

crease in range of motion (RoM) and 15% to 30% decrease in movement velocity 

(VoM) of the lumbar regions compared to asymptomatic controls (Vaisy et al., 2015). 

The flexion angle deficit could be meaningful in the patients ADL. Hence, patients 

with a flexion deficit, measured by the peak flexion angles showed an adoption of 

movement pattern resulting in altered flexion angles during other functional abilities 

like standing up or stepping up (Christe, Redhead, Jolles-Haeberli, & Favre, 2016). 

When compared to asymptomatic controls, CLBP patients showed, both alterations 

in RoM and a decreased VoM of the lumbar spine (Christe, Redhead, Legrand et 

al., 2016). 

It remains unclear why lingering maladaptive motion behavior is observable in CLBP 

patients, even in absence of nociceptive input. One possible explanation for an al-

tered motor behavior by an impaired motor control is the neuroplastic change, like 

gray matter density of the primary motor cortex areas associated with CLBP, con-

trolling the paravertebral muscles (Baliki et al., 2011) or the prefrontal cortices, 

which are crucial for the monitoring and integration of motor abilities. 

Further an observed shifted sensorimotor-related brain activation to an overactiva-

tion of these brain regions could explain an abnormal pain processing during phys-

ical activity. Authors suggest that a reorganized lumbar spine representation in 

higher-order processing could lead to overgeneralized protective responses (Goos-

sens et al., 2018). 

On the other hand a sensorimotor conflict between motion intention and movement 

(Roussel et al., 2013), highlights the conditioned cognitive dimension of motion al-

terations in CLBP patients. An inconsistent information situation, in form of a mis-

match between intention of motion, the proprioceptive input and a visual resonance 

leads to an increased symptom severity in chronic pain patients  and even induced 

pain symptoms in healthy controls (Nijs et al., 2017). 
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2.3.2 CLBP and movement related fears 

Mediators of pain resulting in physical impairments and disability are still not fully 

understood. Existing evidence indicates that self-efficacy, psychological distress, 

and fear play a pivotal role in this connection for LBP and neck pain patients (Alleva 

et al., 2016). Studies and the clinically practice demonstrate that CLBP patients fear 

that specific movements or increased physical performance produce or exacerbate 

their pain (Darlow et al., 2015). As a result of this cognitive mediated association 

between motor performance and pain, patients avoid potential harmful body posi-

tions or motions. Based on operant learning mechanisms, negative reinforcements 

leads to maintenance of this pain avoidance behavior (Atlas & Wager, 2013; 

Fordyce, 1984). The visualization or imagination of a harmful movement evokes an 

activation of the fear memory center in the brain and leads to pain-development 

without peripheral nociceptive input (Nijs et al., 2017). Interestingly the association 

between avoidance and threat is bidirectional. The avoidance of a specific motion 

(for example forward bending) due to the learned association between a painful 

event and this motion, leads to stigmatizing the motion as dangerous  . 

When aiming to improve the motor behavior in patients with CLBP it remains unclear 

if the instruction about “correct” motion strategies (for example lifting techniques) 

and training of functional activities would lead to a reduced disability or a decreased 

pain intensity. Interestingly back and spine exercise courses as a composite of ex-

ercise and education about back-saving behavior showed no difference or just a 

minimal effect in favor of disability or pain levels (Parreira et al., 2017). 

There seems to be a large heterogeneity observed in expected burdens, which 

could be explained by the interaction between different health care systems and 

individual health requirements (Hurwitz et al., 2018). This and the interaction be-

tween psychological, social and mechanical factors due to ADL movement patterns, 

effects the development and incidence of CLBP (Hartvigsen et al., 2018). 

As mentioned above it remains unclear to what extent the alteration of motion ca-

pabilities is a concrete consequence of structural findings or whether it is a result of 

cognitive-psychological-social factors. It stands to reason that CLBP patients are 

severely restricted in ADL and that these restricted activities are associated with 

impaired motion capabilities. 



Chronic low back pain  

16 

2.3.3 From expectations to motor performance 

Particularly in the context of expectation and conditioning processes, pain related 

expectations can predict functional outcomes in CLBP, like pain-related disabilities, 

especially for work-related activities (Karsdorp et al., 2018). In addition to the fear 

of movement, pain cognition is strongly associated with disability in CLBP patients  

and a reduced physical activity level (Hartvigsen et al., 2018) indicates a direct con-

nection between expectations and an altered motor performance (Dubois et al., 

2014). 

2.4 Therapeutic strategies 

2.4.1 Pharmacotherapie 

In a recently conducted survey only 33% of the 807 patients who suffer from a 

monthly episode of LBP considered medical treatments like medication to be effec-

tive, while 74% considered physical therapy and sport activity to be effective when 

treating LBP (Statista, 2017). However medication still remains the first method of 

choice among 50% of the population aged 30 – 59 and 51% of the population aged 

60 years and older (Statista, 2017). Several systemic medications for LBP are as-

sociated with small to moderate effects on pain. These effects are observable in 

research mostly on the short term (Foster et al., 2018). Reviewing the pharmaco-

logical impact on chronic low back pain conditions according to the guidelines for 

LBP (Stochkendahl et al., 2018) suggested administration of paracetamol, skeletal 

muscle relaxants, selective antiseizure medications and systemic glucocorticoids 

are not recommended due to the insufficient evidence or an uncertain role in the 

therapy process (Foster et al., 2018). Non-steroidal anti-inflammatory drugs 

(NSAIDS) seem to be more effective than a placebo in CLBP in regards to pain 

control (Chou et al., 2017b) and disability, yet the mean difference is only 0.85 (95% 

CI -1.30 to -0.40) on a scale from 0 to 24 (Enthoven et al., 2016). Opioids did not 

alleviate the pain effectively, compared to NSAIDS and showed just a small effect, 

compared to a placebo (Foster et al., 2018). Effects on the functional capabilities of 

patients with chronic low back pain should be focused on any option of the medical 

treatment, so pain medication should be adjunctive to remain active and able to 

work (Foster et al., 2018). To provide pain relief, reduction of depressive symptoms 
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and help with sleep disturbance, physicians prescribe antidepressants to CLBP pa-

tients. There is no convincing evidence that antidepressants relieve back pain more 

effectively than placebo (Chou et al., 2017b). 

A possible explanation of the inadequate effect of medication is delivered by Koob 

and colleagues. Based on a neurobiological model of addiction a close connection 

between reward and stress systems could lead to a decreased function of the psy-

chological reward systems as a result of a repeated drug taking procedure (Koob et 

al., 2014) and a decreased pain relief from analgesic treatments with increased du-

ration of chronic pain (Du Percie Sert & Rice, 2014). As a result of this disfunction 

patients show a reduced experience capacity of motivation and an increased sub-

jective experience of stress and aversion (Borsook et al., 2016). 

For patients reporting high pain intensity in chronic pain conditions psychological 

factors seem to play a more important role in the maintenance of pain (Hartvigsen 

et al., 2018). Therefore, a medical treatment could lead to adverse expectations in 

patients and clinicians, which in turn could reinforce the pain state (Sullivan & Bal-

lantyne, 2016). Interestingly, a direct consequence of the treatments given to CLBP 

patients could be a disrupted dopaminergic signaling caused by long-term usage of 

opioids (Taylor, Castonguay et al., 2016). Assuming the dopaminergic state leads 

to an altered reward responsivity this connection could modify pain related emo-

tional states like depression or anxiety (Elvemo et al., 2015). 

In summary, the pharmacological usage on CLBP patients is accompanied by long 

term adverse and unintended side effects (Foster et al., 2018), while achieving mod-

est improvements on pain related functional abilities which seems not to be clinically 

meaningful (Enthoven et al., 2016). Further, surgical interventions are indicated by 

radiological diagnostics assuming structural findings predicting the development of 

pain and functional impairments. 

2.4.2 Radiological diagnostics 

There are many structures surrounding the spine that could be a potential source of 

low back pain due to their sensory innervation. The intervertebral disc has obtained 

more and more attention as a potential source of pain. Almost 25% of the working 

population between the age of 30 – 59 believe that their back pain results from a 
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herniated disc (Statista, 2017). The gold standard for evaluating a possible relation-

ship between soft tissue and neural structures is the Magnetic Resonance Imaging 

(MRI) (Sasiadek & Bladowska, 2012). Interestingly the amount of surgical treat-

ments, indicated by imaging technique, seems to be a supply-induced demand, re-

garding to the timepoint of the imaging. Hence the difference between carrying out 

an MRI at an earlier stage of pain symptom development versus doing no MRI re-

sults in a different amount of surgical treatment. 22% for people who had an MRI at 

an earlier stage compared to 0,8% of people without MRI in 3264 homogeneous 

LBP cases (Webster & Cifuentes, 2010). 

While the association between disc bulging and LBP seems to be strong for the 

population younger than 30 year of age (Al-Saeed et al., 2012), this relationship 

seems to disappear with advancing age, resulting in a prevalence of disc bulging in 

more than 90% in the whole population (Brinjikji, Luetmer et al., 2015). However it 

remains questionable whether the radiographic classification is anyway coherent 

with symptom severity and the functional outcome of low LBP patients (Hartvigsen 

et al., 2018; Vlaeyen et al., 2018). 

In contrast the prevalence of chronic pain conditions increases from 4,2% (aged 24 

to 39) to 19,6% (aged 20 to 59) reaching an amount of 25,4% (aged >59) (Meucci 

et al., 2015). The situation is similar in regards to disc degeneration in which almost 

30% - 90% of the asymptomatic population shows anomalies (Brinjikji, Luetmer et 

al., 2015). It should be pointed out, that in the age under 50 the rate of anomalies in 

symptomatic patients seems to be higher (>50%) than in asymptomatic patients 

(>30%) (Brinjikji, Diehn et al., 2015). 

Yet, a meta-analysis reveals that annular fissures, high intensity zones (annular disc 

tears), central canal stenosis and spondylolisthesis highlighted no association be-

tween LBP and abnormal findings in the MRI (Brinjikji, Diehn et al., 2015). In addition 

disc degeneration mentioned above, modic type -1 changes, but not modic changes 

as a whole (1-3) (Brinjikji, Diehn et al., 2015) and spondylolysis are associated with 

low back pain (Snyder et al., 2014). 

Scientific findings in asymptomatic patients should not exclude the possibility of a 

structural pain source causing LBP. But even the association of symptom severity 
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and the lumbar degenerative disc disease. But especially findings on disc degener-

ation or modic changes could be an indirect consequence of the sociodemographic 

modalities of LBP patients like low physical activity in leisure time, smoking and high 

BMI rates  which are accompanied by disc degeneration (Hartvigsen et al., 2018). 

The situation is similar if injection therapy and denervation procedures in CLBP pa-

tients (Foster et al., 2018). Reviewing the existing evidence, low to very low-quality 

evidence is available to support the use of these procedures, which does not nec-

essarily represent the quality of the treatment, but the indication regarding CLBP. 

The identification of specific surgical targets in CLBP remains unclear and specula-

tive (Vlaeyen et al., 2018) and evidence suggest that MRI scans and the resulting 

surgical treatment should not be the first line of treatment for CLBP patients (Foster 

et al., 2018). 

2.4.3 Physical Therapy 

In accordance with the guidelines “staying active” is one of the first recommenda-

tions for LBP patients, in order to avoid a persisting back pain development (Foster 

et al., 2018). As a first instance treatment, physical therapy forms one of the most 

important pillars in the management of LBP due to its ability to intervene and reduce 

the severity of pain, mobility deficits and activity limitations through exercise therapy 

or manual therapy treatments (Booth et al., 2017; Chou et al., 2017a; Foster et al., 

2018). 

In 2016 almost 21,1% of the patients that contacted a physiotherapist due to back 

pain and thereby formed the largest group of all physical therapy treatments in 2016 

with 26,1% (Waltersbacher, 2017). It is widely accepted, that LBP patients benefit 

from active treatments to build up improved physical activity levels, while there are 

indications for a u-shaped relationship between physical activity and the presence 

of low back pain indicating that even too much physical activity is accompanied by 

LBP (Booth et al., 2017). 

A modulated pain perception during exercise in LBP-patients can be explained with 

inhibitory systems modulated by the central nervous system, like the release of en-

dogenous opioids (Da Silva Santos & Galdino, 2018) while there are still no con-

verging results about the duration, intensity and modality of exercises leading to an 
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activity induced analgesia which could be a further indication of the u-shaped rela-

tionship between pain and physical activity (Da Silva Santos & Galdino, 2018). In-

terestingly the endogenous inhibition does not differ between LBP patients and 

healthy controls (Roussel et al., 2013), which is why it should be considered as a 

recommendation for the inclusion of exercise in the early stage of therapy. 

For the group of CLBP patients the data indicates significantly reduced pain levels 

and disability, among those who participate in exercise therapy when compared to 

patients who were given no treatment or conservative therapies (Chou et al., 2017a; 

Geneen et al., 2017; van Middelkoop et al., 2010). Interestingly there are conflicting 

results regarding the sort of exercise intervention and there are no clear differences 

between different exercise regimens (Qaseem et al., 2017).  

The clinical representation of the patients seems to be very multilateral in contrast 

to the unilateral diagnosis of CLBP, which would be an explanation for the different 

requirements applicable to the exercise treatment and the different results in clinical 

trials. This could be attributed either to the fact that the clinical representation of 

symptoms is very multifaceted or that psychological and/or neurophysiological fac-

tors are common to all investigated exercise programs that have a mediating effect 

on outcome variables, such as pain severity and function (Booth et al., 2017). 

Unanimity exists in the application of a supervised individualized exercise program 

based on the clinical presentation of the diagnosis and the resulting aims and pref-

erences (Booth et al., 2017). It is widely believed, that improvements in disability 

and pain are initiated by improvements in physical function and performance like 

RoM or muscular strength and/or endurance (Steiger et al., 2012). Hence it appears 

to be impossible to identify one superior exercise modality. However, there are still 

contradictory results of the research focused on CLBP when it comes to addressing 

the relationship of improvements in pain and the physical function and disability dur-

ing an exercise program (Steiger et al., 2012). 

Supporting results are found in the recommendations for the manual therapy man-

agement in form of manipulative and nonthrust mobilization, as well as hands-on 

procedures which should be used to improve hip and spine mobility leading to a 

reduction of pain and disability in patients with CLBP (Hidalgo et al., 2014). Even 
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though there is existing evidence for spinal manipulation compared to sham manip-

ulation for pain, function and overall-health (Hidalgo et al., 2014), the effects are 

small and short term. A clear statistically significant difference in pain or function 

when comparing spinal manipulation and other active treatments is not evident on 

short- or long term (van Middelkoop et al., 2010). Further, only low quality evidence 

exists showcasing a benefit in pain and function for patients, which participated in a 

combination of spinal manipulation and active treatments (Qaseem et al., 2017). 

There is also low level evidence that highlights no effect for massage therapy on 

pain intensity and insufficient evidence that could estimate an effect on function 

(Chou et al., 2017a). 

Reviewing the evidence for non-pharmacological treatments against the back-

ground of physical functioning and pain intensity in CLBP patients several nonphar-

macologic therapies are associated with inconsistently small to moderate, primarily 

short-term effects to reduce the pain and improve the physical functioning (Chou et 

al., 2017a; Geneen et al., 2017). In fact, the effect or outcome of a therapy can 

barely be estimated, when ignoring the responder for the therapy, having considered 

modifiable factors like health beliefs, lifestyle and patient expectations to the treat-

ment. 
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3 The Placebo effect in CLBP 

3.1 The concept of placebo 

Almost any medical treatments can be classified into a specific component (a surgi-

cal treatment or a pharmacological substance) and a non- specific component, 

which is formed by the context, in which the treatment is administered, and by the 

patient’s expectations (Enck et al., 2013). The final therapeutic outcome is a combi-

nation of the non-specific and the specific components. 

The impact that non-specific factors can have was already shown in the early 18th 

century when patients received an inert substance shortly before they died to miti-

gate their symptoms (Raicek et al., 2012). Throughout the course of time and ever 

since Beecher (1955) established the term of a “powerful placebo”, the treatment 

context and the patients expectations resulting from this, gathered attention to max-

imize treatment outcomes. Placebo treatments can have a significant impact on clin-

ical outcomes as well as on the physiological state, which is accompanied by a re-

duction of the patient´s symptoms and an improvement of the patient´s medical 

condition (Benedetti & Amanzio, 2013; Enck et al., 2013). 

3.2 Placebo Effect and Placebo Response 

A placebo, as in inert substance or inert procedure, which is mostly used to disen-

tangle non-specific effects in randomized controlled trials assuming that drug and 

placebo effects are additive. From that point of view, placebo effects are unwanted 

and undirected incidences even if they can have considerable influence (Enck et al., 

2013; Kaptchuk & Miller, 2015). 

In contrast to placebo effects, the response to a placebo, as the outcome that follows 

after the administration can be specific. Mediated via the patient´s cognition, specific 

neurobiological mechanisms can be triggered which can result not only in an 

adapted mode of action of the central nervous system, but also in peripheral, phys-

iological and organic changes (Enck et al., 2013). For example, physiological re-

sponses like increased blood pressure and resting pulse rates are measurable as a 

result of an adapted cognition, via a modified mind set (Crum & Langer, 2007). Yet, 

cardiovascular functions are connected to psychological factors, but there are also 
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indications for immunological, gastrointestinal, endocrine, respiratory functions, and 

even motor functions, that may be linked to placebo responses (Enck et al., 2013). 

3.3 Placebo analgesia 

The mechanisms underlying the placebo response are most robust characterized in 

the placebo analgesia (Enck et al., 2013). The expectation of a treatment benefit 

seems to be pivotal for the modulation of pain perception (Geuter et al., 2017). When 

expecting an opioid, which is known as a powerful drug, the magnitude of a placebo 

response is enhanced, indicating an association between the expected amount of 

pain relief and the actual pain relief (Vase et al., 2015). This suggests that an anal-

gesia changes not only the perceived pain intensity but also reduces anxiety and 

depressive symptoms (Cormier et al., 2016), which are frequent contributors to 

chronic pain levels. 

According to the definition of Ashar et al. (2017), a placebo can be described as a 

feigned medical treatment, or as a device or drug without pertaining potency. In this 

context, it is important to note, that a placebo does not necessarily have to be a pain 

medication. It describes a manipulation or modification of the informational context 

factors round the medical treatment including social and physical cues, verbal sug-

gestions and treatment history (Enck et al., 2013). 

This modification of information by the psychological context around the therapy 

leads to neural and psychological responses based on the appraisal of future well-

being and meaning of the treatment (Ashar et al., 2017; Benedetti & Amanzio, 2013; 

Vase et al., 2015). In contrast to the placebo effect, nocebo effects describe the 

induction of a symptom perceived as negative by an inert treatment and/or by the 

suggestion of negative expectations (Enck et al., 2013). Similarly implicit learning 

mechanisms lead to recruitment of disease-related processes in the body and even 

biological markers like immune and allergic responses can be initiated (Zion & 

Crum, 2018). 

In addition to the expectations of the patient, in regards to a treatment benefit, these 

implicit learning mechanisms form the framework of the placebo analgesia (Bene-

detti & Amanzio, 2013; Enck et al., 2013; Zion & Crum, 2018). 
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Imaging studies suggest, that the effect of the placebo analgesia on a neurophysi-

ological level, seems to involve the descending pain modulatory network, with the 

interacting neural structures of the dorsolateral prefrontal cortex, the anterior cingu-

late cortex the amygdala, the hypothalamus and the periaqueductal grey (Enck et 

al., 2013; Geuter et al., 2017). The functional connectivity of these regions is asso-

ciated with modifications of the endogenous and endocannabinoid system (Geuter 

et al., 2017) and positively correlated to pain relief (Wiech, 2016). Healthy subjects 

demonstrated a linear parallel running dopaminergic and opioid activity in the nu-

cleus accumbens, linked to the size of the placebo response, while nocebo effects 

led to a deactivation of the opioid and dopaminergic release (Scott et al., 2008). On 

the other hand modifications in dopaminergic and opiodergic function have been 

observed in chronic pain conditions (Borsook et al., 2010) indicating the role of a 

suppressed modulatory pain network and associated neuroplastic changes in 

chronic low back pain (Hartvigsen et al., 2018). 

With the aid of PET Imaging Technique, studies demonstrated an association be-

tween placebo effects and the release of dopamine in brain areas that are related 

to reward (Scott et al., 2008). In contrast to this chronic pain conditions lead to a 

decreased dopaminergic state that impairs motivated behavior (Taylor, Becker et 

al., 2016). 

But these observations are not only limited to a psychological revaluation. In con-

trast to catastrophizing and fear as contributors to pain sensations, Cormier et al. 

(2016) showcased that expectations of pain relief are strongly correlated to ex-

pected improvements of motor functions. 

In lieu of specific nociceptive sources for pain but in the presence of pain sensations 

in CLBP-Patients, implicit learning mechanisms like classical conditioning and as-

sociative learning mechanisms must be considered, in regard to a connection be-

tween the psychological revaluation as a possible contributor to the actual health 

status and the involved pain perception. Summarizing the observations connected 

to placebo analgesia, triggering the descending pain inhibitory network by a placebo 

could break the vicious circle of negative revaluation and possible nocebo effects in 

CLBP patients, which leads to a decreased catastrophizing and fear avoidance be-

havior, which is in turn associated with an improvement in motor functions. 
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3.4 The role of expectancy and conditioning in placebo analgesia 

The key factors, that are attributed to placebo effects are expectancies (Bingel et 

al., 2011) and implicit learning mechanisms, like conditioning procedures, observa-

tional learning, as well as the therapeutic relationship and verbal information (Enck 

et al., 2013). Kirsch and colleagues (2018) tried to identify a connection between 

these key factors. In this model, response expectancy mediates the effects of verbal 

information, conditioning, and observational learning and conditioning, which alters 

expectancies (Kirsch et al., 2014). 

While expectancies and implicit learning mechanisms are the major contributor to 

the magnitude of placebo effects, they share similar mechanisms with chronic pain 

states, but in opposite directions. Whereas chronic pain states lead to a decrease 

in activation of the descending inhibitory system (Konno & Sekiguchi, 2018), the 

administration of a placebo leads to an increased activation (Enck et al., 2013; Scott 

et al., 2007) promoted by the endogenous opioid system (Benedetti & Amanzio, 

2013). 

 

Figure 1: Illustration in accordance with Enck et al. (2013); Konno & Sekiguchi (2018)               
and Scott et al. (2007) 
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Aside from the activation of the endogenous opioid system, the release of dopamine 

seems to be another expectancy-related factor, while the release of endogenous 

dopamine is higher in patients with a high magnitudes of placebo effects than those 

who did not benefit from the placebo treatment (Ashar et al., 2017). Interestingly 

exercise training under placebo conditions resulted in greater motor learning abili-

ties in participants with higher dopamine levels compared to those with lower dopa-

mine levels (Seidler & Carson, 2017), indicating a possible placebo-induced motor 

performance in CLBP patients. 

At present it seems possible to replace the concept of “powerful placebo” with spe-

cific biochemical pathways and activities of brain regions associated with placebo 

analgesia (For review see: Benedetti & Amanzio, 2013) 

3.4.1 Placebo Responses in CLBP 

As mentioned above, placebo responses are not only limited to pain intensity, but 

can also affect motor function (Enck et al., 2013). Resulting in a higher release of 

dopamine in the basal ganglia, patients with Parkinson´s disease showed improve-

ment in motor performance after administration of a placebo (La Fuente-Fernández 

et al., 2001). Aside from a reduced pain rating patients required substantially less 

time to complete functional tasks and scored statistically significantly higher in self-

reported functional capacity (Klinger et al., 2017). 

3.4.2 Hidden vs. open administration of placebos 

For a long time, it was assumed that a placebo effect could only be caused by the 

unawareness of receiving an inert substance. This deception leads to an ethical 

issue due to the failure of fulfilling information requirements between practitioner 

and patient, in regards to the background of informed consent and patient´s auton-

omy (Carvalho et al., 2016). 

In the words of the American Medical Association ‘‘the use of a placebo without the 

patient’s knowledge may undermine trust, compromise the patient physician rela-

tionship, and result in medical harm to the patient’’ (American Medical Association, 

2006). A non-deceptive administration of placebos could remove the ethical contra-

diction in clinical practice” (Charlesworth et al., 2017; Kaptchuk et al., 2010). 
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Recently, a growing body of evidence has been revealed, showcasing studies in 

which patients across different medical conditions have benefitted from a placebo 

treatment, even if they received a placebo described as a placebo (Kaptchuk & 

Miller, 2018). In all these studies, patients received a placebo pill described as an 

“inert placebo containing no medication”. Addressing the symptom severity, patients 

demonstrated a placebo effect in statistically significant improved health conditions, 

despite having been informed about the intake of a placebo. 

The manipulation of positive expectations was accompanied by detailed information 

about the placebo effect which participants received before the randomization into 

the treatment and control groups (Carvalho et al., 2016; Schaefer et al., 2018). 

Schaefer and colleagues demonstrated that expectancy could be one of the key 

factors in the open label placebo effect, demonstrating a mental health sum differ-

ence between placebo recipients, whose expectancy was manipulated, and those 

who were not informed about a possible effect of placebos (Schaefer et al., 2018). 

Even if the informed consent was different while concealing the inert pill as pain 

medication or informing about the inactive substance, the pure intake would usually 

be combined with positive suggestions (Schaefer et al., 2018). For our study, results 

from the research by Carvalho et al. (2016) were substantial to form the experi-

mental groundwork. They showed a significantly reduced disability, along with re-

duced pain intensity, in an open label placebo group. However, there is still prevail-

ing uncertainty about an objective increase in motion capabilities. Therefore, we 

replicated the research question and added a motion capturing system to assess a 

possible increase in objective motion capabilities. To date, OLP-effects have only 

been surveyed regarding subjective symptoms (e.g. pain, fatigue, reported disabil-

ity). 
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4 Aims of the study 

4.1 The effect of an open label placebo on pain intensity and self-
reported functional capacity 

The aim of this study was to investigate and replicate the existing evidence that OLP 

in addition to TAU can result in a higher patient-reported functional capacity and a 

decreased patient-reported pain intensity by regularly adding OLP to a treatment as 

usual (OLP+TAU). The treatment as usual (TAU) included the individual routine be-

haviors of the patients, with regards to their personal pain management. By adding 

an OLP in one group (OLP+TAU) and the comparison to TAU alone, we hypothe-

sized to identify if this could benefit patients with CLBP on the basis of classical 

conditioning and associative learning processes according to the results of Carvalho 

et al. (2016). We hypothesized a stronger decrease of pain and self-reported disa-

bility in the TAU + OLP group, as compared to the OLP only group. 

4.2 The effect of an open label placebo on pain intensity and 
objective measurement criteria 

A further aim was to investigate whether regularly adding OLP to TAU leads to a 

difference in Range of Motion (RoM) and Velocity of Motion (VoM) between the OLP 

+ TAU and TAU group, assuming a possible connection between self-reported func-

tional capacity and objective measurement criteria by the EPIONICS Spine motion 

capturing. We hypothesized a strong correlation between pain intensity and objec-

tive measurement criteria.  

4.3 Relationship between objective and subjective measurement 
criteria 

While it is trivial to assume connection between objective measurement criteria and 

self-reported functional capacity, we investigated whether this connection was pre-

sent in the study population by correlating the scores of the EPIONICS spine motion 

capturing system and the scores of the self-reported functional capacity. 

Additionally, as OLP-effects might be very different across individuals (El Brihi et al., 

2019), an explorative analysis was conducted, investigating whether there was a 
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subpopulation which could be identified by subjective data and have a response in 

objective movement parameters. 
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5 Materials and Methods 

 

Figure 2:  Study design – Randomized controlled, single-blind study: subjective Outcomes were 
examined at Baseline, day 11, 21 and day 111. Objective motion capturing was exe-
cuted at Baseline and day 21. Follow up period is characterized by the dashed line. 

5.1 Participants and inclusion criteria 

Patients were registered and included in this study at the Department of Neurology 

of the University Hospital Essen. A total of N=127 patients with CLBP (Pain > 12 

weeks) were recruited by advertisements in regional newspapers and social media 

platforms, regionally offered flyers and through the websites of the department of 

neurology. The sample size estimation is based on a power calculation of similar 

studies (Wrobel, Wiech, Forkmann, Ritter, & Bingel, 2014) and on an collaborating 

working group (Carvalho et al., 2016). All subjects received a contribution to ex-

penses of 20€/hour at the laboratory for participation (i.e. approximately 120€/sub-

ject) independent of allocation into TAU or OLP+TAU group. 

Inclusion criteria comprised the following: an age over 18 years with a confirmed 

diagnosis of CLBP (persistent back pain of the same quality for more than 12 weeks) 

and a voluntarily provided consent to participate in the study. Excluded from study 

population were all subjects with any history of malignancy in the past five years, 

any severe and - regarding the study objectives - highly influential diagnosis due to 

the investigator’s opinion, neurological deficits (e.g. paralysis), or any severe psy-

chological disorder (e.g. major depressive disorder, personality disorder, psycho-

sis). Further all subjects reporting a clinically not significant pain (referred to as a 

rating less than 4 on an 11-point numerical rating scale (0-10; “no pain”, “worst pain”) 
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during the week prior baseline were excluded from study participation. All women 

and men who met the inclusion criteria were included in the study for a period of 

three months. According to the Declaration of Helsinki issued by the World Medical 

Association the study concept has been approved by the ethics committee at the 

faculty of medicine of the university of Duisburg-Essen. 

5.2 Study Design 

The study followed a three-week, randomized design (see Figure 2). Between June 

2017 and March 2018, N=127 patients with CLBP were involved in a three-week 

intervention period with two sessions of measurements each. After oral and written 

information all participants were randomly assigned in two groups (TAU & 

OLP+TAU). 

5.2.1 Randomization and Blinding 

The administration of the study medication occurred single-blind in which the asses-

sors were blinded to the assignment of the patient’s treatment. The randomization 

was carried out through a randomly generated numbered list by one of the examin-

ers (Julian Kleine-Borgmann). The RoM and VoM measurements obtained via the 

Epionics Spine system were carried out by the second examiner (Andreas Hell-

mann), who did not gain an insight into the randomization list and did not know about 

the group membership of each of the patients. Patients were asked not to inform the 

examiners about their study medication or experimental group membership. Acci-

dental unblindings been documented. 

5.2.2 OLP+TAU- Intervention 

All participating patients were informed about the placebo effect within the frame-

work of an OLP intervention and received the following information from studies that 

had been carried out previously (Kaptchuk et al., 2010): “the placebo effect is strong 

and scientifically proven, the human body automatically reacts to a placebo in the 

sense of a classical conditioning (example: Pavlovian dog). A positive basic setting 

is helpful, but not essential, pivotal is a regular intake of the pills, however there are 

no active ingredients in the pill.” This information was given in a standardized way 

by presenting a video. This video consisted of a genuine, audio-translated TV report, 

informing about open label placebo trials and mechanisms. In regard to possible 
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bias and false-positive results due to manipulation of positive expectations, all par-

ticipants were informed at baseline about the “powerful placebo” before randomiza-

tion. Therefore, any group difference can only be explained by the randomized allo-

cation into TAU and TAO+OLP Group. 

The period of placebo intake, additional to their established standard treatment, con-

sisted of 21 days with a dosage of 2 pills per day. Until the follow-up after three 

months, a voluntary intake of the drug was recommended. The subject documented 

the duration and frequency of intake themselves. 

All placebos that were administered were white gelatin capsules filled with silicon 

dioxide, titanium dioxide, microcrystalline cellulose from Zeebo Effect, LLC. 

5.2.3 TAU - Intervention 

The TAU-Group received no open label placebo treatment. To overcome a possible 

disappointment about allocation to the control group, all TAU-participants had the 

opportunity to receive the OLP treatment subsequently to the intervention period 

after 21 days (Visit 2). All outcomes used for statistical analysis have been collected 

on day 0 (Baseline) and day 21 (Test) (see Table 1). 

Table 1: Visit schedule 

Baseline (Day 0) Test (Day 21) Follow-Up (Day 90) 

Informed consent 
(30 min) 

Information about examination 

order 

(30 min) 

 

Screening Inclusion/ 
Exclusion criteria 

Screening Inclusion/ 

Exclusion criteria 

 

Range of motion/ move-
ment velocity - scoring (30 
min) 

Range of motion/ movement ve-

locity – scoring 

(30 min) 

 

Back Performance Scale 
(15 min) 

Back Performance Scale 

(15 min) 

 

Questionnaires 
(30 min 

Questionnaires 

(30 min) 

Questionnaires 

(30 min) 
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5.3 Outcome Variables 

Pain perception is affected by a variety of cognitive factors. To be able to account 

for these factors the following measurements have been performed: 

5.3.1 Pain Intensity 

For the detection of a possible difference in pain experience the intensity of low back 

pain was measured using an 11-point mixed rating scale from a numeric rating scale 

(NRS) and a visual analogue scale (VAS) ranging from 0 to 10. Using a 16 cm scale 

on which scores were in regular distance of 1,6 cm each and numbers from 0 to 10, 

which represent the pain intensity allowed further processing by calculating the arith-

metic means. Higher scores indicated a higher pain intensity (0 = no pain, 10 = worst 

pain possible). The liability and reliability of the VAS has been widely evaluated 

(Karcioglu et al., 2018). On behalf of a differentiated overview of the subjective pain 

intensity, situational pain ratings were used. In total three pain ratings were used. In 

addition to the minimum and maximum pain intensity during the previous week, the 

average pain intensity during the previous week was captured. For further pro-

cessing and analysis, a composite score (VAScomp) for pain was computed by the 

arithmetic mean of all three pain ratings. 

5.3.2 VoM and RoM (Epionics SPINE®) 

The recording of movement data was carried out by the Epionics SPINE system 

(Epionics SPINE®, Epionics GmbH, Hamburg, Germany), consisting of two flexible 

sensors, which are attached to the Spina Iliaca Posterior Superior through attaching 

hollow plasters to the left and right paravertebral of the lumbar spine. The sensors 

run parallel to the vertebral column and, in 12 equally sized segments, detect the 

bends which the sensors experience on the back surface. In addition, acceleration 

sensors measure the orientation in the gravity field of the earth at both ends of the 

sensors. This allows, among others, to distinguish between standing and lying po-

sitions and movements outside the sagittal plane. The parameters are recorded in 

real time: 50 times in a second and then stored in a dedicated unit which is con-

nected to the sensor strips and worn by the patient. The motion characteristics con-

tain parameters for RoM, (outputted in degrees) and VoM (outputted in degrees per 

second) for the following movement directions: flexion, extension, lateroflexion left, 

lateroflexion right, rotation left and rotation right. 
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For the creation of composite motion characteristics, we calculated the mean value 

of the scaled direction and velocity of movement scores. In a standardized proce-

dure, patients were asked to complete six typical movements of the back, each three 

times. The maximum movement speed and the maximum movement angle were 

determined as raw variables for each direction of motion as the mean value of the 

last two repetitions of the measurement. All raw variables were summarized after z-

transformation (standardization by MW and SD) as the arithmetic means to the com-

posite score for RoM and VoM. As a reliability analysis, Cronbach’s alpha was cal-

culated to assess the internal consistency of the calculated composite scores using 

the ltm - package in R Studio (Rizopoulos, 2006). 

 

Figure 3: Motion Test Structure used in Study 

5.3.3 Oswestry Disability Index 

The German version of the Oswestry Disability Index (ODI) (Mannion et al., 2006) 

is one of the standard diagnostic tools used for the detection of everyday functional 

limitations in CLBP. The interaction between the perceived pain intensity and the 

functional capacity of nine different areas of Activities of Daily Living (ADL): personal 

care, lifting, sitting, standing, sleeping, sexual function, social life and traveling, 

forms the basis of this assessment. It is conducted as a standardized questionnaire 

and is considered as an established procedure for the documentation of the subjec-

tively assessed level of activity in situations in which patients may have persistently 

Epionics Spine 

• Objective Motion Capturing 

• Standardized Motion Choreogra-

phy 

• External Rating by Observer 

Back-Performance-Scale 

• Subjective Motion Capturing 

• Standardized functional Move-

ment Tasks 

• External Rating by Observer 

Oswestry-Disability-Questionaire 

• Subjective Movement Behavior 

• Standardized Movement Param-

eter 

• Rating by Patient 

Patient-Specific-Functional-Scale 

• Subjective Movement Behavior 

• Freely selected functional motion 

tasks 

• Rating by Patient 
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severe disabilities (Fairbank & Pynsent, 2000; Mannion et al., 2006; Roland & Fair-

bank, 2000). 

5.3.4 Patient specific functional scale 

In addition to the ODI the patients-specific functional scale (PSFS) was used to 

identify possible functional impairments that are not covered by standardized as-

sessments of functional states, which do not account for individual preferences of 

patients. The PSFS is a patient-oriented specific measuring instrument in which the 

subjects themselves evaluate three individually significant activities. The impairment 

associated with the activity is measured using a numerical rating 11-point scale 

ranging from 0 to 10 where 0 is unable to perform the activity and 10 means the 

patient can perform the activity at preinjury level. Lower scores indicate a higher 

impairment as well as a lower performance capacity of the selected activity. This is 

characterized by a high degree of responsiveness and sensitivity in the case of 

milder restrictions on the subjectively acquired potential for movement in CLBP 

(Heldmann et al., 2015; Horn et al., 2012) 

5.3.5 Health related Quality of life (VR -12) 

The veterans RAND-12 is a self-administered health survey comprised of 12 ques-

tions to gather data on the patient´s health-related quality of life. The 12 questions 

in the questionnaire including general health perceptions; physical functioning; role 

limitations due to physical and emotional problems; physical pain; energy-fatigue, 

social functioning and mental health correspond to eight substantial physical and 

mental health dimensions. The summation of these 12 Items leads to two different 

scores, a physical component score (PCS-VR12) and a mental component score 

(MCS-VR12). This provides an important contrast between the physical and the psy-

chological health status and allows a valid identification of symptom based condi-

tions in CLBP (Selim et al., 2009; Skinner et al., 2005). 

5.3.6 Back-performance scale 

The back-performance scale (BPS) is a 16-point scale ranging from 0 to 15. Each 

BPS category is scored from 0 to 3 over the 4-point ordinal scales according to the 

observed physical performance level. The categories refer to activities of daily life 

and included a sock-test, a pick-up test, a roll-up test, a lift test, and the fingertip-to-
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floor distance. A score of 0 is considered a good performance with no signs of phys-

ical impairment, whereas a score of 3 is considered a substantially limited perfor-

mance. Total score is calculated by the arithmetic mean value of the five different 

components of the test. The higher the score the more impaired is the physical per-

formance. Each test allows a reliable and valid assessment of a specific trunk mo-

bility and the combined movement patterns in different starting positions of LBP pa-

tients (Magnussen et al., 2004) 

5.3.7 Psychological Diagnosis Questionnaire 

In addition to the questionnaires on back pain diagnostics the following additional 

survey for the exploratory investigation of psychological factors were conducted. 

The selection was carried out on the basis of high validity and reliability scores. The 

depression-anxiety-stress-scale - 21 (DASS-21), for the acquisition of anxiety, de-

pression and stress (Antony et al., 1998), the pain catastrophizing scale (PCS) for 

the detection of pain-related catastrophizing (Wheeler et al., 2019) and the screen-

ing for somatoform disorder (SOMS) for the detection of the level of somatization 

(Geue et al., 2016). 

5.4 Statistical analysis 

All statistical evaluations were made using R – Studio (R Core Team, 2018). In all 

cases, the level of significance was set at p ≤0.05. All calculated tests were two 

sided and the data were presented in the results section as Mean ± Standard Devi-

ation (SD). From all 127 entrolled patients (Baseline), 122 completed observations 

(Baseline + Test) were available for analysis of differences. 

To increase signal-to-noise ratio and in consideration of possible marginal violation 

of normality and the different possibilities of motion, in relation to the anatomical 

planes of the body, we performed a composite score calculation. The composite 

scores for RoM and VoM were calculated by averaging the standardized raw data 

across movement directions (flexion, extension, lateroflexion left, lateroflexion right, 

rotation left and rotation right). Standardization (to zero mean and unit variance) 

ensured that the composite score is not biased by the variable magnitude across 

movement directions. The internal consistency of the computed composite scores 

for motion and velocity Cronbach´s alpha was used (Taber, 2018). Consisting of the 
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captured and z-transformed movement directions extension, flexion, lateral flexion 

and rotation, the internal consistency is acceptable with Cronbach’s alpha for the 

comp motion score = 0,83. Almost the same situation appeared for the Velocity – 

composite score (comp Velocity) with an ɑ = 0,91. Testing the internal reliability of 

the compositscore for pain,consisting of the non-standardized maximum pain, the 

minimum pain and the average pain rating during the last week, the internal con-

sistency is acceptable as well, with a Cronbachs Alpha for the compVAS = 0,85. 

Cronbachs alpha was in every case higher than 0,7, indicating that the combination 

of items has an acceptable reliability (Taber, 2018). 

As an initial step, Shapiro-Wilk normality tests were used to determine whether out-

come variables followed a normal distribution. Additional qq-plots were conducted, 

giving a visual impression of the distributions. To avoid a possibly masked statistical 

effect pursuant to Lord´s paradox, all variables were visualized in scatterplots com-

paring the scores of the post assessment with those of the pre-assessment, sepa-

rately for the TAU and the OLP+TAU group (Wright, 2003). To test for variance 

homogeneity between the two time periods of pre and post assessment the F-Test 

was used. 

To contrast the results of the motion capabilities of patients at baseline asympto-

matic subjects, we compared our RoM and VoM data of CLBP patients to those 

observed by Consmüller et al. (2012). In their paper 429 healthy volunteers were 

examined, using the same motion capturing system (Epionics Spine) and a compa-

rable measurement protocol. For the comparison of the means for range of flexion 

and range of extension, as well as velocity of flexion and extension, sample means 

and standard deviations (per age groups) were fed into an two-sided unpaired t-test. 

The population of our study presented an average age of 60.8 ±15.01(SD) at the 

time of the pre assessment. Hence, we compared the age groups between 36 – 50 

years and 51 – 75 years, assuming that no difference between our groups and the 

Consmüller groups indicates to a regular motion capabilities in CLBP patients. 

To assess randomization bias, baseline differences between groups (i.e. before 

OLP treatment) were tested in the pretest phase for demographics and the outcome 

variables by two-sample T-tests. 
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Within the applied pretest – posttest design (Baseline vs. day 21: see Figure 2), all 

conditions were identical for all patients, except the administration of an open label 

placebo within the OLP+TAU group. According to Dimitrov and Rumrill (2003) two 

major problems are related to this design, particularly maturation and history for 

internal validity and interaction of pretesting for external validity of results. 

As recommended by Dimitrov and Rumrill, we applied a pretest-posttest difference-

based method. Under the assumption that the OLP+TAU treatment shows no effect, 

the collated pretest-posttest differences(“gain-scores”) of the outcome variables 

must be approximately equal compared with the TAU group, who received no treat-

ment. As reported by Dimitorv and Rumrill (2003), simple statistical inference on the 

gain scores (pretest-posttest differences) has satisfying statistical properties pursu-

ant to valid null hypothesis testing in many realistic situations. 

The analysis of change was performed by testing the pretest-posttest differences 

with a Welch-Test of all outcome variables. 

In an explorative analysis, we first analyzed relationships across outcome variables 

by correlation analysis, with the aim of providing further information of the interpre-

tation of any divergence of the OLP-effect across various objective and subjective 

outcome variables. To reduce the number of comparisons (and, thus, the chance of 

false positives), variables of the BPFS, the pain intensity composite score 

(CompVAS), Depression, Anxiety, Stress, ODI, PCS, PSFS and the composite 

score of motion and the composite score of velocity were used. 

Second, as OLP-effects might be very different across individuals (El Brihi et al., 

2019), (especially for the objective outcomes), we performed an explorative investi-

gation of interaction-effects, focusing on interactions between the treatment 

(OLP+TAU and TAU) and the psychological diagnosis subjective outcome results 

(ODI, BPFS, Depression, Anxiety, Stress, PCS, VAS composite, PSFS) when mod-

elling the composite RoM and VoM gain-scores. Analysis was performed with gen-

eral linear models on R and consisted of a total of 16 model fits (two outcomes, 8 

kinds of interactions). 
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6 Results 

6.1 Patients demographics 

In total N=127 subjects met the inclusion criteria and were enrolled. Table 2 & Table 

3 provide an overview of the sociodemographic data, separately for treatment 

groups (TAU & OLP+TAU). 

Overall, participating patients were predominantly female (n = 79; 62,2%), with an 

average age of 60.88 ± 14.03 years, with 41.7% of them having had nine years of 

education, 83.76% being non-smokers and having a BMI (kg/m2) of 28.32 ± 5.31. A 

regular drug use due to back pain was observed in 79.97% of all participating pa-

tients while 83.46% of the patients considered themselves as healthy when ques-

tioned about their general health status as part of the questionnaire (Table 2). After 

having been randomly categorized into Open Label Placebo Group (OLP+TAU) and 

treatment as usual Group (TAU) both groups of patients did not differ in age, t(125)=-

0.85, p = 0.394 >.05, gender distribution χ2(1, N = 127) = 2.94, p = 0.101 >.05, 

Nutrition habits χ2(1, N = 127) = 0.13, p = 1,00 >.05, years of education U = 1949.00 

; z = -0.310 ; p = 0.757 >.05, smoking behavior (packs per day * years) t(117)= 0.87, 

p = 0.385 >,05 alcohol consumption (in g) t(107)= 0.136, p = 0.892 >.05, regular 

drug use χ2(1, N = 120) = 0.33, p = 1.00 >.05 and self-assessed health status χ2(1, 

N = 127) = 0.26, p = 0.639 >.05. 

With a mean value of 28,31 ± 5,31, the OLP+TAU group showed a statistically sig-

nificant higher BMI value compared to the TAU-group (25.64 ± 5.06), t(125)= -2.887, 

p = 0.005 <.05 after randomization. This was also the case with regards to the mean 

values of body weight (OLP+TAU: 85.93 ± 18.85; TAU: 74.36 ± 16.12), t(125)= -

3.696, p = 0.000 <.05 and body height (OLP+TAU: 173.89 ± 10.06; TAU: 170.13 ± 

8.50).t(125)= -2.261, p = 0.025 <.05. 
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Table 2:  Sociodemographical Data of the random sample (n =127) - Distributions and Mean Va-
lues (Mean) ± Standard Deviation (SD) 

  OLP TAU p 

Sex (in %) Male 14.14 % 

N = 18 

23.62% 

N = 30 

 

.101 >.05 

 Female 33.07% 

N = 42 

29.13% 

N = 37 

Age (in years) Mean ± SD 60,88 ± 15,01 58,67 ± 14,039 .394 >,05 

Weight (in kg) Mean ± SD 85.93 ± 18.85 74.36 ± 16.12 .000 <.05 

Height (in kg) Mean ± SD 173.89 ± 10.06 170.13 ± 8.50 .025 <.05 

BMI (kg/m2) Mean ± SD 28.32 ± 5.31 25.65 ± 5.07 .005 <.05 

Nutrition habits Meat  51.18% 

N = 65 

45.67% 

N = 58 

 

1.000 >.05 

Vegetarian 1.57% 

N = 2 

1.57% 

N = 2 

Vegan 0% 

N = 0 

0% 

N = 0 

Years of Educa-
tion  

Qualifikation 

(6 yrs.) 

15.08% 

N = 19 

10.32% 

13 

 

.757 >.05 

Mittlere Reife 

(9 yrs.) 

20.63% 

N = 26 

21.43% 

N = 27 

Abitur 

(13 yrs.) 

7.14% 

N = 9 

10.32% 

N = 13 

Hochschulabschluss 

(> 13 yrs.) 

9.52% 

N = 12 

5.56% 

N = 7 
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Table 3: Sociodemographical Data of the random sample (n =127) - Distributions and Mean Va-
lues (Mean) ± Standard Deviation (SD) 

  OLP TAU p 

Health Status 
(“Do you feel 
healthy?”) 

Yes 

No 

44.88% 

N = 57 

7.87% 

N = 10 

38.58% 

N = 49 

8.66% 

N = 11 

 

.639 >.05 

Regular drug use Yes 

No 

41.64% 

N = 50 

10% 

N = 12 

38.33% 

N = 46 

10% 

N = 12 

 

1.000 >.05 

Smoking Yes 

No 

5.98% 

n = 7 

45.3% 

n = 53 

10.26 

n = 12 

38.46% 

n = 45 

 

Smoking behavior 
(in Pack years) 

Mean ± SD 3.3 ± 10,7 5.0 ± 10.8 .385 >.05 

Alcohol consumption 
(In g per week) 

Mean ± SD 24.5 ± 29,9 25.5 ± 47.8 .892 >.05 

6.2 Effects of OLP on pain intensity and self-reported functional 
capacity 

N=122 patients completed the trial from Baseline to day 21 (N=63 OLP+TAU-group; 

N=59 TAU-group) and were included in the data analysis of the self-reported func-

tional capacity. Statistically significant differences were detected by using the Welch 

t-Test on completed observations between the TAU and the OLP+TAU group. With 

regard to the study protocol the primary outcome pain intensity, depicted by the 

composite VAS score (VAScomp) (t(104.3)=-2.649, p<.001) decreased in the 

OLP+TAU group compared to the TAU group. With respect to functional capacity, 

as a secondary outcome, the Oswestry Disability Index (ODI) (t(116.470)=2.574, 

p=.01), showed a decreased functional impairment in the OLP+TAU group. This 

also applies to the depression subscale of the Depression-Anxiety-Stress-Scale 

(DASS) (t(99.053)=2.247, p=.02) as an explorative outcome, indicating a decreased 

depression score.   
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In summary, these results suggest a decrease in pain intensity (VAScomp), func-

tional disability (ODI) and parameters associated with depression (DASS) after 

OLP+TAU treatment, as compared to the TAU group. These results are consistent 

with our first hypothesis (see 4.1), anticipating a stronger decrease of pain and self-

reported disability in the TAU + OLP group, as compared to the OLP only group. 

No statistically significant differences were detected for the scores of the back-per-

formance scale (BPFS), the subscales of the DASS for anxiety and stress, the pain-

catastrophizing scale (PCS) and the patient specific functional scale PSFS. Table 4 

provides an overview of the differences between the TAU and the OLP+TAU groups. 
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Table 4:  Results Differences between TAU and OLP+TAU Group on subjective motion criteria 

Behavioral Data T df p-value CI 95% Diff [1]-[0] Cohens d= r 

ODI  2.573700 116.470 0.01132* 0.9299629 7.1407060 4.0353349 0.457 0.232 

BPFS  0.712060 90.763 0.47830 -0.4070133 0.8618473 0.2274170 0.127 0.075 

Depression  2.246800 99.053 0.02687* 0.1549858 2.4972390 1.3261124 0.399 0.220 

Anxiety  1.793300 108.740 0.07571 -0.0996768 1.9936162 0.9469697 0.319 0.169 

Stress  1.680100 115.000 0.09565 -0.2233626 2.7192642 1.2479510 0.299 0.155 

PCS  0.337680 121.330 0.73620 -2.4821570 3.5030560 0.5104493 0.060 0.031 

VAS min  2.178700 112.900 0.03143* 0.0623738 1.3136724 2.0411328 0.387 0.201 

VAS max  2.362500 108.710 0.01993* 0.1326023 1.5141509 1.5333333 0.420 0.221 

VAS mean  1.418500 115.070 0.15870 -0.1885258 1.1397523 0.4756132 0.252 0.131 

VAS comp 2.6494 104.33 0.009317* 0.1666108 1.1580645 0.6623377 0.481 0.251 

PSFS  -0.252340 112.250 0.80120 -11.692241 0.9050451 0.1320900 -0.045 0.024 
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6.3 Relationship between open label placebo, subjective and 
objective measurement criteria 

Out of the 127 patients who were part of the motion capturing group during the pre-

assessment n=118 were included in the data analysis and n=4 had to be excluded 

due to interfering artifacts. Table 5 provides an overview over average RoM and 

VoM of the participants of the study at the time of the pre assessment and before 

randomization. 

Table 5:  Average Range of Motion (RoM) and Velocity (VoM) of the pooled sample at Pre-As-
sessment (N=127) 

Movement Direction RoM 
(in ⁰) 

SD VoM 
(in ⁰/sek) 

SD 

Flexion 38.0474 10.90373 36.7954 16.43264 

Extension 19.5162 10.47477 23.6162 15.85809 

Rotation (left) 23.7207 9.52593 36.5514 25.41229 

Rotation (right) 24.1908 9.06802 34.8007 22.52836 

Lateroflexion (left) 18.2294 6.69876 30.8021 18.41450 

Lateroflexion (right) 18.5010 7.13738 31.4413 19.46542 

To gain insights into the motion capabilities of patients with CLBP, findings of the 

motion analysis were compared to the results of a preliminary experiment by Cons-

müller et al. (2012) of 429 asymptomatic volunteers. The authors used the same 

motion capturing system and differentiated the groups adjusted by the regular age-

related loss of motion capabilities. This opened the possibility to relate our results 

to an asymptomatic study population. The population of our study presented an 

average age of 60.8 ±15.01(SD) at the time of the pre assessment. Hence, the lo-

gical conclusion was to compare our findings to the findings by Consmüller et al. 

We compared the age groups between 36 – 50 years and 51 – 75 years, assuming 

that no difference between our groups and the Consmüller groups indicates regular 

motion capabilities in CLBP patients. In comparison to the asymptomatic volunteers 

a statistically significantly difference was detected for range of flexion (t(271)=-

9.889, p<=.001) between our study population and the group of 36 – 50 year old 

asymptomatic volunteers (t(271)=-9.889, p<=.001) and extension (t(271)=-2.344, 
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p=.01). For the group of 51 – 75 year old volunteers our study population differed 

statistically significant in range of flexion (t(219)=4,722, p<=.001), whereas there 

was no difference in range of extension (t(219)=0.000, p=1.0) (Figure 4). 

 

Figure 4:  Comparison of Range of Motion between study population (dark grey) and asymptoma-
tic patients of different age groups according to Consmüller (2012). 

This indicates a changed range of motion in CLBP, compared to asymptomatic vol-

unteers. Results are similar for the VoM. When comparing these results to the group 

of 36 – 50 years old participants of, our study population demonstrated a statistically 

significant difference for velocity of flexion (t(271)=-20.960, p<.001) and extension 

(t(271)=-13.373 p<.001). The same is also valid for the group of the 51 – 75-year-

old asymptomatic participants. Compared to the CLBP patients a statistically signif-

icant difference in flexion velocity (t(219)=-14.692, p<.001) and extension velocity 

(t(219)=-9.373, p<.001) was observed (Figure 5). 
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Figure 5:  Comparison of Velocity of Motion between study population (dark grey) and asympto-
matic patients of different age groups according to Consmüller (2012). 

We assessed randomization bias by comparing baseline RoM and VoM measure-

ments between the TAU and OLP+TAU groups. As presented in Table 6, a statisti-

cally significant difference was detected between the TAU and the OLP+TAU Group 

on the Range of motion parameter Extension (t(90.811)= 2.0111, p=0.04728). The 

statistical analysis of OLP-effect revealed no statistically significant difference in ob-

jective motion capabilities between the TAU and the OLP+TAU groups (Table 7 & 

Table 8). 

Table 6:  Differences of Averaged Motion Scores (RoM &VoM) after randomization into TAU and 
TAU + OLP Group 

Range of Motion TAU 
(in ⁰) 
N=67 

SD OLP+TAU 
(in ⁰) 
N=60 

SD T DF P 

Flexion 39.38     10.13 36.84 11.49 1.3213 124.97 .18>.05 

Extension 21.52     12.92 17.71 7.29 2.0111 90.811 .04<.05 

Rotation (left) 23.25     8.97 24.13 10.04 -0.52219 125 .60>.05 

Rotation (right) 24.63   9.65 23.79 8.55 0.52016 118.69 .60>.05 

Lateroflexion (left) 19.24    6.33 17.32 6.93 1.6317 124.94 .10>.05 

Lateroflexion (right) 19.78 6.99 17.35 7.11 1.9374 123.91 .06>.05 

 



Results 47 

47 

Velocity of Motion TAU 
(in ⁰/sec.) 
N=67 

SD OLP+TAU 
(in ⁰/sec) 
N=60 

SD T DF P 

Flexion 37.47 15.22 36.19 17.53 0.43994 124.89 .66>.05 

Extension 25.38 18.55 22.02 12.92 1.1714 103.86 .24>.05 

Rotation (left) 33.89 20.13 38.92 29.29 -1.1381 117.43 .25>.05 

Rotation (right) 33.91 20.77 35.59 24.11 -0.41945 124.82 .67>.05 

Lateroflexion (left) 31.49 16.44 30.17 20.11 0.40661 124.01 .68>.05 

Lateroflexion (right) 32.90 18.79 30.12 20.09 0.80554 124.76 .42>.05 

 

Figure 6:  Change of Motion Profile by Treatment – Averaged scores of pre – (dark grey line) and 
post – test (red dotted line) 
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Table 7: Welch Test on Pre-Post Differences between OLP+TAU and TAU Group for RoM-Parameters 

Range of Motion T df p-value CI 95% Diff [1]-[0] Cohens d= r 

Flexion  -0.573500 115.950 0.56740 -3.7053350 2.0413490 0.8319931 -0.102 0.053 

Extension  -0.553890 100.860 0.58090 -4.3949380 2.4763900 0.9592740 -0.098 0.055 

Lateral- Flexion (l)  0.129670 114.040 0.89710 -1.4019120 1.5982940 0.0981913 0.023 0.012 

Lateral- Flexion (r)  -0.766190 115.890 0.44510 -2.1504910 0.9507905 0.5998502 -0.136 0.071 

Rotation (l)  0.201660 113.820 0.84050 -2.6422250 3.2411190 0.2994470 0.036 0.019 

Rotation (r) -0.362750 115.620 0.71750 -3.5665920 2.4624100 0.5520910 -0.064 0.034 

Table 8: Welch-Test on Pre-Post Differences between OLP+TAU and TAU Group for VoM-Parameters 

Velocity T df p-value CI 95% Diff [1]-[0] Cohens d= r 

Flexion  0.240140 107.470 0.81070 -4.0435210 5.1582450 0.5573617 0.043 0.023 

Extension  0.049184 112.290 0.96090 -4.9176600 5.1680280 0.1251843 0.009 0.005 

Lateral Flexion (l)  -0.200980 104.430 0.84110 -5.8420260 4.7667720 0.2994470 -0.036 0.020 

Lateral Flexion (r)  -0.448670 114.890 0.65450 -6.9396260 4.3764460 2.7613890 -0.080 0.042 

Rotation (l)  0.201660 113.820 0.84050 -2.6422250 3.2411190 0.5376270 0.036 0.019 

Rotation (r)  -0.748330 114.460 0.45580 -10.071114 4.5483380 1.2815900 -0.133 0.070 
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6.4 Relationship between objective and subjective measurement 
criteria 

While it is plausible to assume that objective measurement criteria and self-reported 

functional capacity are complexly related, we investigated whether and how this 

connection was present in the study population by correlating the composite RoM 

and VoM scores of the self-reported functional capacity and related questionnaires 

(BPSF, composite VAS, Depression, Anxiety, Stress, ODI, PCS, PSFS) at Baseline. 

Specifically, we calculated pairwise Pearson product-moment correlations to exam-

ine the relationship between the composite motion characteristics for Range of mo-

tion and the behavioral scale scores. 

 

Figure 7: Correlationplot with correlationscoefficents (right) on significancelevel p <0,05 (left)  

The highest statistical correlation was found between the Range of motion and the 

velocity of motion. The relationship was positive, strong and statistically significant 

(r(125)=0.7237972,p<.001). Moderate negative, statistically significant correlations 

were found for range of motion and the back performance scale (r(124)=-0.5752337, 

p<.001). Negative and small, but statistically significant relationships (without cor-

recting for multiple comparisons) were seen between the range of motion and the 

Depression subscale of the DASS-score (r(123)= -0.1952914,p=.03) and the ODI 

(r(124)=-0.2927828, p<.001). No further statistically significant correlations were ob-

served (Table 9). 
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Table 9: Pearson Product Moment Correlations between composite Range of Motion Charac-
teristics and scale scores of the behavioral dataset at Baseline 

Range of Motion t df p-value CI 95% r 

Velocity  11.728 125 < 2.2e-16 0.6288822  0.7974558 0.7237972 

ODI -3.4234 125 0.0008366 -0.4443333 -0.1249410 -0.2927828 

BPFS -7.8308 124 1.856e-12 -0.6815666  -0.4451103 -0.5752337 

Depression  -2.2084 123 0.02907 -0.35860087  -0.02038294 -0.1952914 

Anxiety  -1.8727 122 0.06351 -0.333642393 0.009435485 -0.1671592 

Stress  -0.90021 123 0.3698 -0.2529172  0.0960695 -0.0809029 

VAS  -1.4139 123 0.1599 -0.29551065  0.05025772 -0.1264659 

PCS -0.77354 125 0.4407 -0.2403468  0.1064727 -0.06902222 

PSFS -0.34858 125 0.728 -0.2042683  0.1438329 -0.0311626 

Focusing on the Velocity of motion Characteristics, a positive, strong and statistically 

significant relationship was observed with the Range of Motion Score, as mentioned 

above. A small, negative and statistically significant correlation was equally obser-

ved between Velocity of Motion and the back performance scale 

(r(124)= - 0.4685889, p<.001)., the Depression Subscale of the DASS- Score 

(r(124)= - 0.1963908, p=.03)., as well as the ODI (r(125)= - 0.1935509, p=.03). No 

further statistically significant correlations were found as seen in Table 10. 

Table 10: Pearson Product Moment Correlations between composite Velocity of Motion Charac-
teristics and scale scores of the behavioral dataset 

Velocity of Motion  t df p-value CI 95% r 

RoM 11.728 125 < 2.2e-16 0.6288822  0.7974558 0.7237972 

ODI -2.2057 125 0.02924 -0.35576918 -0.02001098 -0.1935509 

BPFS -5.9066 124 3.137e-08 -0.5947504  -0.3199008 -0.4685889 

Depression  -2.2213 123 0.02816 -0.35959664  -0.02152563 -0.1963908 

Anxiety  -1.6859 122 0.09437 -0.3187256  0.0261232 -0.1508884 

Stress  -1.2673 123 0.2074 -0.28348869  0.06333713 -0.1135332 

VAS  -0.97737 123 0.3303 -0.25939471  0.08919658 -0.08778598 
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Velocity of Motion  t df p-value CI 95% r 

PCS -1.0789 125 0.2827 -0.26581704  0.07949443 -0.09605042 

PSFS 0.74034 125 0.4605 -0.1094009  0.2375532 0.066073 

 

6.4.1 Interaction of Pain Catastrophizing on Movement speed 

As OLP-effects might be very different across individuals (El Brihi et al., 2019), an 

explorative analysis was conducted, investigating whether there was a subpopula-

tion which could be identified by subjective data and have a response in objective 

movement parameters. The analysis consisted of systematically modelling the in-

teraction-effect between OLP treatment and subjective outcomes on the objective 

outcomes (composite RoM, VoM scores). 

The interaction term was statistically significant (p=0.003) in one out of the 16 pos-

sible models, showing that group differences are significantly influenced by the pa-

tients’ pain catastrophizing (PCS, see Figure 8). Importantly, the observed p-value 

is considerably low and meets the acceptance level with Bonferroni-correction 

(Bonf.=0.003).This means that, patients with low pain catastrophizing (at baseline) 

show an improvement in movement speed in the TAU + OLP group as compared to 

the TAU condition while patients with high pain catastrophizing tended to show an 

opposite effect. This resulted in a negligible, statistically not significant main effect, 

but a statistically significant interaction effect. 

 

Figure 8: Interaction effect between treatment and pain catastrophising on velocity alteration  
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7 Discussion 

In the present work we investigated the effect of an open-label placebo intervention 

over a period of 21 days on pain, self-assessed ADL- Impairment and motor perfor-

mance of chronic low back pain patients. While a previous study has shown im-

proved self-reported disability in chronic low back pain patients as a consequence 

of an open-label-placebo treatment to our best knowledge, this study is the first to 

assess the effect of OLP on objective characteristics of motor performance, as 

measured by a motion capturing system, in form of Range of Motion and Velocity of 

Motion. To enable comparability to previous investigations, motion capturing was 

supplemented by Questionnaires for pain intensity, subjective movement behavior 

and psychological variables. According to the Declaration of Helsinki issued by the 

World Medical Association the study has been approved by the ethics committee at 

the faculty of medicine of the university of Duisburg-Essen. A total n=127 patients 

were included into motion capturing at pre-assessment. A total amount of n=118 

patients completed the motion capturing at second time of assessment and n=4 had 

to be excluded due to interfering artifacts. By providing the OLP as an adjunct treat-

ment, it was ensured that all patients suffering from CLBP were not restricted in 

individual procedures within the health problem. 

Statistically significant differences were marked for the perceived level of disability, 

depression and pain intensity of chronic low back pain patients (Table 4). These 

findings replicate research by Carvalho et al. (2016) in a greater sample, demon-

strating statistically significant improvements in subjective/self-reported measures 

of motion capacity/disability, pain, as well as depressive symptoms in a group of 

CLBP patients receiving OLP treatment additional to their regular health related rou-

tines (OLP+TAU) as compared to a group with treatment as usual (TAU).  

In contrast to the OLP-induced reduction in the subjectively perceived limitation in 

movement behavior (ODI), no statistically significant difference was found between 

the two groups for objective motion capabilities. 

The lack of objectively measured OLP-induced improvement in motion capabilities 

somewhat contradicts the results of our exploratory analysis which revealed com-

plex and statistically significant relationships between objective and self-reported 
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subjective measures of movement behavior (ODI and BPFS) across participants at 

baseline conditions. 

Interestingly, we found that individual pain catastrophizing (at baseline conditions) 

might modulate the beneficial effect of OLP on objectively measurable motion char-

acteristics. Specifically, an improved movement velocity following the OLP treat-

ment was found only in low pain catastrophizers, which might explain the lack of 

significant main effect of OLP-treatment on objective measures. While these results, 

due to the exploratory nature of the interaction-analysis, still have to be replicated 

by further studies, they suggest that OLP-treatment, next to its known beneficial 

effects on the patients subjectively perceived movement abilities, might also achieve 

an objectively measurable improvement in a subgroup of subjects, and thus might 

serve as a basis for personalized medicine in CLBP. 

7.1 Relating results to the current state of research 

Relationship between open label placebo, pain intensity and self-reported 
functional capacity 

Existing evidence indicates that adding an open label placebo treatment to the treat-

ment as usual in chronic low back pain patients leads to an decrease in pain inten-

sity and an improvement in functional capacity (Carvalho et al., 2016). In their study 

83 adults suffering from persistent low back pain for more than 3 months, presented 

a statistically significant pain reduction and a reduced disability while randomized 

into the OLP group, receiving an open-labeled placebo compared to the TAU group, 

receiving no placebo. The measurement tools that were used included the NRS 

Score for Pain intensity addressing the minimum, maximum and usual pain and the 

Roland-Morris-Disability Questionnaire (RMDQ) detecting disability. Within our 

study we were able to replicate these results, using similar measurement. Address-

ing the functional impairment, we used the ODI instead of the RMDQ. Reviewing 

the evidence, measuring functional impairments for nonspecific low back pain pa-

tients, both assessments are characterized by high reliability and validity (Roland 

& Fairbank, 2000) and there are no reasons to prefer one of the two assessments 

(Chiarotto et al., 2016). 

Notwithstanding the fact that the term of pain intensity is often wrongly conflated 

with the term of suffering of chronic low back pain (Sullivan & Ballantyne, 2016), our 
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data suggest a robust correlation (r=0,48) between disability (ODI) and pain intensity 

(VAS), analyzing the n=127 participants before randomization (see Figure 7). This 

forms the framework for the interpretation of the statistically significant difference 

between the OLP+TAU and TAU Group for pain Intensity after completing the trial. 

Nevertheless there is a difference in clinical meaningful and statistically significant 

difference in pain intensity, we were able to demonstrate not only a statistically sig-

nificant pain difference in favor of the OLP+TAU group, but also a statistically sig-

nificant difference in ODI scores and the depression subscale of the DASS. While 

patients received the OLP treatment additional to their usual treatment, the benefi-

cial effect on pain intensity, disability and depression must be highlighted as an ef-

fect driven by the placebo treatment without deception of a possible effect mecha-

nism by a powerful drug. Using a larger sample of CLBP-Patients these results 

support the results by Carvalho et al.(2016) and stand in line with earlier observa-

tions of beneficial effects by an open label placebo treatment (Kaptchuk & Miller, 

2018). Results are published in detail (Kleine-Borgmann et al., 2019). Highlighting 

the observation of a potential interdependence between expectancy and the a pla-

cebo effect it is possible, that the pure pill-taking procedure could be sufficient for 

triggering the analgesic impact in chronic low back pain and a deception by partic-

ularly feigning the usage of a powerful drug, is not necessary (Carvalho et al., 2016). 

By strengthening the expectation of relief, a dynamic cycle could be initiated, 

whereby adjusted expectations lead to pain relief which in turn could result in a 

changed motion behavior. 

Relationship between open label placebo, pain intensity and objective 
measurement criteria 

It has been suggested that altered spinal kinematics can be considered a possible 

reason for symptom severity and the persistence of disability in chronic low back 

pain (Dubois et al., 2014). Reasons for an adapted motor behavior are neuromus-

cular adaptations that can lead to a different muscular activation pattern in chronic 

low back pain patients compared to healthy controls (Dubois et al., 2014). In addition 

to the self-assessed functional capabilities we performed a motion capturing proce-

dure to quantify a hypothesized decreased disability. In analogy to the hypothesis 

that was presented in chapter 3 4.3, we expected a negative correlation between 

disability scores and motion capabilities (Range of Motion and Velocity of Motion). 
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This expectation was substantiated by the comparison of our sample to motion ca-

pabilities of healthy adults of comparable demographics, using the same motion 

capturing system (Consmüller et al., 2012). Here, our sample presented a statisti-

cally significant impaired RoM and VoM compared to healthy adults (Figure 4 & 

Figure 5) indicating to an adapted motor behavior in our study population. This as-

sumption is confirmed by the observed inverse significant correlation between the 

composite motion score and ODI Scores (r(124)=-0.2927828, p<.001) at baseline 

in our study population.  

Our observation that motion capturing does not provide any statistically significant 

differences between the groups (and no difference within the treatment period), 

while disability ratings, pain intensity and depression ratings showed a statistically 

significant difference between the groups highlights the complexity of adapted motor 

behavior of chronic low back pain patients. Notwithstanding the fact that the data 

used for comparison are not part of our data acquisition, our patients demonstrated 

an adapted motor behavior by a reduced RoM and VoM in contrast to healthy con-

trols. The underlying reasons for this adaptation may not only be a consequence of 

pain intensity. One explanation might be that the neuromuscular adaptations, lead-

ing to an adapted motion behavior stand in line with health beliefs of harmful motions 

and a desire of protecting the tissue. Patients consider their back as vulnerable due 

to its specific design, the use of it and the pathomechanic mechanism which is most 

probably connected with previous pain events (Darlow et al., 2015). These negative 

assumptions are leading to an affected information process by misinterpretations 

and can create fear reactions while typical fear reactions are accompanied by an 

increased avoidance behaviour (Dubois et al., 2014). The intention to guard the 

structure and the fear avoidance beliefs relating thereto are affecting the prognosis 

of chronic low back pain to a large extent (Darlow et al., 2015) and could be a more 

robust predictor of altered motion characteristics than pain intensity itself. 

Another explanation according to recent literature of fMRI studies might be, that 

there are subgroups within the study population reacting differently to a placebo. 

Placebo responders were identified by connectivity in specific brain areas like the 

right midfrontal gyrus of the prefrontal cortex a region associated with high-level 

executive functions and decision-related processes (Talati & Hirsch, 2005). 
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Relationship between objective and subjective measurements of spinal 
movement and functional capacity 

The lack of objectively measured OLP-induced improvement in motion capabilities 

somewhat contradicts the results of our exploratory analysis which revealed com-

plex and statistically significant relationships between objective and self-reported 

subjective measures of movement behavior (ODI and BPFS) across participants at 

baseline conditions. 

Standardized RoM values were found to be strongly correlated to the back perfor-

mance scale (r=-0.58), and statistically significant but weak correlated to ODI 

(r=0.29) (Figure 7) indicating for an impact of RoM on functional motion sequences 

that are rated by an examiner but not on self-assessed disability. 

Among each other the results of the BPFS were weakly correlated (r=0,37) to the 

ODI indicating for different dimensions of disability assessed by the different assess-

ments. Thus, for example negative emotions in connection to depleted coping re-

sources are associated with functional impairment and the level of chronic pain 

(Gerhart et al., 2018). It stands to reason, that a pure performance aspect, highlight-

ing the motion parameters (BPFS and RoM), are indicators for functional impair-

ments, but not for the level of suffering, unless the emotional and cognitive dimen-

sion is excluded from assessment. Possibly functional impairments are not a direct 

consequence of pain, but more a result of abnormal pain processing brain activation 

in consequence of functional brain changes that lead to over-responsiveness to sen-

sory inputs that signal potential harm (Goossens et al., 2018). 

While we identified statistically significant differences in Pain Intensity and self-as-

sessed impairments (ODI), which potentially covers the dimension of suffering more 

than the pure motion performance. This raises the question of whether the pain in-

tensity and impairment in motion characteristics both are connected to CLBP, but 

not connected to each other.  

Open label placebo responder analysis 

As discussed above, a plausible explanation of the divergent results with subjective 

and objective outcomes might be that there are subgroups within the study popula-

tion reacting differently to a placebo. 
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Our interaction analysis strongly supports this explanation as it shows that individual 

pain catastrophizing (at baseline conditions) might modulate the beneficial effect of 

OLP on objectively measurable motion characteristics. Specifically, an improvement 

in the velocity-of-motion was observed in low pain catastrophizers treated with OLP. 

Interestingly, the level of Pain-Catastrophizing has been previously associated with 

a decreased activation of prefrontal brain structures among persons with chronic 

pain in fibromyalgia (Gracely et al., 2004). This prefrontal activity has been shown 

to be crucial for placebo responsiveness and forms an possible explanation for in-

terindividual differences in placebo effects (Enck et al., 2013). Moreover a disrupted 

functional connectivity in cognitive and sensorimotor networks (Dubois et al., 2014), 

are linked to brain areas that have also been reported to be relevant in identifying 

placebo responders (Ashar et al., 2017) highlighting a connection between prefron-

tal activity and motor function. 

While these results, due to the exploratory nature of the interaction-analysis, still 

have to be replicated by further studies, they suggest that OLP-treatment, next to 

its known beneficial effects on the patients subjectively perceived movement abili-

ties, might also achieve an objectively measurable improvement in a subgroup of 

subjects, and thus might serve as a basis for personalized medicine in CLBP. 

7.2 Limitations 

7.2.1 Is the Open label placebo treatment open? 

Referring to the way that patients are informed in OLP-Trials, the explanation by the 

video that placebo effects may still be powerful although they do not contain any 

medication could lead to manipulation of the patient expectation. So asking the 

question whether the open label placebo is really open-labelled and the level of ex-

pectation driven by the manipulated patient information situation, evidence suggests 

that information about the general effect mechanisms of placebos seems not to be 

necessary to elicit an open-label-placebo-effect in the form of symptom relief 

(Schaefer et al., 2018). But the exclusion from the placebo treatment in the first 

instance could lead to a negative effect in the TAU group, while they were informed 

about the “powerful placebo” but receiving no additional treatment. In one trial the 

disappointment about allocation to the Control group in smoking cessation led to 

higher drop-out rates (Lindström et al., 2010). 
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7.2.2 Motion capturing 

After randomization we identified some 

differences between the groups, which 

potentially could affect the results and 

analysis after completing the trial. First 

the BMI differed statistically significant 

with higher scores within the OLP+TAU 

group (Table 2). Other studies indi-

cated, that a body weight, body height 

and BMI play only a secondary role for 

motion capabilities measured by the 

Epionics Spine System (Consmüller et 

al., 2012) suggesting that this difference 

will not be a decisive factor for potential 

differences between TAU and OLP+TAU in motion possibilities. The other parame-

ter that differed already at the timepoint after randomization was the score of Exten-

sion which showed a statistically significant difference OLP+TAU and TAU group, 

which could refer to a heterogeneous basis for the comparison. This difference was 

clinically not meaningful and explainable by the high variance caused by outliers on 

the Extension Parameter within the TAU (Figure 9). Moreover, the observed p-value 

is close to the alpha-level (=0.05) and does not survive a Bonferroni correction for 

the multiple comparisons, therefore it is most probably a false positive result. 

7.2.3 Questionnaires 

The questionnaire survey we used predominantly consisted of extensively validated 

national and international studies (Fairbank & Pynsent, 2000; Heldmann et al., 

2015; Horn et al., 2012; Karcioglu et al., 2018; Mannion et al., 2006; Selim et al., 

2009). Furthermore, the questionnaires were selected with a view to ensuring that 

we were able to evaluate possible contributing factors of function, related to chronic 

low back pain in comparison to previous investigations (Carvalho et al., 2016). It 

was found, that particularly the “Deutscher Schmerzfragebogen” for the Inventory of 

causes of pain has been problematic, because of the relatively high amount of items 

(Core questionnaire: 24 questions, Module S - social-security components: 8 ques-

 

Figure 9: Boxplot of the grouped Range of Ex-
tension after randomization 
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tions, Module L – Health related quality of life: 12 questions, Module D – Demogra-

phy: 17 questions). In connection to the other used questionnaires (ODI, PSFS) the 

processing period varied strongly and exceeded the planned period. So, it is possi-

ble that this interferes the feeling of redundancy in participating patients. In further 

studies it will be important to reduce the processing period to maintain the partici-

pants motivation since the length of a questionnaire is related to the response of 

participants (Edwards et al., 2009). Further the usage of numeric pain intensity rat-

ings should be called into question against the background of habituation effect and 

social desirability in chronic pain states. Patients demonstrated considerable expe-

rience with numeric rating scales which could indicate, that this is a conditioned 

status and not the representation of the actual pain intensity. Consistent to these 

findings, other authors reported that chronic pain patients report a higher self-esti-

mated percentage improvement of pain compared to the value calculated from their 

pain scores (Cushman et al., 2015). 

7.3 Outlook 

Our study replicates previous results of research by Carvalho et al. (2016) in a 

greater sample, demonstrating statistically significant improvements in subjec-

tive/self-reported measures of motion capacity/disability, pain, as well as depressive 

symptoms in a group of CLBP patients receiving OLP treatment additional to their 

regular health related routines (OLP+TAU) as compared to a group with treatment 

as usual (TAU). and indicates a separation between actual and perceived move-

ment capacity and highlights the necessity to functional therapy management of 

chronic low back pain patients. Similar conclusions were obtained with cognition 

based physical therapy in contrast to manual therapy and exercise. 

Our finding that individual pain catastrophizing (at baseline conditions) might mod-

ulate the beneficial effect of OLP on objectively measurable motion characteristics, 

due to the exploratory nature of the interaction-analysis, still has to be confirmed by 

future studies. 

The improved movement velocity we found to be present only in low pain catastro-

phizers suggest that OLP-treatment, next to its known beneficial effects on the pa-

tients’ subjectively perceived movement abilities, might also achieve an objectively 
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measurable improvement in a subgroup of subjects, and thus might serve as a basis 

for novel personalized medicine approaches in CLBP. 
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8 Summary 

In the present work we investigated the effect of an open-label placebo (OLP) inter-

vention over a period of 21 days on pain, self-assessed activities of daily life (ADL) 

- Impairment and motor performance of chronic low back pain (CLBP) patients. To 

our best knowledge, this study is the first to assess the effect of OLP on objective 

characteristics of motor performance, as measured by a motion capturing system, 

in form of Range of Motion (RoM) and Velocity of Motion (VoM). To enable compa-

rability to previous investigations, motion capturing was supplemented by Question-

naires for pain intensity, subjective movement behavior and psychological variables.  

A total amount of n=127 patients were included into motion capturing at pre-assess-

ment. A total amount of n=118 patients completed the motion capturing at second 

time of assessment and n=4 had to be excluded due to interfering artifacts. By 

providing the OLP as an adjunct treatment, it was ensured that all patients suffering 

from CLBP were not restricted in individual procedures within the health problem. 

Statistically significant differences were marked for the perceived level of disability, 

depression and pain intensity of chronic low back pain patients but no differences 

for objective motion capabilities (RoM & VoM). These findings demonstrating statis-

tically significant improvements in subjective/self-reported measures of motion ca-

pacity/disability, pain, as well as depressive symptoms in a group of CLBP patients 

receiving OLP treatment additional to their regular health related routines 

(OLP+TAU) as compared to a group with treatment as usual (TAU).  

As an additional finding the individual pain catastrophizing (at baseline conditions) 

might modulate the beneficial effect of OLP on objectively measurable motion char-

acteristics. Specifically, an improved movement velocity following the OLP treat-

ment was found only in low pain catastrophizers, which might explain the lack of 

significant main effect of OLP-treatment on objective measures. suggest that OLP-

treatment, next to its known beneficial effects on the patients subjectively perceived 

movement abilities, might also achieve an objectively measurable improvement in a 

subgroup of subjects, and thus might serve as a basis for personalized medicine in 

CLBP. 
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ADL Activities of Daily Living 
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ICD International Statistical Classification of Diseases and Related 
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LBP Low back pain 

m. Musculus 

MCS Mental Component Score 
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MRI Magnetic Resonance Imaging 

NSAIDS Non steroidal anti inflammatory drugs 

ODI Oswestry Disability Index 

PCS Physical Component Score, Pain Catastrophizing Scale 

PSFS Patient Specific Functional Scale 

RoM Range of Motion 

SD Standard Deviation 

SOMS Screening for somatoform Disorder 

TAU Treatment as Usual 

VAS Visual Analogue Scale 

VAScomp Composition Score of the Visual Analogue Scale 

VoM Velocity of Motion 
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13 Appendix 

Table 11:  

Behavioral Data t df p-value CI 95% Diff [1]-[0] Cohens d= r 

ODI  2,573700 116,470 0,01132* 0,9299629 7,1407060 4,0353349 0,457 0,232 

BPFS  0,712060 90,763 0,47830 -0,4070133 0,8618473 0,2274170 0,127 0,075 

Depression  2,246800 99,053 0,02687* 0,1549858 2,4972390 1,3261124 0,399 0,220 

Anxiety  1,793300 108,740 0,07571 -0,0996768 1,9936162 0,9469697 0,319 0,169 

Stress  1,680100 115,000 0,09565 -0,2233626 2,7192642 1,2479510 0,299 0,155 

PCS  0,337680 121,330 0,73620 -2,4821570 3,5030560 0,5104493 0,060 0,031 

VAS min  2,178700 112,900 0,03143* 0,0623738 1,3136724 2,0411328 0,387 0,201 

VAS max  2,362500 108,710 0,01993* 0,1326023 1,5141509 1,5333333 0,420 0,221 

VAS mean  1,418500 115,070 0,15870 -0,1885258 1,1397523 0,4756132 0,252 0,131 

VAS comp 2,6494 104,33 0,009317* 0.1666108 1.1580645 0.6623377 0,481  

PSFS  -0,252340 112,250 0,80120 -11,692241 0,9050451 0,1320900 -0,045 0,024 
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Table 12:  

Range of Motion F df Denom df p-value 95% CI Ratio of variance 

Flexion  0,92637 126 117 0,6725 0,6471181 1,3229531 0,9263699 

Extension  1,4264 126 117 0,0523 0,9964471 2,0371131 1,426445 

Lateral- Flexion (l)  0,94453 126 117 0,752 0,6598068 1,3488935 0,9445342 

Lateral- Flexion (r)  0,92797 126 117 0,6794 0,6482325 1,3252313 0,9279652 

Rotation (l)  0,89142 126 117 0,5259 0,622707 1,273048 0,8914247 

Rotation (r) 0,86526 126 117 0,4248 0,6044301 1,2356827 0,8652607 

Table 13:  

Velocity of Motion F df Denom df p-value 95% CI Ratio of variance 

Flexion  0,8417 126 117 0,3422 0,5879743 1,2020407 0,8417036 

Extension  1,1384 126 117 0,4781 0,7952398 1,6257696 1,138411 

Lateral- Flexion (l)  0,68307 126 117 0,0361 0,4771588 0,9754922 0,6830678 

Lateral- Flexion (r)  0,69058 126 117 0,04176 0,4824068 0,9862211 0,6905805 

Rotation (l)  0,79404 126 117 0,204 0,5546755 1,1339656 0,7940354 

Rotation (r) 0,69779 126 117 0,04781 0,4874465 0,9965242 0,697795 
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Table 14:  

Velocity of Motion F df Denom df p-value 95% CI Ratio of variance 

ODI  1.0344 126 119 0.8531 0.7239501 1.4753670 1.034433 

BPFS  1.0835 125 117 0.6615 0.7564745 1.5486670 1.083534 

Depression  1.1255 124 117 0.5189 0.7853316 1.6100091 1.125517 

Anxiety  1.4879 123 116 0.03127 1.036625 2.131638 1.487942 

Stress  1.2799 124 117 0.1783 0.8930626 1.8308686 1.279914 

PCS  1.0064 126 123 0.9722 0.7068415 1.4318331 1.006404 

VAS min  1.0215 124 118 0.9084 0.7133961 1.4602219 1.021467 

VAS max  1.0419 124 118 0.8232 0.7276333 1.4893634 1.041852 

VAS mean  1.0779 124 118 0.682 0.7527893 1.5408543 1.077872 

VAS comp 0.99081 124 118 0.9584 0.6919853 1.4163970 0.9908103 

PSFS  0.49329 126 117 0.0001118 0.3445870 0.7044656 0.4932872 
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Figure 10: Results of the normality testing for Range of motion raw dataset during pre-assessment. 

 

Figure 11: Results of the normality testing for Range of Motion raw dataset during post-assess-
ment. 
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Figure 12 Results of the normality testing for Velocity of Motion raw dataset during pre-assess-
ment 

 

Figure 13: Results of the normality testing for Velocity of Motion dataset during post-assessment. 
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Figure 14: Comparison of the Range of motion (RoM) scores at Post- Measurement with those at 
Pre Measurement for the Open-Label-Placebo-Group (1) and the Treatment as Usual-
Group (0). 
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Figure 15: Comparison of the Velocity scores at Post- Measurement with those at Pre Measure-
ment for the Open-Label-Placebo-Group (1) and the Treatment as Usual-Group (0). 
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Figure 16: Comparison of the Behavioural Scores (Oswestry Disability Questionaire=ODI; Back 
Performance Scale=BPFS; Depression, Anxiety, Stress =DASS) at Post- Measurement 
with those at Pre Measurement for the Open-Label-Placebo-Group (1) and the Treat-
ment as Usual-Group. 
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Figure 17: Comparison of the Behavioral Scores (lowest Pain Intensity during the last two weeks 
=VASmin; highest Pain Intensity during the last two weeks =VASmax, mean Pain Inten-
sity during the last two weeks= VASmean; Pain Catastrophizing Scale = PCS; Patient 
Specific Functional Scale_ PSFS) at Post- Measurement with those at Pre Measure-
ment for the Open-Label-Placebo-Group (1) and the Treatment as Usual-Group. 
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