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Introduction

1 Introduction

Neck pain is a common health problem with one in two people experiencing it at least once in their
lifetime. Complaints of the neck area are often recurrent, non-specific in nature and associated with
both social and occupational disability. For the treatment of chronic courses, clinical practice guide-
lines recommend manual therapies in combination with therapeutic exercise, cognitive-behavioral
methods and complementary treatments such as acupuncture or yoga. In contrast, studies on pain
medication provide evidence particularly in acute and subacute cases. Despite the available treat-
ment options, recurrence rates of neck pain are still high. Reasons may include preferences for pas-
sive treatments, not guideline-compliant drug prescriptions, and the delay of combining treatments

addressing both mechanical complaints and psychosocial risk factors.

Craniosacral Therapy (CST) is a complementary treatment that is thought to integrate both physio-
logical and mental aspects of a patient. CST is a mindful, non-invasive treatment approach using
gentle manual palpation techniques of fasciae between the cranium and sacrum. Initial clinical trials
have shown that CST is effective for selected chronic pain syndromes but evidence is limited to
observational designs and to randomized controlled trials of low to moderate methodological
quality with generally high risk of performance bias. There is likewise only preliminary evidence that
supports the inherent mechanisms of CST treatment techniques. Thus, it remains unclear how CST
might work and whether pain alleviation is caused by: either specific treatment effects or placebo
effects due to nonspecific responses associated with the treatment setting; with observation,
assessment and interaction with the practitioner; or with the patients’ expectations and prior ex-

periences of the treatment.

This study therefore aimed to address the question about specific treatment effects of CST. For this
purpose, a randomized sham controlled trial was developed to control for placebo effects and the
risk of performance bias due to lacking patient blinding. In comparison to an active touch- and
attention-control condition, CST should be tested for its efficacy in the treatment of chronic non-
specific neck pain. Using additional qualitative methods should further contribute to the compre-

hension of therapeutic mechanisms and central domains of treatment response.
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1.1 Neck pain

1.1.1 Theories of chronic pain

Since ancient times, human beings have developed theories of pain to deal with noxious stimuli
they did not completely understand. In most primitive indigenous cultures, pain sensations were
described within a mystical context using paraphrases of demons and spirits as sources for chronic
pain (Maller-Busch, 2007). From Babylonian and Egyptian civilizations to the Christian Middle Ages,
people similarly believed that pain was a god’s judgment for human misconduct. To atone for sins,
priests prescribed religious ablutions, prayers, and sacrifices. Pathophysiological studies of the
human body or attempts at treating symptoms, however, were regarded as blasphemy. Previous
philosophical approaches of Hippocrates, who described pain treatment as a recovery of the har-
mony of the humors and temperaments, were just as negated as the empirical approaches of Celsus
and Galen, who had identified pain (dolor) as a diagnostic indication of local inflammation accom-
panied by heat (calor), redness (rubor), swelling (tumor), and loss of function (functio laesa) (Scott
et al., 2004). Even da Vinci’s anatomical studies and Paracelsus’ entia theory, which integrated
philosophical and astrological as well as alchemistic and physiological approaches, remained un-

published for decades as they contradicted the established doctrine.

With Descartes, pain became a more somatically conceivable phenomenon. Already in 1662, he
postulated peripheral pain transmission to the brain by mechanistic traction of nerve endings
resulting in protective reflexes. He was followed by Bell who discovered the differentiation of
sensory and motor nerves in the spinal cord around 1800 and von Frey who proposed pain as an
independent tactile quality that stimulated specific nerve endings in 1890 (Specificity Theory). In
1900, Goldscheider showed that repeated subthreshold tactile stimulation could be summarized to
a perception of pain (Summation Theory) (Miiller-Busch, 2007). However, as this pain perception
was shown to be non-linear to the noxious stimulation and not exclusively explainable due to pain
conduction from peripheral to central, Melzack and Wall (1965) developed the Gate-Control-
Theory. They presumed that pain was modulated by afferent AS and C fibers as well as efferent
neurons from cortical and subcortical areas causing descending inhibition of nervous conduction
already at the dorsal horn of the spinal cord. The gate was hypothesized within the substantia
gelatinosa where serotonergic and noradrenergic neurotransmitter activated interneurons, which
in turn inhibited pain conduction from the first to the second neuron. In conditions of acute stress,
high emotional arousal or huge injuries, nuclei of the brain stem and hypothalamus were able to

completely mask pain perception via the release of serotonin, adrenalin, cortisol, and endogenous
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opiates. Peripheral inhibition on the other hand was modulated by fast AB fibers that were res-
ponsive to tactile stimuli and wide-dynamic range A fibers that were innervated by noxious and
thermal stimuli (Melzack, 1999; Mendell, 1966). This contributed much to the understanding of the
mechanisms of manual therapies, acupuncture, and thermal treatments, which are shown to inter-
fere with the slower noxious stimuli conducted via C and Ad fibers (Melzack & Wall, 1989; Yu et al.,

2013; Zusman & Moog-Egan, 2008).

The International Association for the Study of Pain summarized these findings into a new definition
of pain. Pain was termed as, “an unpleasant sensory and emotional experience associated with
actual or potential tissue damage, or described in terms of such damage” (Merskey et al., 1994, p.
210). With this definition, pain has become a more subjective perception, which is always asso-
ciated with biological, affective, and social components and acts as a warning sign even if no tissue
damage can be diagnosed. On the contrary, degenerative changes do not linearly relate to pain
perception. Radiographic studies have shown that participants with chronic back pain and osteo-
arthritis have not significantly differed from the respective pain free parallelized control groups, as
degenerative changes are highly prevalent in asymptomatic individuals as well (Boos et al., 1995;
van Saase et al., 1989). The complex interactions of developing and maintaining chronic pain were
first described by Engel (1977). He constructed a virtuous circle with positive feedback effects bet-
ween: focused attention and selective perception (sensory discriminative components), evaluation
(cognitive components), emotional arousal (affective components), sympathetic activation and
hypervigilance (vegetative components), tone increase and protective tension (motor components),
resting/avoiding/enduring reactions and passive coping (behavioral components), lowered pain
thresholds, pain during movement, maladaptive cognitions, helplessness, anxiety/depression, and
sleep problems (operant components), and social withdrawal and loss of positive reinforcement
(social components). This self-sustaining process is modulated by an initial pain trigger, which can
be of clearly physical origin, accumulate due to daily stressors, and/or be associated with traumatic
experiences. As pain is evolutionarily associated with negative valence, nuclei of the formatio reti-
kulis as well as areas of the anterior cingulate cortex assure the direction of attention towards the
potentially dangerous stimuli. Sensory discrimination of pain location and intensity follows the
lateral spinothalamic pathway to primary and secondary somatosensory cortices. Together with
the insula, these areas are responsible for the integration of the different sensory components of
pain perception. The following classification of the painful event as more or less controllable or
threatening is executed by the prefrontal cortex depending on the situational context, the sociocul-

tural background, and the individual learning history (Weiss & Schaible, 2008). As a result, emotions
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like fright, fear, despair, helplessness, or frustration can appear. Such affects are interconnected
very quickly via subcortical pathways, particularly via the spinoreticular tract and medial/intra-
laminar nuclei of the thalamus, to the limbic system including areas of the gyrus cinguli and the
amygdala and further innervations of secondary somatosensory and prefrontal regions, basal
ganglia, and the periaqueductal gray (Weiss & Schaible, 2008). Along with the valence of an emo-
tion, hypervigilance occurs in order to interrupt current behavioral patterns and avoid potential
tissue damage. Respectively to the predominant emotion and the corresponding somatic marker
(Damasio, 1996), hypothalamic structures stimulate the sympathetic nervous system and increase
blood pressure, heart rate, respiration, and the hypothalamic-pituitary-adrenal axis. This state of
increased tension and alertness initializes learned protection responses of fight or flight or, if both
is not possible, freeze reactions (Alban & Pocknell, 2017; Porges, 2001). It can be followed by on-
going avoidance and resting behavior, further increases in myofascial tension and the development
of negative operant and social moderators (Gatchel et al., 2007; Keefe et al., 2004). If no behavioral
changes occur, neurophysiological processes of protection shift more and more towards chronifi-
cation: functional plasticity then becomes structural with sustaining biochemical changes such as
allodynia, primary and secondary hyperalgesia, peripheral and central sensitization accompanied

by vegetative, hormonal, and motor dysfunctions (Tolle & Berthele, 2007; Woolf & Salter, 2000).

1.1.2 Classification and etiology of neck pain

Neck pain is defined as a symptom that may occur in relation to any disorder or disease above the
shoulder blades. According to the Bone and Joint Decade 2000-2010 Task Force on Neck Pain and
Its Associated Disorders the anatomic regions of the neck enclose the area from the linea nuchalis
superior to the spina scapulae, the first thoracic vertebrae and the clavicula (Guzman et al., 2008).
Pathoanatomical causes of neck pain can include osteoarthritis of the spinal joints, disc protrusion
or herniations, trauma, whiplash, osteoporosis, or rheumatic diseases. Less common are tumors of
the neck, infections of the nervous system, neural lesions due to central neuropathies or peripheral
neuralgias, aneurisms, subarachnoid hemorrhages, or epidural hematomas (Childs et al., 2008).
Indications of serious causes of neck pain are subsumed under the red flags including radicular
symptoms, sensory or motor deficits, paresthesia, meningismus, consciousness disturbance, and

headaches with concurrent vomiting, nausea, and vertigo (Scherer & Chenot, 2016).

However, the majority of the patients who present with complaints of the neck area are classified
as having nonspecific/mechanical neck pain as no serious local pathology or systemic disease could

be detected (Childs et al., 2008). Here, a multifactorial etiology is assumed with risk factors that
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increases the probability of developing neck pain and prognostic factors that decreases the proba-

bility of recovery from neck pain.
Socio-demographic factors:

Prospective cohort studies have shown that risk for neck pain development increases with age up
to a peak in middle-age groups of between 35 and 49 and decreases in later life (Hogg-Johnson et
al., 2008). Being in the middle years and having neck pain also seems to be a predictor for persistent
neck pain 12 months thereafter (Hill et al., 2004). Evidence of the relationship between gender and
neck pain varies. While men show partly higher incidence rates of specific neck pain, women have
a greater risk for nonspecific neck complaints and more frequently use health care resources due
to their neck pain (Hogg-Johnson et al., 2008). Cultural influences only appear to be of minor clinical

relevance (Hogg-Johnson et al., 2008).
Prior pain and comorbidities:

A history of neck pain negatively predicted neck pain outcomes at 12 months (Bot et al., 2005; Croft
et al., 2001). Prior low back pain and headaches were also identified as independent risk factors for

the chronification of nonspecific neck pain (Croft et al., 2001; Hill et al., 2004).
Occupational factors:

Working conditions, moreover, can play an important role for neck pain development. Risk factors
include sitting computer work, hard physical work, or working within the health care system (Jun
et al,, 2017; Yang et al., 2015), working more than 46 hours per week (Yang et al., 2015), low work
task variation, high job demands, and competition instead of social support (Cote et al., 2008; Jun
etal., 2017; McLean et al., 2010). Being off work was also found to independently predict persistent
neck pain 12 months later (Hill et al., 2004).

Psychological and social factors:

There is consistent evidence for psychological factors as independent risk and prognostic factors
for chronic nonspecific neck pain (Hogg-Johnson et al., 2008). Particularly as a result of maladaptive
cognitions, pain patients experience helplessness and frequently tend to catastrophize normal
bodily responses. This causes fear often accompanied by passive coping strategies, loss of positive
reinforcements, avolition, hopelessness and depressive mood (Hasenbring et al., 2014; Keefe et al.,
2004). Daily stressors and, with lower quality of evidence, stressful life events were also found to
be linked to neck pain development and chronification (Linton, 2000). Furthermore, fMRI-studies

have shown that in situations of loss, separation, or social exclusion, strong emotional reactions

10
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such as anger or grief are interconnected in approximately the same brain areas as those involved

in physical pain processing (Eisenberger, 2012; Guendel et al., 2003).
Health behavior:

Behavioral factors associated with the chronification of neck pain include avoidance and resting,
often accompanied by bad posture or insufficient physical activity due to fear of re-injury. On the
other hand, neck pain patients tend to endurance behavior along with self-anesthetizing or ignoring
their pain and not seeking professional health care (Bassols et al., 2002; Hasenbring & Verbunt,

2010; Hogg-Johnson et al., 2008; Linton, 2000).
Biochemical factors:

As a result of persistent pain and chronic muscle tension, biochemical changes can lead to plastic
alterations within the neural, fascial, and muscular tissue. The ongoing stimulation of nociceptors
provokes processes of peripheral sensitization and primary hyperalgesia leading to local nerve
inflammation and restricted peripheral blood supply of the neck fasciae and muscles (La Touche et
al., 2010; Le Bars, 2002). This in turn increases fascia and muscle tension (Langevin & Sherman,
2007; Stecco et al., 2014), compresses of nerves and vessels, and contributes to decreased pain
thresholds (Johnston et al., 2008). Prolonged signal currents from peripheral nociceptors to wide
dynamic range neurons of the spinal cord, moreover, can cause central sensitization and expansion
of receptive fields (secondary hyperalgesia) with additional pain perceptions in adjacent areas of
the neck (Woolf & Salter, 2000). Analog neuronal convergences are discussed for viscero-sensory
afferences that refer pain to cervical segments of the spine from distant derma- and myotomes

(Arendt-Nielsen et al., 2008; Henke & Beissner, 2011).

Irrespective of the specific or nonspecific circumstances surrounding the onset of neck pain the
Bone and Joint Decade 2000-2010 Task Force on Neck Pain and Its Associated Disorders proposed

a classification of four grades (Guzman et al., 2008):

1. Grade | neck pain: is associated with no signs or symptoms of major structural pathology
nor minor interference with activities of daily living,

2. Grade Il neck pain: shows no signs or symptoms of major structural pathology,
but major interference with activities of daily living,

3. Grade lll neck pain: shows no signs or symptoms of major structural pathology,
but signs of a neurologic pathology,

4. Grade IV neck pain: presents signs or symptoms of major structural pathology.

11
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The International Statistical Classification of Diseases and Related Health Problems (ICD) and the
associated International Classification of Functioning, Disability, and Health (ICF) classified neck pain

in impairment-based categories (Childs et al., 2008):

1. Neck pain with mobility deficits (ICD-10-M54.2: Cervicalgia and ICD-10-M54.6: Pain
in the thoracic spine),

2. Neck pain with headaches (ICD-10-M53.0: Cervicocranial syndrome),

3. Neck pain with movement coordination impairments (ICD-10-S13.4: Sprain and
strain of the cervical spine),

4. Neck pain with radiating pain (ICD-10-M46.2: Spondylosis with radiculopathy and
ICD-10-M50.1: Cervical disc disorder with radiculopathy).

According to the duration of pain, neck pain is categorized as (Scherer & Chenot, 2016):

Acute neck pain with a duration of 0 to 3 weeks,
Subacute neck pain with a duration of 4 to 12 weeks,

Chronic neck pain with a duration of more than 12 weeks,

> wonN o

Recurrent neck pain with a symptom-free interval of no more than 4 weeks.

1.1.3 Epidemiology and clinical course of neck pain

Neck pain is common. The lifetime prevalence ranges between 14% and 71% suggesting a mean
estimate of 48.5% of the adult population. In surveys of older people, the lifetime prevalence distri-
butes around 17% (Fejer et al., 2006). The peak prevalences is consistently reported around the
fifth decade of life; incidences are still increasing (Childs et al., 2008). It is estimated that between
10% and 21% are newly diagnosed with neck pain each year (Hoy et al., 2010). The global point

prevalence is calculated as 4.9% (Hoy et al., 2014).

Although studies reported a 12 month-recurrence of 33% to 65% in patients suffering from an acute
episode of neck pain, relapse rates are high (Hoy et al., 2010). Similar to low back pain, former neck
pain episodes are predictive of both incidence and prevalence of future neck pain (Hogg-Johnson
et al., 2008). Estimates of the neck complaints that will progress to recurrent or chronic courses
range from 30% to 44% (Childs et al., 2008). Likewise, a systematic review of conservative treat-
ments for chronic neck pain did not find significant reductions in pain scores for patients who were
randomized to the control group receiving no specific treatment (Vernon et al., 2006). Disability
due to neck pain is less common than that for low back pain. However, years lived with disability

have continuously increased from 24 million in 1990 to 34 million in 2010 (Hoy et al., 2014) to 35

12
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million in 2015. Among the 310 diseases analyzed in 2015, neck pain ranked as the second leading
cause of disability in all higher and high-income countries (GBD 2015 Disease and Injury Incidence

and Prevalence Collaborators, 2016).

The economic burden of neck pain affects both direct and indirect costs of illness (Childs et al.,
2008). In contrast to low back pain, patients with neck complaints do not seek health care in acute
and subacute episodes of their neck pain. They tend to endure their neck pain until their symptoms
become chronic (Guzman et al., 2008; Hasenbring et al., 2014). Chronic neck pain cases, however,
significantly contribute to increased healthcare costs and work absenteeism (Cote et al., 2008;

Mesas et al., 2014).

1.1.4 The treatment of neck pain

The treatment of chronic neck pain not associated with serious pathology can be challenging for
both patients and therapists. Chronic neck pain patients often tend to consult multiple physicians,
claim repeated diagnostic testing for supposed pathologic causes, and overdose on analgesic medi-
cation (Bassols et al., 2002; Haldeman et al., 2008). General practitioners similarly tend to prescribe
drugs as the first-line therapy: beside non-steroidal anti-inflammatory drugs, even muscle relaxants
and corticosteroids (Bassols et al., 2002; Vos et al., 2007), although the evidence on their clinical
effectiveness and safety is inconsistent (Chou et al., 2004). Thus, the Bone and Joint Decade 2000-
2010 Task Force on Neck Pain and Its Associated Disorders suggested focusing on modifiable risk
and prognostic factors, in particular work, psychosocial and behavioral factors (Hogg-Johnson et al.,
2008) rather than on passive strategies that are more likely associated with further chronification

(Childs et al., 2008; Wong et al., 2016).
Standard treatments:

Clinical practice guidelines recommend oral drug treatment with nonsteroidal anti-inflammatory
drugs for acute and subacute stages of nonspecific neck pain (Cote et al., 2016; Scherer & Chenot,
2016). Systematic reviews have shown safety and superiority compared to placebo (Wong et al.,
2016). However, clinical relevance remains questionable, as nonsteroidal anti-inflammatory drugs
were not found to be superior to any other non-pharmacological intervention for nonspecific neck
pain (Hurwitz et al., 2008). Injections with local anesthetics also showed significant effects when
compared to placebo (Peloso et al., 2007) but are not recommended by recent clinical practice

guidelines because of possible serious adverse events (Scherer & Chenot, 2016).

13
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Manual therapies such as manipulation and mobilization of the cervical and thoracic spine are
recommended for acute, subacute, and chronic nonspecific neck pain cases (Childs et al., 2008;
Scherer & Chenot, 2016). They appear to be more effective than sham treatment and showed grea-
ter short-term but no longer-term improvements in contrast to exercise sessions (Gross et al.,
2015b; Hurwitz et al., 2008; Vincent et al., 2013). Combining manual therapies with therapeutic
exercise revealed greater effects on neck pain intensity and disability than manipulation and mobi-
lization alone (Cote et al., 2016; Hurwitz et al., 2008) and should be considered before prescribing
drugs (Kjaer et al., 2017). With some limitations, clinical massage is also recommended for chronic
nonspecific courses of neck pain, while relaxation massage is not (Cote et al., 2016; Kong et al.,

2013; Patel et al., 2012).

The evidence on exercise alone varies (Gross et al., 2015a). Therapeutic range of motion and streng-
thening exercises were found to be effective in chronic neck pain patients up to two years after the
intervention (Hurwitz et al., 2008). Workers who regularly exercised also showed better prognoses
for recovery from neck pain (Cote et al., 2008). However, evidence from the general population
suggested that physical activity may not be associated with decreased neck pain (Carroll et al., 2009)
or may even lead to chronification in individuals with subacute neck pain who persist in performing
strenuous physical exercises (Hasenbring et al., 2015). Thus, clinical practice guidelines recommend
exercise as one component of multimodal care but conclude that physicians should not prescribe

exercises as a single intervention for patients with chronic nonspecific neck pain (Cote et al., 2016).

International clinical practice guidelines also recommend psychological interventions as part of a
comprehensive rehabilitation program for patients with chronic nonspecific neck pain (Cote et al.,
2016; Scherer & Chenot, 2016). As single treatments, patient education, relaxation, and cognitive-
behavioral therapy have shown inconsistent evidence (Gross et al., 2012; Monticone et al., 2015;

Shearer et al., 2016).
Complementary therapies:

Patients with neck pain frequently use complementary therapies particularly to treat recurrent or
chronic complaints (Clarke et al., 2016). Patients with acute episodes of neck pain more often
request conventional primary care (Woodhouse et al., 2016). Clinical practice guidelines likewise
recommend complementary treatments like acupuncture (Hurwitz et al., 2008; Scherer & Chenot,
2016), gigong exercises, or yoga (Cote et al., 2016) for chronic, but not for acute, nonspecific com-
plaints of the neck. A recent meta-analysis found preliminary evidence that acupuncture is moder-

ately more effective than no treatment (Furlan et al., 2012). However, results from acupuncture

14
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trials have shown high heterogeneity and often high risk of bias, also leading to negative recom-
mendations (Cote et al., 2016). Evidence for gigong bases on two low risk of bias randomized
controlled trials and confirms that gigong has greater benefits than waitlist (Southerst et al., 2016).
A meta-analysis of yoga in chronic nonspecific neck pain patients revealed robust evidence for
short-term effects of yoga in comparison to enhanced usual care for pain intensity, impairment,
mood, and quality of life (Cramer et al., 2017). Patients who sustained yoga practice could even

achieve long-term effects of up to twelve months (Cramer et al., 2013b).

Further complementary treatment approaches that showed preliminary positive effects in chronic
nonspecific neck pain patients included cupping (Lauche et al., 2013), Alexander Technique in com-
parison to usual care but not to local heat application (Lauche et al., 2016; MacPherson et al., 2015),
meditation (Jeitler et al., 2015), and individualized but not standardized osteopathy in comparison
to sham (Klein et al., 2013; Schwerla et al., 2008). Physical therapists, asked about their perception
of effective complementary approaches for the treatment of chronic pain conditions, most fre-
quently recommended acupuncture, reflexology, aromatherapy, and Craniosacral Therapy (CST)

(Hughes et al., 2011).

1.2 Craniosacral Therapy

1.2.1 Roots and rationale

CST has its origin in osteopathy, initially developed by A.T. Still (1828 — 1917). After the death of
three of his children, he began to investigate the human anatomy and physiology seeking causes of
disease beyond those provided by the conventional medicine of his day (Trowbridge, 1991). Still
describes disease as an expression of the body’s restricted ability for self-regulation. By manipu-
lating physical structures, he intended to correct acquired dysfunctions, which in turn, he believed,
would enhance self-regulating bodily forces. With this salutogenic approach Still proposed a differ-
ent philosophy to the equally upcoming, but more pathologically focused model of chiropractic care

(Trowbridge, 1991).

W.G. Sutherland (1873 — 1954), one of Still’s students, proposed the cranial concept in osteopathic
medicine. In his early heuristic studies, he observed inherent movements of the cranial bones and
concluded that the hypothesis of the ossification of the sutures of the adult skull has to be wrong
(Magoun, 1997). This contradicted the scientific consensus of the British and American anatomical
associations. However, in 1923, Italian anatomists had already postulated the immobility of the

cranial sutures as a pathological abnormality rather than as a developmental step (Testut & Sperino,
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1923, quoted from Upledger & Vredevoogt, 1983). Newer histological studies, reviewed by Green
et al. (1999), revealed supportive evidence for Sutherland’s concept of cranial bone mobility
although it is noted that its therapeutic impact remains questionable. The authors also reviewed
studies examining different tidal rhythms of the cerebrospinal fluid, a further observation of Suther-
land’s research. They deduce that: current evidence supports the ability to measure craniosacral
rhythms or impulses distinctly from other body rhythms such as respiration or cardiac activity using
encephalogram, myelogram, and magnetic resonance imaging (Green et al., 1999). Sutherland des-
cribed these rhythms as a function of the mobility of the brain and spinal cord, the fluctuation of
the cerebrospinal fluid, the mobility of the dural tube as well as of the mobility of the cranial bones

and the sacrum between the ilia (Magoun, 1997).

Inthe 1970s, J.E. Upledger (1932 —2012) in turn observed a pulsation of the spinal dural tube during
a tumor removal surgery. He reported that he was unable to interrupt the rhythmic motion, which
complicated the operation. At that time, none of the treating neurosurgeons had an explanation
for this anomaly. Upledger then participated in a cranial osteopathy training and was shown to
palpate the motion of the cranial bones, which reminded him of the pulsation of the dural tube, he
observed during the surgery a few months before (Upledger, 1997). He continued to research the
craniosacral rhythms and the related fascial system and established CST as a treatment approach
distinct from osteopathy in 1983. While both the craniosacral and the osteopathic concept utilize
gentle manual palpation techniques to release restrictions of the myofascial and skeletal system,
one of the biggest differences consists in the way of dealing with tissue resistance (Upledger &

Vredevoogt, 1983).

Osteopathic medicine usually consists of forced mobilization and manipulation techniques, whereas
CST techniques aim to be more non-invasive by touching not exceeding tissue resistances (KuleRa,
2017). Too invasive therapeutic stimuli are thought to reinforce existing and provoke protective
resistances, which may inhibit adaptive physiological processes. In 1899, the psychologist R. Arndt
and the pharmacologist H.P.F Schulz described similar processes. Based on Paracelsus’ “sola dosis
facit venenum” (“the dose makes the poison”) the Arndt-Schulz rule stated that for any substance:
small doses stimulate self-regulation, moderate doses inhibit self-regulation, and large doses ter-
minate self-regulation (Stumpf, 2006). Newer research on somato-autonomic reflexes, which des-
cribes associations between somatic stimulation and alterations in the autonomic nervous system
(Uchida & Budgell, 2009), may contribute to the understanding how invasive manual techniques
might inhibit regulative physiological processes and promote symptom chronification. It is assumed

that straining a muscle beyond the normal degree of tissue resistance is a physical stressor in itself.
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It will result in sympathetic activation and increased muscle tension in preparation for a subsequent
stimulus. Conduction via subcortical pathways to the brain then mediates whether or not this stres-
sor is interpreted as a positive training impulse or a potential risk of repeated injury and pain. Upon
further strain or stretching, chronic pain patients, in contrast to healthy individuals, habitually res-
pond with further increasing sympathetic arousal (Kingston et al., 2014), while muscle tension tem-
porarily decreases. Giving up muscle resistance during high neural arousal, however, is associated
with a parasympathetic immobility or freeze response (dorsal vagal mode) rather than parasympa-
thetic relaxation (ventral vagal mode) (Keay et al., 2000; Porges, 2001) and the experience of not
being adequately prepared against the external stressor. With repeated manipulation, muscle tissue
can become pathologically tense. The texture of fasciae was discussed as an additional factor that
might contraindicate manipulative techniques. Beside its proprioceptive properties and key role in
preparing for muscular activity (Benjamin, 2009; van der Wal, 2009), the continuity of fascia also
between distant body regions makes them less flexible than muscle fibers and more vulnerable
against micro injuries and inflammation, fibrosis and rigidity (Chaudhry et al., 2007; Langevin &
Sherman, 2007; Stecco & Day, 2010). Even Cochrane reviews have shown greater short-term than
long-term effects for various manipulative therapies (Gross et al., 2015b; Walker et al., 2011).
Upledger, on the other hand, developed several indirect palpation techniques anatomically linked
to the ventral vagus in order to support the patient’s body to switch into the relaxing parasympa-
thetic mode. This should foster oxytocin secretion and feelings of being safe, settled and calm
(Morhenn et al., 2012; Porges, 2001). He further used gentle fascial traction, release, and unwinding
techniques that follow, but did not break, tissue resistances. This should promote the body’s experi-
ence of release as a successful concept in dealing with pain (Minasny, 2009; Upledger & Vredevoogt,

1983).

The second difference from osteopathy is the idea of not limiting diagnostic and therapeutic pro-
cedures to the physical body but integrating emotional aspects as well. Upledger developed his
approach of somato-emotional release during his work with autistic children (Upledger, 1990).
When the children were relaxed and gravity was removed by gently holding their limbs, he observed
spontaneous involuntary bending, rotating, and unwinding motions of the respective body parts in
rhythmic or chaotic patterns (Minasny, 2009), often accompanied by rapid eye movement and deep
breathing (Bertolucci, 2008). If Upledger followed through these motions without fostering them,
he often observed a kind of terminal point where the treated limbs stopped moving. At this point,
the children usually responded with relaxation of fasciae and muscles, often accompanied by emo-

tional release conveying fear, frustration, or anger. Afterwards, the autistic children showed more
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peaceful facial expressions, more social contact and less self-destructive behavior (Upledger, 1990).
In his work with adults, Upledger described emotional release during specific body postures. These
often coincided with emerging memories of initial physical traumata (Upledger, 1990). Recent basic
research on suppressed emotions and state-dependent memories (Anderson et al., 2004; Depue et
al., 2007) provide preliminary support for Upledger’s theory of somato-emotional release. Thus,
emotional memories could be triggered much easier by similar than any other circumstance or
posture, by which they had been originated. As Upledger (1990) was aware that exposing a patient
to conditions related to an initial trauma is potentially re-traumatizing, he emphasized the need to
simultaneously treat the patient’s nervous system, decrease the sympathetic hyperarousal and
establish a safe environment for ventral vagal activation according to Porges (2001). With this
technique, Upledger described having achieved a sustaining release of muscle tone and protective
tension in addition to emotional re-organization — two processes that he considered as being often

mutually dependent in patients with chronic or recurrent pain (Upledger, 1990).

1.2.2 Evidence of craniosacral mechanisms and clinical effectiveness

The first scientific review and critical appraisal of the evidence on CST was published in 1999 by
researchers at the University of British Columbia, Canada (Green et al., 1999). This Health Tech-
nology Assessment found evidence from nine histological studies that supported the mechanisms
of cranial bone motion; and from eleven studies conducted outside the field of complementary
medicine that measured different rhythmic craniosacral flow patterns by encephalogram, myelo-
gram, and magnetic resonance imaging. However, the quality of evidence showing any relation
between bone restrictions or pathophysiological rhythmic fluid activity and health outcomes was
considered very week. In addition, the authors could not found any reliability of different exami-
ners’ assessments of craniosacral fluid patterns (Green et al., 1999). In contrast, newer studies have
revealed preliminary evidence for significant intra-class correlation coefficients for examiners palpa-
ting the same anatomic structure but equally poor to nonexistent inter-examiner reliability for

simultaneous palpation of the head versus the sacrum (Halma et al., 2008; Moran & Gibbons, 2001).

With respect to the use of complementary therapies in patient populations, only a few epidemiolo-
gical surveys initially searched for CST. Studies from the United States and the United Kingdom
reported CST use in patients with musculoskeletal complaints of the back and neck, headaches and
migraine, dizziness and tinnitus, gastrointestinal disorders as well as stress-related and mental
problems like depression and anxiety (Harrison & Page, 2011; von Peter et al., 2002). Further exami-

nations found that CST is frequently sought by parents to treat their children’s complaints. Highest
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rates of use are reported for neurological infants, followed by respiratory, oncological, allergic, and
gastroenterological pediatric diseases (Hurvitz et al., 2003; Low et al., 2008). United Kingdom NHS
cancer centers (Gage et al., 2009) and Swiss psychiatric university hospitals (Stocker, 2009) has
established treatment concepts that integrate CST as a complementary approach to conventional

care.

The effectiveness of CST in improving pain intensity and health-related quality of life has been
shown for a number of chronic pain syndromes, but is limited to observational designs and rando-
mized controlled trials with only low to moderate methodological quality (Green et al., 1999; Jikel
& von Hauenschild, 2012; Tan et al., 2007). Beside the overall unclear risk of selection and detection
bias due to poor reporting, the risk of performance bias remains high for all of the reviewed studies,
as patients were not blinded to treatment allocation. This raises the question about the extent of
specific treatment effects of CST, also because non-pharmacological therapies are shown to induce

greater placebo effects than single drug treatments (Hrobjartsson & Gotzsche, 2010).

1.3 Research subject

Recent placebo research on CST is mainly limited to non-manual sham conditions using ineffective
physical devices (Castro-Sanchez et al., 2011; Mann et al., 2008; Mataran-Penarrocha et al., 2011).
Secondary analyses of these non-manual sham interventions in comparison to CST did not reveal
comparable levels of expectancy (the patients’ preconceptions about theirimprovement from treat-
ment) nor credibility (the patients’ beliefs about the treatments’ rationale for managing their con-
dition) (Curtis et al., 2011). This may decisively impact effect sizes, as several pain studies have found
that higher values of both expectancy and credibility significantly predict higher improvements on
study outcomes (Kalauokalani et al., 2001; Myers et al., 2008; Smeets et al., 2008). Likewise, the
interaction between patient and practitioner has been shown to influence the overall treatment
effect depending on how the patient rated the alliance quality (Goldstein et al., 2002). When using
an ineffective physical device, controlling for effects of attention, empathy, and even touch is not

feasible.

A valid placebo for randomized controlled trials should therefore mimic CST with regards to treat-
ment duration, frequency, procedure, and therapist attention (Miller & Kaptchuk, 2008; Price et al.,
2008; Staud, 2011). To control for mechanisms of classical and operant conditioning, patients’ levels
of expectancy and credibility should be assessed and included in statistical analyses as well

(Benedetti et al., 2003). Sham designs for manual therapy trials used several forms of manual
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placebos including gentle manipulation, effleurage, soft tissue massage, or mild acupressure (Ernst
& Harkness, 2001; Hawk et al., 2005; Noll et al., 2004; Vernon et al., 2005; Yeung et al., 2012). In a
CST asthma study, a light touch sham treatment has been used but not been tested as credible

(Mehl-Madrona et al., 2007).

For patients suffering from chronic neck pain, no efficacy studies have been conducted to date,
although neck and back pain are the most frequent complaints for which CST is requested (Harrison
& Page, 2011). Therefore, we developed a two-arm randomized controlled design for patients with
chronic nonspecific neck pain that compared CST to light touch sham treatment. We tested it for
its credibility and success in blinding patients to group allocation, which should allow analyzing
specific CST treatment effects in contrast to those of an active touch- and attention-control con-
dition. In addition, we used qualitative methods to investigate therapeutic mechanisms of CST and

central domains of the treatment response.
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2 Methods

2.1 Trial design and registration

The study was designed as a randomized controlled mixed-methods trial in accordance with the
CONSORT (Schulz et al., 2010) and COREQ (Tong et al., 2007) guidelines. After baseline assessment,
patients were randomized into either the CST group or an active attention-control group receiving
light-touch sham treatment. Outcome measures were collected at week 8 after randomization
(post intervention) and week 20 after randomization (3-month follow-up). The trial was conducted
between February 2012 and May 2013 at the Department of Internal and Integrative Medicine,
Kliniken Essen-Mitte, University of Duisburg-Essen, Germany. Before patient recruitment, the trial
protocol was approved by the ethics committee of the University Hospital Essen, Germany (11-
4850-B0), and registered at ClinicalTrials.gov (NCT01526447). No external funding was received for
this study.

2.2 Randomization

A statistician, who was not involved in conducting the study, generated a non-stratified random
allocation sequence with randomly varying block lengths using the random number generator
RANUNI from the SAS/STAT software (release 9.2, SAS Inc.). On the basis of these random number
tables, he prepared sealed and opaque envelopes sorted in the ascending order of randomization.
To reveal the patients’ group assignment, the envelop with the lowest number was opened directly
after each baseline assessment by the trial coordinator who was neither involved in the random

sequence generation nor in the assessment of study outcomes.

2.3 Sample criteria

Patients were recruited from specialist care, primary care, and non-care populations through adver-
tisements. To assess eligibility, those who called in were screened by a research assistant, where-
upon eligible patients obtained written study information and a physical and neurological examina-
tion by a study physician. If all eligibility criteria were met, patients had to give written informed
consent and were included in the study. Inclusion criteria were: age between 18 to 65 years, chronic
nonspecific neck pain for 3 months or more with a moderate pain intensity of at least 245 mm on
a 100-mm visual analog scale (VAS) ranging from 0 (no pain at all) to 100 (worst possible pain)
(Jensen et al., 2003), and treatment naivety with respect to CST. Participation was not possible in

cases of specific neck pain due to degenerative diseases (disk prolapse, scoliosis), inflammatory
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diseases (spondylitis, arthritis), neurological diseases (neuropathy, multiple sclerosis), physical trau-
mata (whiplash, operation of the cervical spine), or neoplasms of the spine. Severe comorbid soma-
tic and psychiatric disorders such as oncological diseases or major depression and current preg-
nancy were exclusion criteria, too. Patients taking corticosteroids, opiates, muscle relaxants, anti-
depressants, or those with recently initiated or modified drug therapy or invasive/manipulative

treatment were also excluded.

The sample size was calculated from pain intensity ratings of chronic nonspecific neck pain patients
receiving osteopathic manipulative treatment (Schwerla et al., 2008) using the G*Power software
(release 3.1.3, Kiel University, Germany). To detect an expected group difference with a standard
deviation (SD) of 1.73 £+ 2.16 on a 10-point numeric rating scale (effect size of 0.84) with 80% of
power, a two-sided t-test with a 5% significance level required 24 patients per group. To account
for a possible loss of statistical power due to patient dropout of 10%, a total sample size of 54 was
calculated. For the qualitative analyses, a consecutive sampling strategy was chosen including all

accessible subjects of the CST group that agreed to participate in the interview (Gibbs et al., 2007).

24 Blinding

Firstly, patients were blinded to group allocation and to the fact that one group would receive sham
treatment, as recommended for manual therapy trials (Bialosky et al., 2011); instead they were told
that different CST approaches would be tested. Secondly, outcome assessors remained blind to
patients’ group allocation during the whole study period. Thirdly, the statistician who conducted

guantitative analyses was blinded to group allocation by renaming groups with numbers.

2.5 Interventions

For both groups, standardized treatment protocols comprised eight individual units of CST or sham
treatment once a week lasting 45 minutes each (Mann et al., 2008). All patients received an initial
structural CST examination including: assessment of recent symptoms, general and local listening
for connective tissue restrictions, and evaluation of the craniosacral rhythm. Treatment steps were

recorded by therapists using a structured log.

The CST protocol was designed to release palpated restrictions of the cranium and the spine up to
the pelvis and the sacrum using standardized application of gentle fascial traction, release, and
unwinding techniques in accordance with the respective palpated restrictions (Koes, 2004; Mann

et al., 2008). Selected CST techniques included: frontal and parietal lift, medial compression of the
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parietal bones, compression-decompression of the sphenobasilar and the temporomandibular
joints, release of the sagittal suture and the atlanto-occipital joint, cranial base release, release of
the hyoid diaphragm and the thoracic inlet, dural tube traction, respiratory and pelvic diaphragm
release, lumbosacral and sacroiliac decompression, and fascial unwinding of the neck and
shoulders. Still point induction, a technique to temporarily suspend the craniosacral rhythm, com-
plemented the CST protocol (Minasny, 2009; Upledger & Vredevoogt, 1983). If indicated, dialog
techniques for increasing body awareness and assisting the process of somato-emotional release

were used (Upledger, 1990).

The sham protocol was designed to be credible but not specifically effective. Therefore, light touch
was applied on standardized anatomic areas equal to those treated with CST, for 2 minutes duration
each (Mehl-Madrona et al., 2007; Noll et al., 2004). In addition, body awareness instructions were

given to simulate CST dialog techniques.

2.6 Practitioner characteristics

In contrast to other CST studies (Mann et al., 2008; Mataran-Penarrocha et al., 2011), more than
one therapist took part in treating patients, despite the fact that weak inter-rater reliability has
been reported for craniosacral assessment techniques (Hanten et al., 1998; Moran & Gibbons,
2001; Sommerfeld et al., 2004). The multi-therapist design was chosen with respect to higher gene-
ralizability, intending to evaluate the therapy effect, not the therapist effect. Thus, three prac-
titioners were selected to perform the CST treatments and one additional therapist for the sham
treatments. All were female, licensed CST therapists with on average 6 years of clinical practice.
Moving patients between therapists was not envisaged, because of possible dilution of study

effects (Mehl-Madrona et al., 2007).

2.7 Outcome measures

The primary outcome was average pain intensity during the last 7 days, recorded on a 100-mm VAS
at week 8 (Hjermstad et al., 2011). Secondary outcomes included: pain on movement, pressure pain
sensitivity, neck pain-related disability, health-related quality of life, well-being, anxiety, depres-
sion, stress perception, pain acceptance, body awareness, patients’ global impression of improve-

ment, and safety.

To assess pain on movement, patients filled in the Pain on Movement Questionnaire and were asked

to rate their pain intensity on a 100-mm VAS while flexing, extending, laterally flexing, and laterally
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rotating their head. The average pain score was then calculated from all movement directions
(Lauche et al., 2014b). Pressure pain sensitivity was measured at the individual point of maximum
pain and bilaterally at anatomically predefined sites (levator scapulae, trapezius and semispinalis
capitis muscle). For these points, pressure pain thresholds (PPT) were determined 3 times each
using a digital algometer (Somedic AB, Hérby, Sweden) with a 1-cm? cylinder. Pressure was applied
in steps of 40 kPa/s until patients reported pain in addition to pressure (Cramer et al., 2013c;
Johnston et al., 2008). Functional disability was assessed using the Neck Disability Index (NDI), a
10-item questionnaire that measures the disabling effect of neck pain on activities of everyday life.
Scores of < 9 indicate no perceived disability, 10 to 29 mild disability, 30 to 49 moderate disability,
50 to 69 severe disability, and 70 to 100 complete disability (Cramer et al., 2014). Health-related
quality of life was assessed on two subscales, physical and mental quality of life, using the 12-item
Short Form Health Survey (SF-12). Subscales were standardized to a mean of 50 + SD of 10 and a
range of 0 to 100, with 0 indicating the lowest level and 100 the highest level of health (Jenkinson
et al., 1997). Well-being was measured by the mean score of the 16-item Questionnaire for Asses-
sing Subjective Physical Well-being (FEW), which assessed stress resilience, vitality, inner peace,
and the ability to enjoy on a rating scale of O (strongly disagree) to 5 (strongly agree) (Albani et al.,
2006). Anxiety and depression were measured using the Hospital Anxiety and Depression Scale
(HADS). Each subscale is composed of seven items with a maximum of 21 points. Scores below 8
indicated anxiety and depression levels within normal levels, 8 to 10 points indicated subclinical
levels, and over 10 points a possible clinical disorder (Herrmann, 1997). To assess stress perception,
patients obtained the Perceived Stress Questionnaire (PSQ) in the 20-item version ranging from 0
(lowest stress level) to 100 (highest stress level) (Fliege et al., 2005). Pain acceptance was measured
by the mean score of the Positive Life Construction Scale of the Emotional/Rational Disease Accep-
tance Questionnaire (ERDA) comprised of 8 items that have to be answered on a rating scale from
1 (does not apply at all) to 4 (applies very much) (Bissing et al., 2008). Body awareness was
measured by the Scale of Body Connection, which is composed of two subscales: body awareness
and body dissociation. Results are displayed as means ranging from 0 (lowest body awareness/
dissociation) to 4 (highest body awareness/dissociation) (Price & Thompson, 2007). Patients’ ratings
of their Global Impression of Improvement (PGI-I) were assessed on a rating scale from 1 (very much

improved) to 7 (very much worse) (Guy, 1976; Hudson et al., 2009).

Safety assessment was ensured by a study physician and the treating therapists who documented
all adverse events. Patients were asked at the beginning of each treatment unit and at week 8 after

the intervention about the frequency and the severity of adverse events. In addition, patients were
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requested to document adverse events as well as concurrent treatment and medication use in a
daily log. Adverse events were defined according to the Good Clinical Practice Guidelines as any
untoward medical occurrence in a treated patient and which does not necessarily have a causal
relationship with the examined treatment (European Medicines Agency, 2002). Serious adverse
events were defined accordingly as any untoward medical occurrence that require inpatient hospi-

talization, resulted in significant, life-threatening disability or death.

Moreover, treatment expectancy and credibility were assessed by the adapted Credibility/Expec-
tancy Questionnaire (CEQ) (Devilly & Borkovec, 2000; Smeets et al., 2008) with a rating scale from
1 (not at all) to 9 (very much). Three of the originally six items were selected to measure: treatment
expectancy, consistency of the treatment and willingness to recommend the treatment to a friend
(Curtis et al., 2011). A post hoc principal component analysis confirmed the original two-factor
solution, which confirmed for the expectancy item higher loadings on the factor treatment expec-
tancy (0.99); and for the consistency and recommendation items higher loadings on the factor treat-
ment credibility (0.96 for both items) (see appendix). While patients’ expectancy of clinical improve-
ment from CST was assessed before randomization, credibility items were part of the post inter-
vention assessment. At week 8, patients were also administered the Helping Alliance Questionnaire
(HAQ) (Luborsky et al., 1996) to evaluate the quality of the relationship between patient and
therapist and control for attention effects. It comprised of a valid and reliable adaption of 11 items
that were answered on a rating scale from 1 (strongly disagree) to 6 (strongly agree) (Bassler et al.,
1995). Values were summarized to two subscales: quality of the therapeutic alliance and treatment

satisfaction. To assess the compliance with the

allocated treatment, the number of the atten- /,,/~\
/
ded units and the reasons for non-attendance g /]

were recorded.

Qualitative outcomes were assessed by semi-
structured interviews (Mayring, 2002) on the
basis of body image drawings (Figure 1) (Cramer /!
et al., 2013a). Patients were asked to complete

the missing body outlines and areas of pain and

tension as perceived during a short guided ima- uﬂ \ , /
I /
gery of the neck and upper back both before
and after the 8 weeks of treatment. Figure 1. Template of the body image drawing
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Table 1. Semi-structured interview guide

Topic Main questions Further questions
Drawings — I'would like to invite you to describe — What meaning do you ascribe to
your present drawing. the colors you used?

— To what extent do you see similarities — To what extent do these differences
and differences in comparison to your have clinical relevance for you?
drawing before the CST treatment?

Pain and To what extent did you perceive — When did you recognize these
related changes in your pain intensity or pain changes for the first time?
physical perception after the CST treatment? — How do you perceive your neck
responses To what extent did you perceive area right now?
further physical responses to CST
treatment?
Changes in How did you perceive your neck area — To what extent have you perceived
body in relation to other body parts before further changes in the way your body
perception treatment? feels?
How far has this relation changed?
Effects on To what extent did you experience — To what extent did you experience
mood and changes in your mood during or after strong emotions such as crying, fear
mind the treatment with CST? or happiness?
To what extent did the treatment — To what extent did you experience
affect your mind/your way of thinking autobiographical memories during
about yourself and your chronic pain? the therapy?
Behavioral To what extent have you learnt new — To what extent have your coping
implications strategies for dealing with your pain? strategies changed up to today?
Socio- To what extent have you experienced — To what extent have your relatives
economic changes in your family/social life or noticed changes due to the CST
burden at work? treatment?
Safety To what extent did you perceive CSTas  — How would you assess those side
unpleasant or painful? effects in relation to the treatment
effects?
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Subsequent to the second drawing at week 8, CST patients were interviewed according to a pre-
viously developed interview guide (Table 1) on the meaning and contrasts of the drawings and the
effects of CST on pain intensity and perception, and related physical, mental, behavioral, social, and
economic outcomes. Additional open-ended questions on each topic were optional. Interviews
were conducted face-to-face by a female psychologist with advanced training in qualitative research

methodology and experiences in CST.

2.8 Data analysis

All quantitative analyses were based on the intention-to-treat population including all patients
initially randomized, regardless of whether they had missing data or had not fully adhered to the
treatment protocol. For randomized trials, intention-to-treat analysis is recommended over a per-
protocol analysis as it controls for systematic bias, for instance due to withdrawal of patients with
less positive treatment effects or increased adverse events (Moher et al., 2001). Missing values
were imputed 20 times using fully conditional specification iterations, a multiple imputation tech-
nique based on multivariate regression models of baseline values and sociodemographic parame-
ters (Schafer, 1997; White et al., 2011). Dropout analyses and baseline comparability were analyzed
using independent-samples t-tests for continuous data and chi-squared tests for categorical data.
Data on concurrent use of analgesics were converted into defined daily doses (DDD) (WHO
Collaborating Centre for Drug Statistics Methodology, 2013) and analyzed using repeated measures
analysis of covariance with the treatment group as the classified factor and patients’ expectations
as the linear covariate. Use of other concurrent treatments was analyzed descriptively. Patients’

compliance with the respective study condition was analyzed by independent samples t-tests.

The primary outcome was analyzed as a function of the treatment group (classified factor), patients’
expectations, and respective baseline values (linear covariates) using univariate analysis of cova-
riance. Between-group differences (A) and 95% confidence intervals (Cl) were estimated using
two-sided t-tests, and an alpha level of 5%. Equal covariance models were applied for secondary
outcomes and patients’ global impression of improvement, which is often considered as a catego-
rical variable but has already been analyzed as a continuous scale (Twiss et al., 2007). All secondary
analyses were planned as exploratory analyses. This way, no alpha-level adjustment for multiple
testing was necessary (Feise, 2002). For each outcome, standardized effect sizes (Cohen’s d) were
calculated by dividing estimated group differences by the pooled SD at baseline (Cohen, 1988). In
addition, responder analyses were calculated for patients who improved by at least 20% of their

respective baseline values (minimal clinically important difference) and for patients with at least
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50% improvement (substantial clinical benefit) (Dworkin et al., 2008; Kovacs et al., 2008). Between-
group differences for treatment response analyses were tested with chi-squared tests. Data on

tolerability and safety were analyzed descriptively.

To test the credibility of the sham protocol, a non-stepwise logistic regression model (enter method)
was applied on the group variable with treatment expectancy, treatment consistency, treatment
recommendation, alliance quality, and treatment satisfaction as independent continuous predic-
tors. Adjusted odds ratios (AORs) and 95% Cls were calculated to assess whether treatment group
could be predicted from included variables. The Hosmer-Lemeshow goodness-of-fit test was used
to assess how well the chosen model fits the data. Logistic regression was carried out on both the
per-protocol dataset (all cases with complete data) and the pooled dataset (intention-to-treat

population). Quantitative analyses were performed using the SPSS software (release 22.0, IBM).

Interviews were audio-recorded, anonymized and professionally transcribed verbatim. Qualitative
data were coded independently by three coders using MAXQDA software (Version 11.0.9, VERBI).
As a first analysis, word frequencies were calculated across all transcripts by excluding interviewer
sections and irrelevant words in patients’ quotes. Graphical execution was realized using WORDLE™
software. Codes were then summarized to themes and subthemes, paraphrased and translated into
English by an interdisciplinary interpretation group of physicians, psychologists, physical therapists
and cultural scientists using inductive qualitative content analysis (Mayring, 2002). An inductive
approach is thereby characterized by identifying themes that are related to the interview data
themselves. Each theme was finally linked-back to the patient’s original quote, by use of the
patient’s randomization number and the cited paragraph within the respective transcript. As no
back-translation from English to German was performed (ideally accomplished by an external
translator who has not been involved in the analysis process), cited original German quotes can be

found in the appendix as well.
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3 Results

3.1 Patient Recruitment and Flow

Figure 2 shows the Consort flow chart of patient recruitment and loss during the study period. Out
of 150 prospective patients, 96 had to be excluded because they either did not fulfill the eligibility
criteria (n =86), or for reporting scheduling problems (n =5). In total, 54 patients were randomly
allocated to the treatment groups. Whereas four patients from the CST group and eight patients
from the sham group did not attend all treatment units provided, only three patients were lost to
assessment at week 8. Reasons for dropout were scheduling problems and loss of interest. At week
20, seven patients dropped out due to scheduling problems, and two others made no further
contact. Comparisons of patients who completed the study with those who were lost to week 8 and
week 20 revealed no significant differences concerning their social demographics, neck pain charac-
teristics, and treatment expectancy (p = .05) (Table 2). The subsample for the qualitative analyses
included n = 20 of the 27 patients of the CST group. Compared to the seven withdrawn patients,
also no significant differences in social demographics, neck pain characteristics, or treatment expec-

tancy were found (p 2 .05) (Table 3).

[ Assessed for eligibility (n=150) ]
Excluded by telephone screening (n=91)
Excluded by enrollment visit (n =5)
[ Randomized (n=54) ]
[ [
[ Allocated to Craniosacral Therapy (n=27) ] [ Allocated to sham treatment (n=27) ]
4 N\ Ve
Discontinued intervention (n=4) Discontinued intervention (n=8)
— Symptom worsening (n=1) || .| — Symptom worsening (n=1)
- Scheduling problems (n=3)/ — Scheduling problems (n=4)
P \_~ Lack of efficacy (n=3) y
Lost to week 8 (n=2) P N
— Scheduling problems (n=1) | || Lostto week 8 (n=1)
— Loss of interest (n=1) — Scheduling problems (n=1)
- J N J
[ Analyzed at week 8 (n=27) ] [ Analyzed at week 8 (n=27)
Lost to week 20 (n=5) Lost to week 20 (n=4)
— Scheduling problems (n=4) — Scheduling problems (n=3)
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Figure 2. Consort flow chart
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Table 2. Quantitative data: drop-out analysis

Completed Lost to
week 8 (n =51) week 8 (n = 3) P
Age (years) (mean + SD) 44.8 £10.1 40.3+8.3 .455
Gender (female | male) (%) 80.4]19.6 10010 .390
Education (<high school|high school | university) (%) 34.0134.0|32.0 33.3]166.7|0 .553
Employment (unemployed |employed | pensioned) (%) 3.9|192.2|3.9 0]100]0 .881
Duration of pain (years) (mean * SD) 9.9+9.1 46+4.6 .328
Pain intensity at baseline (VAS) (mean £ SD) 64.5+13.2 60.0 + 0.66 .560
Treatment expectancy (CEQ) (mean + SD) 6.8+1.3 6.7+1.2 .878
Abbreviations: CEQ: Credibility/Expectancy Questionnaire; SD: Standard deviation; VAS: Visual Analogue Scale.
Table 2. Quantitative data: drop-out analysis (continued)
Completed Lost to
week 20 (n = 45) week 20 (n=9) P
Age (years) (mean  SD) 44.7 £10.4 443 +8.7 .920
Gender (female|male) (%) 79.5|20.5 90.0|10.0 442
Education (<high school|high school | university) (%) 29.5|34.1|36.4 55.6|44.4|0 .143
Employment (unemployed |employed | pensioned) (%) 4.5|93.2|2.3 0]90.0|10.0 411
Duration of pain (years) (mean + SD) 9.5+9.0 10.0+9.3 .889
Pain intensity at baseline (VAS) (mean £ SD) 64.4 +13.5 63.8+10.6 .898
Treatment expectancy (CEQ) (mean + SD) 6.8+1.3 6.7+1.4 .833
Abbreviations: CEQ: Credibility/Expectancy Questionnaire; SD: Standard deviation; VAS: Visual Analogue Scale.
Table 3. Qualitative data: drop-out analysis
Completed Lost to
interview (n = 20) interview (n =7) P
Age (years) (mean % SD) 43.4+6.9 47.4+10.4 313
Gender (female|male) (%) 70|30 71.4]128.6 .943
Education (<high school| high school | university) (%) 25|30]45 57.1]|28.6|14.3 231
Employment (unemployed |employed | pensioned) (%) 10|90|0 0]85.7|14.3 .168
Duration of pain (years) (mean + SD) 9.9+9.3 10.1+9.6 .958
Pain intensity at baseline (VAS) (mean % SD) 6.4+1.4 6.4+0.8 .893
Treatment expectancy (CEQ) (mean + SD) 7.2+0.9 6.6+1.5 .267

Abbreviations: CEQ: Credibility/Expectancy Questionnaire; SD: Standard deviation; VAS: Visual Analogue Scale.
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3.2 Sample characteristics at baseline

Patients’ baseline characteristics are shown in Table 4. Their age ranged from 19 to 65 years, with
a mean of 44.6 + 10.0 years. Most were female (81.5%), employed, and of normal body mass index.
The sample included an equal distribution of patients from all educational levels. Patients reported
9.6 + 8.9 years of neck pain duration. During that time, most of them had received several pharma-
cological and non-pharmacological treatments. No significant differences in patients’ social demo-
graphics and neck pain characteristics were found between study groups (p > .05). Patient’s expec-
tations that CST would be successful in reducing their neck pain symptoms were also comparable

between groups (p = .05).

Table 4. Sample characteristics at baseline

Craniosacral
Therapy (n = 27) Sham (n =27) P

Age (years) (mean % SD) 44.2 £9.7 45.0 £ 10.5 .769
Gender (female|male) (%) 70.4]29.6 92.6|7.4 .076
Body mass index (kg/m?) (mean + SD) 245+4.3 25.5+5.0 461
Education (<high school|high school | university) (%) 33.3|29.6|37.1 34.6]142.3|23.1 .153
Employment (unemployed |employed | pensioned) (%) 7.4188.9|3.7 0]96.3|3.7 .388
Duration of pain (years) (mean + SD) 9.9+9.2 9.3+8.8 .809
Pain intensity (VAS) (mean % SD) 64.1+12.8 64.4 +13.3 .942
Functional disability (NDI) (mean % SD) 324+7.2 29.3+8.2 .140
Current pain medication (regularly| when needed) (%) 0]25.9 3.9|53.9 .052
Treatment history (%)

Pain medication 48.2 70.4 .166

Injections 44 .4 40.7 .783

Physical therapy 55.6 66.7 .577

Massage 74.1 77.8 .750

Acupuncture 29.6 33.3 .770

Chiropractic treatment 29.6 37.0 773

Relaxation techniques 29.6 25.9 .761

Psychotherapy 7.4 11.1 .639
Treatment expectancy (CEQ) (mean + SD) 70+1.1 6.5+1.4 136

Abbreviations: CEQ: Credibility/Expectancy Questionnaire; NDI: Neck Disability Index; SD: Standard deviation; VAS: Visual Analogue Scale.
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33 Concurrent treatments

Patients’ use of concurrent pain medication is illustrated in Figure 3. During the 8 weeks of treat-
ment, the daily intake of analgesics was 0.1 + 0.1 DDD in the CST group and 0.5 £ 0.3 DDD in the
sham group. Analysis revealed no significant main effect of time (p =.716) and group (p =.099), and
no significant time-group interaction (p = .069) (see appendix). Other concurrent treatments were

reported by five patients in the sham group who used massage 4 times and acupuncture 2 times.

SHAM
3 — CST

Concurrent analgesics use (DDD)
=

0 1 2 3 4 5 6 7 8 Week

Figure 3. Concurrent analgesics use (mean + SD) during the intervention period

34 Compliance with the allocated intervention

For both groups, almost similar levels of compliance were observed. Patients in the CST group
attended on average 7.7 £ 0.9 of the 8 treatment units (96.3%), patients in the sham group 6.7 + 2.4
units (83.8%). Although this group difference was not statistically significant (p = .054) (see appen-
dix), compared to the CST group, twice as many sham patients did not attend the entire number of
treatment units. Nonetheless, reasons for intermittent attendance were comparable between
groups, except for three patients of the sham group who stated ineffectivity of the treatment as

the reason for not attending all units provided (Figure 2).

3.5 Treatment credibility and therapeutic alliance

Results of the logistic regression modelling are shown in Table 5 and Figure 4. While the AORs of
treatment expectancy, treatment consistency, treatment recommendation and alliance quality
were not found to have significant predictive power (p = .05) for classifying patients into the CST or
sham group, treatment satisfaction revealed a significant AOR (p =.011) in the per-protocol analysis.

Even so, this AOR was no longer significant in the intention-to-treat analysis (p = .060).
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Table 5. Logistic regression analysis

Predictor variable B +SE P AOR Lower 95% ClI Upper 95% ClI

Treatment expectancy 0.11+£0.29 .701 1.12 0.64 1.96
§ Treatment consistency 0.300.25 227 1.36 0.83 2.22
g Treatment recommendation  -0.32+0.30  .281 0.73 0.40 1.30
g Alliance quality -0.34+0.51 .510 0.72 0.26 1.94

Treatment satisfaction 1.92+0.76 .011* 6.83 1.54 30.24
- Treatment expectancy 0.17+£0.28 .555 1.18 0.68 2.04
g Treatment consistency 0.29£0.25 .253 1.33 0.82 2.18
‘E Treatment recommendation  -0.21+0.31  .505 0.81 0.44 1.50
‘% Alliance quality -0.23+0.56  .687 0.80 0.26 2.41
= Treatment satisfaction 1.41+0.75 .060 4.09 0.94 17.76

Abbreviations: AOR: Adjusted odds ratio; B: Beta regression coefficient; Cl: Confidence interval; P: Level of significance; SE: Standard
error; *: Significant influence of predictor variables (P < .05).
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Figure 4. Predictive power (AORs = 95% Cl) of credibility and therapeutic alliance measures
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3.6 Primary outcome

Effects on pain intensity are shown in Figure 5 and Table 7. In contrast to sham, patients of the CST
group reported significantly less pain intensity of A=-21.0 mm VAS at week 8 (95% Cl=[-32.6|-9.4];
p =.001; d =-1.02; 95% Cl = [-1.59]-0.46]) and A =-16.8 mm VAS at week 20 (95% Cl = [-27.5]-6.1];
p =.003; d =-0.88; 95% Cl = [-1.44|-0.32]).

100 SHAM
80 d=-1.02* * P<.05
2 d=-0.88*

2
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E 40
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£ 20 J J
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Figure 5. Effects (mean £ SD) on pain intensity

Table 6. Responder analysis of the primary outcome

Craniosacral Therapy (n=27) Sham (n=27)
Non-responder Responder Non-responder Responder P
20% VAS reduction at week 8 7 (25.9%) 20 (74.1% 16 (59.3% 11 (40.7%) .013*

( ) ( )

20% VAS reduction at week 20 6(22.2%)  21(77.8%) 13 (48.1%) 14 (51.9%)  .046*
50% VAS reduction at week 8 15 (55.6%) 12 (44.4%) 23(85.2%) 4 (14.8%) .017*
( ) ( )

50% VAS reduction at week 20 14 (51.9%) 13 (48.1% 20(74.1% 7 (25.9%) .091

Abbreviations: P: Level of significance; *: Significant between-group difference (P < .05).

A minimal clinically important pain reduction of at least 20% was reported by 74.1% of the CST
patients against 40.7% of the sham patients at week 8 (p = .013), and 77.8% of the CST patients
against 51.9% of the sham patients at week 20 (p = .046). A substantial clinical benefit of at least
50% pain relief at week 8 was reported by 44.4% of the CST patients against 14.8% of the sham
patients (p = .017). At week 20, a comparison of 50% response rates did not reach the level of

significance (p =.091) (Table 6).
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Table 7. Effects (mean x SD) of Craniosacral Therapy in comparison with sham

Craniosacral Therapy (n=27) Sham (n=27)
Baseline Week 8 Week 20 Baseline Week 8 Week 20
Pain Pain intensity (VAS) 64.1+12.8 31.7+20.7 31.6+19.0 64.4+13.3 53.5+20.3 47.8+19.3
Pain on movement (POM) 54.6 +19.8 25.8+19.5 23.4+15.7 58.0+17.7 46.8 £21.0 36.9+18.9
Point of max. pain (PPT) 234.4+120.1 255.4+122.9 226.5+62.6 238.5+137.1 206.7+77.1 2049+63.4
M. levator scapulae (PPT) 271.4£109.4 290.9 £87.0 254.6 £ 62.8 250.5+115.4 246.2 + 85.5 241.2 +£70.0
M. trapezius (PPT) 241.7 £ 101.7 238.9+77.6 230.4+£59.3 220.6 £108.1 200.8 £ 69.2 222.0+74.3
M. semispinalis capitis (PPT) 156.4 +60.1 164.2 +48.8 167.2 +58.2 162.6 +78.7 160.9+76.5 155.6 + 50.8
Physical health Functional disability (NDI) 324+7.2 17.6 £11.6 18.5+7.5 29.3+8.1 24.8+10.8 23.9+8.7
Physical quality of life (SF-12) 38.0+8.3 47.2+9.0 48.5+5.1 41.2+6.0 433+9.3 43.2+5.9
Physical well-being (FEW) 2.9+0.6 3.1+0.8 3.1+0.6 2.7+0.8 2.7+0.8 2.8+0.8
Mental health Mental quality of life (SF-12) 48.5+10.6 51.2+9.7 48.4+£10.0 48.8+11.4 47.7 £12.5 46.2+12.4
Anxiety (HADS) 7.0+3.7 54+43 51+34 6.0+34 5.9+3.6 6.7+3.8
Depression (HADS) 4.8+3.5 4.1+4.0 5.0+35 4.4+35 4.7+3.7 6.8+3.8
Stress perception (PSQ) 449+ 14.6 40.8 £ 18.0 38.7+15.5 47.6+18.5 45.2 +20.3 47.2+19.9
Pain acceptance (ERDA) 2.8+0.5 3.0+£0.7 3.2+0.6 3.0+£0.5 3.0+04 3.0+0.5
Body awareness Body awareness (SBC) 2905 3.1+05 3.1+0.5 2.810.6 2.710.6 3.0+£0.5
Body dissociation (SBC) 0.8+0.4 0.8+0.7 09104 0.7+0.6 0.7+0.5 0.810.8
Global Global improvement (PGl-I) - 22+1.0 23+1.1 - 33+1.0 3.1+1.1

Abbreviations: Cl: Confidence interval; ERDA: Emotional/Rational Disease Acceptance Questionnaire; FEW: Questionnaire for Assessing Subjective Physical Well-being; HADS: Hospital Anxiety and Depression Scale;
NDI: Neck Disability Index; P: Level of significance; PGI-I: Patients’ Global Impression of Improvement; POM: Pain on Movement Questionnaire; PPT: Pressure pain thresholds; PSQ: Perceived Stress Questionnaire;
SBC: Scale of Body Connection; SD: Standard deviation; SF-12: 12-item Short Form Health Survey; VAS: Visual Analog Scale.
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Table 7. Effects (mean x SD) of Craniosacral Therapy in comparison to sham (continued)

Between-group difference (95% Cl)

Effect size (95% Cl)

Week 8

Week 20

Week 8 Week 20

Week 8

Week 20

Pain Pain intensity (VAS) -21.0[-32.6]|-9.4] -16.8 [-27.5]-6.1] .001* .003* -1.02 [-1.59]-0.46] -0.88 [-1.44|-0.32]
Pain on movement (POM) -18.6 [-29.2|-8.0]  -11.4[-20.9]-1.9] .001*  .020% -0.92 [-1.48|-0.36]  -0.66 [-1.21]-0.11]
Point of max. pain (PPT) 50.3 [2.8]97.7] 23.9[-9.9]57.3] .038* .163 0.52 [-0.02|1.06] 0.38[-0.16/0.91]
M. levator scapulae (PPT) 34.2 [-2.9]|71.3] 10.4 [-25.145.8] .070 .560 0.40[-0.14|0.94] 0.16 [-0.38|0.69]
M. trapezius (PPT) 31.8[1.2]62.4] 4.4[-28.9|37.7] .042% .788 0.43 [-0.11]0.97] 0.07 [-0.47]0.60]
M. semispinalis capitis (PPT) 5.8 [-19.2]30.8] 15.1 [-12.4]42.5] 644 276 0.09 [-0.44|0.62] 0.28 [-0.26|0.81]
Physical health Functional disability (NDI) -8.2 [-14.4]-2.1] 6.5[-11.1]-2.0] .010*  .006* -0.73 [-1.28/-0.18]  -0.80 [-1.36]-0.25]
Physical quality of life (SF-12) 5.8 [1.3]10.4] 5.9 [2.8]9.1] .013* .000* 0.64 [0.09]1.18] 1.07 [0.05]1.64]
Physical well-being (FEW) 0.2 [-0.2]0.5] 0.2[-0.1]0.7] .384 .155 0.19 [-0.34]0.72] 0.38 [-0.16]0.92]
Mental health Mental quality of life (SF-12) 3.5[-1.6]8.5] 2.7 [-3.2]8.6] 178 .363 0.31[-0.23]0.85] 0.24 [-0.30|0.77]
Anxiety (HADS) -1.0[-2.8]0.9] -2.1[-3.8]-0.3] .299 .020* -0.24 [-0.78|0.30] -0.58 [-1.12|-0.03]
Depression (HADS) -0.7 [-2.2]0.8] -1.9[-3.9]0.2] .329 .079 -0.19 [-0.72]0.35] -0.50 [-1.05|0.04]
Stress perception (PSQ) 0.4[-8.2]7.4] -6.4[-15.5]2.8] 912 171 -0.02[-0.56/0.51]  -0.36 [-0.89|0.18]
Pain acceptance (ERDA) 0.1[-0.2]0.4] 0.2[-0.1]0.4] .392 .146 0.21 [-0.33]0.74] 0.37[-0.17]0.91]
Body awareness Body awareness (SBC) 0.3[0.1]|0.5] 0.1[-0.1]0.4] .001* .330 0.59[0.041.13] 0.26 [-0.27]0.80]
Body dissociation (SBC) 0.9 [-0.10.4] 0[-0.3/0.3] .183 935 0.30[-0.23|0.84] 0.02 [-0.51]0.55]
Global Global improvement (PGl-I) -1.0 [-1.5]-0.5] -0.7 [-1.3]-0.1] .000* .029* -1.01 [-1.58]-0.45] -0.62 [-1.17]|-0.07]

Abbreviations: Cl: Confidence interval; ERDA: Emotional/Rational Disease Acceptance Questionnaire; FEW: Questionnaire for Assessing Subjective Physical Well-being; HADS: Hospital Anxiety and Depression Scale;

NDI: Neck Disability Index; P: Level of significance; PGI-I: Patients’ Global Impression of Improvement; POM: Pain on Movement Questionnaire; PPT: Pressure pain thresholds; PSQ: Perceived Stress Questionnaire;

SBC: Scale of Body Connection; SD: Standard deviation; SF-12: 12-item Short Form Health Survey; VAS: Visual Analog Scale. *: Significant between-group difference (P < .05).
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3.7 Secondary outcomes

Analyses of secondary outcomes are also shown in Table 7. At week 8, significant between-group
differences favoring CST were detected for pain on movement (p =.001; d = -0.92) (Figure 6), pres-
sure pain thresholds at the point of maximum pain (p = .038; d = 0.52) (Figure 7), and bilaterally at
the trapezius muscle (p=.042; d=0.43) (Figure 8), functional disability (p=.010; d=-0.73) (Figure 9),
physical quality of life (p =.013; d =0.64) (Figure 10), and body awareness (p =.001; d = 0.59) (Figure
11). At week 20, significant effects could be detected for pain on movement (p = .020; d = -0.66)
(Figure 6), functional disability (p = .006; d = -0.80) (Figure 9), and physical quality of life (p < .000;
d = 1.07) (Figure 10). Although anxiety and depression levels were reduced in the CST group and
increased in the sham group, between-group comparisons were significant only for anxiety and only
at week 20 (p =.020; d = -0.58) (Figure 12). No significant group differences were found for stress

perception, well-being, mental quality of life, pain acceptance, and body dissociation (p > 0.05).
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Figure 6. Effects (mean £ SD) on pain on movement
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Figure 7. Effects (mean £ SD) on pressure pain thresholds at the point of maximum pain
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Figure 8. Effects (mean * SD) on pressure pain thresholds bilaterally at the trapezius muscle
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Figure 10. Effects (mean + SD) on physical quality of life
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Figure 12. Effects (mean + SD) on anxiety

3.8 Global improvement

Patients’ global impression of improvement is illustrated in Figure 13. At week 8, 85.2% of the CST

patients compared to 51.9% of the sham patients reported little to very much improvement. Only

14.8% of the CST patients compared to 48.1% of the sham patients reported no global change or

symptom worsening. At week 20, percentages showed similar trends with 81.5% of the CST patients

compared to 48.2% of the sham patients continued to report global improvement, whereas 18.5%

of the CST patients against 51.8% of the sham patients still reported no change or symptom worse-

ning compared to baseline. Differences between groups were significant for both, week 8 (p <.000;

d =-1.01) and week 20 ratings (p = .029; d = -0.62) (Table 7).
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Figure 13. Effects on global improvement

3.9 Qualitative Outcomes

Results of the word frequency analysis revealed a first impression of how patients experienced the
CST treatment (Figure 14). The more a term was mentioned within the 20 interviews (mean time:
21.05 + 7.63 minutes) the larger it is displayed. With a frequency of 129, “changed” was the most
mentioned term, while “change” as an active verb was stated another 16 times. Further on, patients
reported that they feel “better”, “relaxed”, “pleasantly”, somehow “different” and “new” with a

decreasing frequency of 112 to 24. In contrast, “worse” was mentioned only 8 times.
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Figure 14. Word frequency analysis
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The qualitative content analysis led to a deeper understanding of local and systemic physical as well
as perceptual, emotional, spiritual, cognitive, behavioral and socio-economic effects of CST. Physical
responses to treatment (Table 8) included reduced neck, back, and shoulder pain (Figure 15),
radiated pain (Figure 16), headache and vertigo. Symptom change comprised initial aggravations,
no alterations in pain and functioning, extended painless intervals, and sustained absence of pain.
Patients also reported increased function and flexibility of the neck, a more upright posture and the
impression of improved vision. In some patients, vagotonic activation during the therapy resulted
in a continuing parasympathetic response and the experience of less physical exhaustion, which
was compared with an escape from the rat race. This led to more energy and strength, increased

tolerance towards stress and pain, sustained relaxation and better sleep quality.
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Figure 15. Body image drawing of patient 42 at baseline and week 8
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Figure 16. Body image drawing of patient 49 at baseline and week 8
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Table 8. Local and systemic physical responses

Reduced symptoms

Decreased neck

and back pain

Less headache

and vertigo

No improvement

“I’'ve drawn no more points of pain, because the neck pain is really gone.

There is also no more radiated pain in the head or back.” (22]8)

“Much less headaches and neck pain, much less. [...] My dizziness is

just gone, which I always had thru quick, jerky movements.” (48]10,52)

“Unfortunately, nothing has changed. [...] The pain is still there.” (51|8)

Increased function

Enhanced neck

function

Improved range
of motion

More upright
posture

Sharpened

senses

“The neck area is softer and relaxed. As if the neck is more

able to carry my head. [...] The neck just more functional.” (22]20)

“Because | was so tense, | had to rotate the whole body instead of the head only.

This is not completely gone, but my mobility has increased enormously.” (31]18)

“This upright feeling is remarkable. | haven’t known this for many years. [...] And

I can keep it all day long. Thus, my position is changed, also in life.” (228)

“I woke up the next morning and for the first time | had the feeling

that I could see quite well, also without glasses.” (30]38)

Autonomic responses

Immediate vago-

tonic activation

Parasympathetic

regulation

“With this deep relaxation my stomach had always bubbled.” (22]26)

“From head to toe, | had a warm feeling throughout the whole body.” (50|22)

“] can be more quickly inwards my body. I’'m calmer. My nervous

system activity has definitely been brought down.” (14|50)

Physical recovery

Less physical

exhaustion

Escape the

rat race

Increased

stress tolerance

Sustained

relaxation

Better sleep quality

“I'm able to do many more things, because the pain did no longer exhaust

me in such a way. | have more strength, more energy for me again.” (42|14)

“All was so exhausting. [...] Due to the treatment, | could pause.

It was, indeed, as a complete escape from this rat race.” (14|58)

“My stress level is higher. Today | can have more stress before my

symptoms reappeared. Yes, | really can endure more stress.” (42]46)

“Even this touch, this quiet contact led to deep relaxation. [...] And | was able

to maintain this quietness and relaxation, also throughout the day.” (13]26,36)

“I sleep better. Not necessarily more, but deeper.” (35]62)
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Table 9. Gain in body perception and awareness

Differentiated body perception

Pain now

locatable

Less muscle

tension

More fluent

and vivid

Sorting and
unwinding of

structures

More symmetry

and balance

Back to

normal

“The pain has become much more defined and concrete. It is no longer

such a painful, flabby, dull and vague mass. | can palpate it now.” (35|50)

“It has been changing. The neck was really like a wall. And now,

all is more like pleasant sand.” (49]|16) (Figure 16)

“I no longer feel so restricted, all is much more fluent.” (42]10)

“I feel more vivid, in general” (36|34)

“It was not massage. It was just a hold that internally has made a motion.
It was so crazy, as if someone stirred. [...] | had the feeling that everything

in my body is sorted and unwinded, as if all gets more space.” (14|42,32)

“I had the feeling that one shoulder was much deeper, that | had a crooked

posture. [...] It feels different now, as moved into the correct position.” (7]10,18)

“l cannot assess the pain because | cannot perceive it. [...] The right site

simply feels pleasantly, so normal.” (36]12)

Entire body image

Reintegration
of dissociated

body parts

“Before the therapy, I've thought that the neck area did not really belong
to me. | always felt the need to remove the head. That feeling does no longer

exist.” (7]20)

Increased interoceptive

awareness

Altered states

of consciousness

New internal

perspective

Increased

body awareness

“I could equate that [therapy] with hypnosis or trance. | was somehow

promptly brought down to a state of total relaxation.” (30| 36)

“I was able to perceive the body from a different perspective and realized that

my muscles are extremely tensioned, which | was totally unaware of.” (42|36)

“By hearing into my body, I've learned a lot. That was a revelation to me! [...]

From now on, | will look quite different at my body.” (49|32,74)

Patients also reported

pain was reduced and

a gain in body perception and awareness (Table 9). The area of perceived

more defined in contrast to the sensation of an impalpable, vague mass

before CST. The feelings of tension, of being restricted within one’s own body were replaced by

descriptions of being more fluent and vivid. Structures got sorted, became more symmetrical and

returned to a normal position. Thus, some patients reported being able to reintegrate the formerly
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painful, dissociated body parts into their body image. Due to the deep relaxation, patients also

described states of altered consciousness enabling them to experience their bodies from a new

internal perspective and to increase their interoceptive awareness.

Table 10. Emotional reprocessing

Emotional turmoil

Initial
turmoil

Straining

process

“That was different. There were pleasant emotions, and then

I had two weeks | was standing right beside me.” (5|40)

“That [therapy] just got down to the nitty-gritty. But no

matter how hard it was; it was incredibly beneficial.” (49|56)

Emotional release

Release of
suppressed

emotions

Recollection
of dissociated
memories

in a safe

environment

“Once, as something had released in my neck, suddenly tears were running. [...]
| was surprised, because | did not know such reactions from me. But it was okay.

It was good. A relief.” (42|38,40)

“Directly the first unit was awesome. | started to tremble and got very
strange memories, which were already more than 30 years ago. [...] This
feeling of helplessness, not being able to defend myself against that piano
teacher who always humiliated me. | even smelled her again. [...] But | was

able to dedicate myself to this process without having fear. (49]20-26)

Emotional relief

Integration

of emotions

Relief from

a burden
Elated mood
Increased calm

Increased

contentment

Less affective

pain perception

Pointing the way

to confidence

“During the first weeks, many things came to the surface. | cried a lot.

[...] But afterward, | was able to let it go and relax.” (49]18)

“That there was such a lot of undigested stored in my body. [...] Today,

it’s lighter. Relieved. So pleasant, no longer bearing this burden.” (5|48,26)
“I really was so elated after therapy. Really, as if | was a different person.” (7|10)
“That | became calmer, much more relaxed in dealing with my fellows.” (4|74)

“My family said that I'm more satisfied, that | don’t complain

about irrelevant things that often anymore.” (42|62)

“I've perceived the [pain] no longer as threatening. [...] Formerly, I'd always

worried whether I'd have to deal with it my whole life.” (9]18)

“That confidence. [...] It’s not done yet but | have a compass now.” (14|60)

“I face the future not as anxious as before. | think | can handle it.” (22|52)
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With structural relaxation several patients reported events of emotional release (Table 10). The
appearance of emotions was described as an unexpected, involuntary process, initially irritating and
stirring. In some cases, suppressed emotions were related to autobiographical memories. Recollec-
tion in a setting, where patients felt safe, enabled them to reevaluate and integrate those emotions
with the result of more understanding, acceptance and relief from a burden. Other patients did not
experience distinct emotions during CST but expressed amazement at their elated mood, calm and
contentment after treatment, which were confirmed by family and friends. Moreover, the percep-
tion of pain was described as less affective pointing the way to a new confidence with decreased

anxiety about the future.

CST treatment also appeared arouse transcending experiences that were described in terms of
resolution of space and time, a state of pure consciousness as well as a sense of peace, basic trust

and being guarded throughout life (Table 11).

Table 11. Access to spiritual experiences

Transcending experiences

Resolution of “It was like hovering. [...] With a lot of consciousness and being continuously
space and time in the present. A resolution of space and time during therapy.” (14|44,46)
Inward peace “There was just peace in my heart.” (49|34)

Sense of “Sometimes, with the feeling of release, | had insights and the confidence that
basic trust we are protected and always in good hands. Such a feeling of basic trust.” (14| 60)

On a cognitive level, patients perceived CST as a relief from cogitation and dysfunctional thought
patterns (Table 12). During treatment, particularly the experience of a quiet mind was mentioned
by some patients. This lowered mental distraction and improved overall concentration continued
after therapy. On the other hand, patients reported reframing processes, whereby they experi-
enced awareness of their own limitations and gained a new sense of self-responsibility instead of
blaming the circumstances. This changed their attitude towards life and enabled patients to become
more flexible in shifting their perspectives. Besides these learning processes, cognitive restructuring
seemed to be associated with forgetting as well. More than one patient described difficulties to

remember areas of pain and compared their impression with a hard disk that has been cleaned.
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Table 12. Cognitive restructuring

Less mental distraction

Quiet mind

Better concentration

“During treatment, | really had a clear mind, no inner cinema at all.” (48]42)

“That [pain] is less. I’'m so thankful. I’'m more concentrated and clearer.” (44|16)

Cognitive reframing

Listen to the

body’s signals

Learning about

the own limits

Not to blame the

circumstances

New self-

responsibility

Seeing the
other side

of the coin

Changed
attitude

to life

“I've always thought that everything is under control, that | have no problems.

But I've realized that the symptoms were signs that | ignored.” (50|32)

“It was mind-blowing, like a process of understanding how to remain in the

frame. [...] This responsibility, how much I can require from my body.” (36]22,46)

“During the treatment, | noticed that the others did not oppress me this much.

| just thought that | always have to do a perfect job.” (50| 18)

“I get less exasperated. | feel more responsible of what | can affect

and less of what | cannot.” (36]52)

“These fears, how to manage family and career. | couldn’t find positive aspects,
although my work was all | wanted to do. But with the support of the therapist |

can see it now.” (2240)

“It’s different. Before, | felt so delivered, fixed in my body. Now, it flows,
even up to the head, which made me getting a different attitude towards

life — it changed just from dirty brown to light blue.” (49|60)

Modified pain memory

Extinction of
pain memory

traces

“Sorry, | can't remember that pain on the first drawing. [...] The doctor also said
that there was the strongest point of pain, | didn’t remember that. It is amazing

that such a pain can be deleted, as a hard disk that was cleaned once.” (49|14)

Behavioral changes associated with CST comprised increased self-efficacy and active coping stra-

tegies (Table 13). As a mediator for changes in coping with the pain, patients reported the intero-

ceptive experience of body structures accompanied by increased body awareness. Thereby, they

felt empowered and prepared against stress and pain. The more flexible the body was experienced,

the more flexible patients became at choosing action alternatives and balancing between per-

mission for rest and return to activity.
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Table 13. Changes in coping behavior

Increased self-efficacy

Claiming “I got more and more of those mechanical therapies. But now I've told my doctor:
autonomy ‘I don’t want to be manipulated anymore.’ | and only | decide on my body.” (31|34)
Getting “It’s great that this therapy is not addictive, [...] but rather the contrary.
empowered It empowers me to look more precisely on my topics.” (49|80)

More active coping strategies

Prepared “This therapy is not only relaxing but getting stronger, getting out of the wail. [...]
against pain And even if | just have a little [pain], | can deal with it.” (14]56,12)

Prepared “I feel somehow protected within me and | was able to distance myself

against stress better from all that stress outside. That did not reach me anymore.” (14|30)
Retrieving “There is just more ability to act, much more. This feeling to be flexible,

agency not to acquiesce everything. [...] I've regained control over my life.” (49]28)
Permission “Just to allow myself to retreat from the daily stress, reading a

to relax good book, sitting down. I've never done this before.” (42|52)

Return to “I also was not able to do sports without having pain. Now | feel like

activity | can start running again, and all is quite relaxed within me.” (49|16)

Table 14. Socio-economic impact

Enhanced social quality of life

Energy for “I’'m able to accomplish things | planned, [...] also positive things like outdoor

social activities activities. [...] This was formerly not the case, as | always had to rest.” (42|44,60)
Intensified social “I'm also able to spend more time with my friends. The contact is more intense.
contacts And this is of course great. | had restricted this part of my life so much.” (42| 62)

Improved work efficiency

Working “The pulling from my neck to the forehead is much less at the
without pain moment. [...] | can work efficiently again.” (44|12)

Enjoying “I've often ignored that [pain]. | did not want to show it. But I've no
work again longer enjoyed my work. [...] That has changed, definitely.” (14|58)

Less pain medication

Less drug “When this pain gained the upper hand again, then only painkillers helped.

intake And now my drug consumption has markedly decreased.” (31|48)
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Finally, patients described a decrease in their social and occupational impairment (Table 14). They
experienced intensified social contacts and were able to participate in recreational activities again.
Working without developing pain — even without taking drugs — led patients to enjoy their jobs

again and improved work length and efficacy.

3.10 Safety

Quantitative analysis of the entire sample data resulted in no serious adverse events. Minor adverse
events during or subsequent to the treatment were reported by six patients in the CST group and
included: increased neck pain in two patients and complaints in the jaw area, shivering, tiredness,
overwhelming emotions, and weeping in one patient, respectively. Within the sham group, eight
patients reported minor adverse events that included: transient headache or migraine in seven
patients, worsened neck pain in three patients, tingling sensations in two patients, and dizziness in
one patient. Within both groups, symptom worsening subsided shortly after the respective treat-
ment unit. Another two patients, one from each group, discontinued study participation because

of recurrent headaches during treatment, but were free of headaches at both follow-ups.

Qualitative analysis of the CST subsample (Table 15) revealed that in particular temporary aggra-
vation of existing symptoms and physical exhaustion after treatment were stated as minor side
effects of CST. In addition, dealing with emerging emotions was reported as challenging in nearly
all the patients experiencing such affects. However, for all but one patient (Table 15), emotional

release was perceived as a straining and relieving process as well.

Table 15. Safety

Temporary aggravation

Initial aggravation “My symptoms did not change immediately. After treatment, | even

of symptoms had mild aggravations. But | think that’s quite normal” (31]14)

Vegetative complaints

Physical “Every time after the treatment, | was tired to death. But afterwards,

exhaustion | was fit again.” (9]28)

Emotional challenge

Overwhelming “I could not allow it. That would have set off an avalanche. | felt not able to
emotional manage that emotionally. And that was okay. | have not experienced any refusal.
memories The therapist just treated me physically. And that | could enjoy.” (51]24)
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4 Discussion

4.1 Summary of evidence

The present study is the first randomized controlled trial that revealed efficacy and safety of CST in
comparison to manual sham treatment. In a blinded patient sample with a mean duration of 9.6
years of nonspecific neck pain, statistically significant and clinically relevant effects on pain intensity
were found directly after the active treatment period as well as a further 3 months later. Minimal
clinically important differences in pain intensity at week 20 were reported by almost 78% of the
CST patients, whereas 48% even had substantial clinical benefit. Exploratory analyses revealed
statistically significant and clinically relevant differences at week 8 and 20 for pain on movement,
functional disability, physical quality of life, and patients’ global impression of improvement. Pres-
sure pain sensitivity and body awareness were significantly improved only at 8 weeks after rando-
mization, anxiety only at week 20. No significant group differences were found for stress percep-

tion, well-being, mental quality of life, depression, pain acceptance, and body dissociation.

Qualitative analyses of patient quotes of the CST group particularly revealed changes beyond phy-
sical symptom relief. Several patients reported sustaining parasympathetic responses, which led to
improved functional ability, increased tolerance towards stress and pain, and a considerably better
quality of sleep. Moreover, they described an increase in interoceptive awareness, which was per-
ceived as a significant mediator for changes in, accepting of and coping with the pain. Apart from
structural alleviation, patients also reported improvements due to emotional release. Allowing for
the initial turmoil, they subsequently felt relieved from suppressed feelings and dysfunctional
thought patterns, thus supporting a new understanding of the pathophysiological and pathopsycho-
logical relations of pain and health. Patients who did not report distinct emotional events often also
described relief in mood, contentment and confidence after treatment. For many CST patients, pain
became less affective resulting in reduced anxiety and hopelessness. Other patients described their
experiences during CST with words reminding them of transcending experiences during meditation.
They stated feelings of basic trust and peace and moments of having a completely quiet mind.
Beside cognitive silence, more than one patient reported on cognitive restructuring, not in terms
of learning but of forgetting. Postulated extinction of pain memory was expressed as the difficulty
to remember areas of previous pain. Behavioral changes that patients associated with CST com-
prised increased self-responsibility and self-efficacy. The more flexible patients experienced their
physical structure, the more flexible they became in choosing action alternatives, balancing their
everyday lives and returning to activity without renewed pain. Finally, patients described less social

and occupational impairment with intensified family contacts and improved work joy and efficacy.
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4.2 Discussion of the study results

Revealed results are in line with previous pain research on CST and recommended neck pain treat-
ments. Where CST has been shown to be effective in improving pain syndromes in comparison to
waiting list/usual care (Arnadottir & Sigurdardottir, 2013; Elden et al., 2013; Hanten et al., 1999),
manual therapies (Bialoszewski et al., 2014; Castro-Sanchez et al., 2016), or non-manual sham
treatments (Castro-Sanchez et al., 2011; Mataran-Penarrocha et al., 2011), this study found com-

parable effects in blinded patients with respect to manual sham.

Systematic reviews varied in their conclusions about CST’s effectiveness. Jakel and von Hauenschild
(2012) included three randomized controlled trials on adults with fibromyalgia (Castro-Sanchez et
al., 2011; Mataran-Penarrocha et al., 2011) and lateral epicondylitis (Nourbakhsh & Fearon, 2008).
The authors appraised CST as effective and safe for reducing pain intensity and enhancing quality
of life and sleep. However, due to overall unclear risk of selection and performance bias, conclusions
remained preliminary. Another review from Ernst (2012) revealed three randomized trials of CST in
adults with fibromyalgia (Castro-Sanchez et al., 2011; Mataran-Penarrocha et al., 2011) and tension-
type headache (Hanten et al., 1999) and two further ones of cranial osteopathy in children with
infantile colic and cerebral palsy. He considered all CST studies as having high risk of bias and con-
cluded that CST’s effectiveness was based on no more than nonspecific treatment effects. However,
while Jdkel and von Hauenschild (2012) reached 8 points on the AMSTAR checklist (Shea et al., 2007)
for assessing the methodological quality of systematic reviews, Ernst (2012) only got 5 of 11 acces-
sible AMSTAR points. As Ernst (2012) is also the editor of the journal in which he published his

review, his conclusions might be limited due to possible bias of the review process itself.

A more recent meta-analysis (Haller et al., 2016b) on studies on chronic pain conditions systemati-
cally searched the PubMed, CENTRAL, Scopus, Psycinfo, and CINAHL databases for CST clinical trials.
This revealed nine randomized CST trials in overall 612 adults with: fibromyalgia (Castro-Sanchez et
al.,, 2011; Mataran-Penarrocha et al., 2011), lateral epicondylitis (Nourbakhsh & Fearon, 2008),
tension-type headache (Hanten et al., 1999), migraine (Arnadottir & Sigurdardottir, 2013), pelvic
girdle pain (Elden et al., 2013), low back pain (Bialoszewski et al., 2014; Castro-Sanchez et al., 2016)
and included the results of this study in patients with neck pain as well. Pooling the effects of CST
in comparison to usual care or no treatment revealed statistically significant small to medium
standardized mean differences (SMD) according to Cohen (1988) in favor of CST for pain intensity,
functional disability, and physical quality of life. When compared to manual and non-manual sham
treatments, effects of CST were likewise superior for pain intensity, functional disability, physical

and mental quality of life and global improvement with significant SMDs ranging from small to

50



Discussion

large. In comparison to standard manipulative treatments, CST revealed significant greater SMDs
of medium effect size for pain reduction and functional disability. All analyses were conducted on
data assessed directly after the intervention period and were free of statistical heterogeneity
indicating comparability between studies and consistency of results for short-term CST effects
(Haller et al., 2016b). However, as the data pool overlaps with the earlier reviews, individual study
methodology, assessed with the Cochrane risk of bias tool, was also considered as unclear in most
of the trials, except for low selection bias and low attrition bias. Although more recent studies tend
to be better designed and reported, the overall moderate methodological quality limits the
interpretation of the results. Nevertheless, a meta-analysis of effects of placebo interventions in
trials on chronic neck pain revealed only medium SMDs for short- and small SMDs for long-term
placebo effects (Vernon et al., 2006). It therefore seems rather unlikely that at least some of the
found CST effects on physiological as well as psychological outcomes are exclusively explainable by

nonspecific treatment effects.

In comparison to recommended guideline treatments for chronic nonspecific neck pain, CST resul-
ted in almost comparable effect sizes. When mobilization and/or manipulation plus exercise was
tested against usual care, pooled effects ranged between medium SMDs for improvements in func-
tion and large SMDs for reduction of pain intensity (Gross et al., 2004). For mobilization/manipu-
lation as a single intervention, SMDs were small to large in comparison to an inactive control treat-
ment but did not differ from other active study treatments such as ultrasound, acupuncture, or
massage (Gross et al., 2015b). For massage versus sham, meta-analyses on neck pain intensity re-
vealed large SMDs versus inactive sham therapies but equally no significant SMDs versus other
active comparators (Kong et al., 2013). Cognitive behavioral therapy was found to be significantly
superior to no treatment revealing medium SMDs for pain intensity and functional disability and
large SMDs for quality of life. Compared to other types of interventions, cognitive behavioral the-
rapy did not show significant greater effects (Monticone et al., 2015). A further recommended
treatment approach that revealed medium SMDs for quality of life and large SMDs for neck pain
intensity, functional disability, and mood is yoga (Cramer et al., 2017), while conventional exercise
revealed only small to medium SMDs (Gross et al., 2015a). In conclusion, it appears to be most
effective to combine manual therapy with exercise treatments and add psychological support in
cases where physiological approaches did not achieve the intended results. Complementary thera-
pies such as yoga or CST, which already have integrated elements of mindfulness and relaxation
and thus address the physical as well as mental complaints of chronic pain patients, may therefore

be superior to more one-dimensional treatment concepts.
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Qualitative results emphasize this conclusion. In particular, altering perceptual states during CST
seems to facilitate a new level of body awareness, which in turn allows the patient to better recog-
nize physical and mental roots of their complaints. Understanding then enables accepting and deve-
loping self-responsibility and more active coping strategies. As a result, patients gain enhanced
abilities to better care for themselves and become empowered to manage their pain and life issues.
Other interviewed patient samples treated with CST (Elden et al., 2014) and yoga (Cramer et al.,
2013a) reported comparable mechanisms. Moreover, pain reduction, release of muscle tension and
increased flexibility enable CST patients to perform sport without evoking repeated pain (Brough
et al., 2014). This might be the reason why meta-analyses revealed significant higher effects for a
combination of manual therapy and exercise than for exercise alone (Gross et al., 2004). In addition,
patients treated with CST seem to frequently experience emotional release and relief. They parti-
cularly reported that the reconnection with their bodies led to feelings of being more secured within
themselves, reduced anxiety, elated mood, and fostered confidence and a sense of peace with in-

ternal and external circumstances (Brough et al., 2014; Elden et al., 2014).

Minor adverse events during CST were comparable to previous research (Brough et al., 2014; Elden
et al., 2013; Jakel & von Hauenschild, 2012). In CST theory, transient symptom exacerbations, tired-
ness and emotional turmoil are usually understood as a first and sometimes sufficient response to
the treatment meaning a sign of physiological regulation (Minasny, 2009; Stub et al., 2012). Each
alteration of structures, regardless of whether they are physiological or mental, is associated with
initial stress, which however should subside with further release of tension and symptoms (Kingston
et al., 2014; Upledger & Vredevoogt, 1983). By asking patients treated with manual therapies about
their assessment of vegetative or emotional side effects during or subsequent to the treatment,
they rarely described them as serious or impairing adverse events (Campbell, 1999; Ekerholt &

Bergland, 2006; Long & MacKay, 2003; Mazzeo, 2008; Rajendran et al., 2012).

4.3 Explanation and translation of the treatment effects

4.3.1 Effects of treating fascial tissue

Research that addresses connective tissue remodeling may explain the CST effects revealed by this
study. Beside the broad nociceptive innervation of fasciae, studies have also confirmed interstitial
low-threshold receptors that conduct very gentle brushstroke-like palpations via mechano-sensory
AB afferents (Schleip, 2003). It is proposed that gently remodeling fasciae significantly alters the
tone of myofibroblasts and striated muscle fibers (Schleip et al., 2010) as well as associated pain

perceptions (Klingler et al., 2014). The effects of CST techniques on cranial fasciae may be explained
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by direct anatomical links between spinal meninges and the suboccipital musculature (Kahkeshani
& Ward, 2012). Low-threshold palpation of superficial fasciae has even appeared to impact deeper
visceral fasciae and the function of internal organs, which in turn may decrease tension and referred
pain of cervical myotomes (Arendt-Nielsen et al., 2008; Lomba & Peper, 2013). However, fascial me-

chanisms have been examined mostly in vitro; in vivo studies of specific CST techniques are pending.

4.3.2 Effects of altering the autonomic nervous system response

As the perceptions of stress and pain are repeatedly associated (Linton, 2000), decreasing dorsal-
vagal and sympathetic activity during and after treatment will equally contribute to sustained pain
alleviation. This could be achieved by innervating fascial ruffini endings of AB afferents (Schleip,
2003) as well as dermal MRGPRB4 receptors of C-tactile afferents, which are exclusively activated
by gentle stroking, not by noxious stimulation (Vrontou et al., 2013). In mice, pharmacogenetic
activation of MRGPRB4 receptors resulted in anxiolytic effects and grooming behavior (Vrontou et
al., 2013). In humans, light stroking of MRGPRB4 C-tactile afferents at a typical skin temperature
showed significant higher discharge rates than cooler or warmer stroking stimuli, and was likewise
perceived as positively reinforcing and pleasant (Ackerley et al., 2014). This kind of affective touch
fosters social bonding (von Mohr et al., 2017) by stimulating ventral vagal activity and oxytocin

secretion, which in turn reduces stress hormones and physiological arousal (Porges, 2001).

Preliminary evidence has confirmed corresponding effects of a specific CST still point technique on
sympathetic nerve activity (Cutler et al., 2005) and alpha-band oscillations (Miana et al., 2013).
Qualitative studies likewise suggest ventral vagal effects of CST. According to Piron’s (2003) levels
of relaxation, interviewed CST patients experienced simple relaxation responses accompanied by
calm breathing and quietness; concentrative meditative stages characterized by mindfulness, ease,
insights and serenity; as well as essential qualities of non-duality, which they described in terms of
clarity, love, connectedness, self-acceptance, gratitude, and emptiness (Brough et al., 2014). As
recent studies have found that deep meditation causes significantly better effects on electro-
encephalography, heart rate, respiratory amplitude, and skin conductance response in contrast to

usual relaxation (Tang et al., 2009), equivalent autonomic effects may be postulated for CST.

4.3.3 Effects of emotion regulation

Deep neuro-physiological relaxation may also facilitate emotional reprocessing. A systematic review

of qualitative studies on manual therapies revealed nine trials on 133 heterogeneous patients
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treated with CST, massage, osteopathy, psychomotor physiotherapy, and shiatsu. The interviewed
patients described releasing effects of suppressed emotions accompanied by muscular relaxation
or induced by touch. Emotional release included expressions of fear, worry, sadness, and joy, which
were in some cases related to autobiographical events (Haller et al., 2016a). A further interview
study of patients treated with procaine injections found similar processing effects of initial turmoil,
release and relief of emotions and symptoms, acceptance, and empowerment. In this study, the
effects were associated with injections particularly in scar tissue (Haller et al., 2017). But regardless
of whether emotional release is triggered by specific body postures, tissue relaxation, or affected
scars, itis mostly followed by processes of integration and empowerment rather than those of disso-
ciation and re-traumatization (Minasny, 2009). This indicates a ventral vagal activation of the para-
sympathetic nervous system, which is innervated by efferent fibers of the nucleus ambiguus and
allows regulation of psycho-physiological processes. In contrast, when the nervous system switches
to the sympathetic or dorsal vagal mode, the physiological response is either inhibition or excitation

but not regulation (Porges, 2001).

Further research in patients with chronic unprocessed stress experiences confirm these observa-
tions. After those experiences, the autonomic nervous system does not return to normal ventral
vagal mode but remains in a state of increased sympathetic and depressed parasympathetic activity
(chronic stress response); or a state of high oscillation of both the sympathetic and dorsal-vagal
system (traumatic stress response) (Payne et al., 2015). To physically process and integrate a stress-
ful event, studies agree that cognitive exposure is often not enough. It seems to be also necessary
to allow the emotional arousal and express the blocked emotions in terms of shaking, screaming or
crying (Pascual-Leone & Greenberg, 2007). These motoric expressions, in turn, can contribute to a
further decrease of pathological arousal, balance the autonomic tone (Gracanin et al., 2014), and
facilitate new interoceptive and proprioceptive experiences of the ventral vagus mode (coherence,
boding, compassion, mindfulness, etc.) that can physically correct those of the sympathetic (danger,
worry, fear, anger, etc.) and dorsal vagus mode (helplessness, shame, depression, dissociation, etc.)
(Payne et al., 2015; Porges, 2001). Beside involuntary muscular expressions, patients undergoing
CST regularly show rapid eye movements during emotional release (Bertolucci, 2008; Upledger,
1990) — another motor consequence of mental reprocessing (Coubard, 2016) that is used therapeu-
tically to induce sympathetic de-arousal (Sack et al., 2008) and reduce pain symptoms (Gerhardt et

al., 2016).

While craniosacral elements like relaxation, imagination, or touch are not specific to CST, CST seems

to stimulate specific neurophysiological pathways to limbic structures, prefrontal networks, and
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autonomic regulative mechanisms of the brain stem and thereby alters neurophysiological trans-
mission of negative emotions and related somatic markers (Aybek et al., 2014; Ferguson, 2003;

Miana et al., 2013; Morhenn et al., 2012; Raviv et al., 2009).

4.4 Methodological reflection
4.4.1 Trial design

To facilitate efficacy research, it is imperative to test a treatment against a valid and credible sham
intervention with successful patient-blinding. Although previous studies queried the use of manual
sham procedures for clinical trials of CST (Curtis et al., 2011; Elden et al., 2013), the results of the
present study illustrate that the implementation of a manual sham treatment is feasible for thera-
pists and tolerable for patients. None of the expectancy, credibility or alliance measures was found
to be a significant predictor of group affiliation. Only satisfaction with the allocated treatment
seemed to have certain influence, but did not show significant predictive power in the intention-
to-treat analysis, which sought to adjust for systematic bias due to drop-out. The good compliance
of both CST and sham patients corroborates the tolerability of the sham protocol used. Even though
the attendance was 12.5% less than in the CST group, this difference did not reach the level of
significance. Reasons for canceled appointments were also similar between groups, except for three
sham patients, who stated that the treatment seems to be ineffective. For these cases, blinding
may not have been successful. However, study results suggest that patients’ overall compliance was
related to other, non-systematic factors than lacking credibility of the sham protocol. While non-
manual sham controls have been assessed as inappropriate for CST clinical trials (Curtis et al., 2011),
the sham condition of this study is the first one that complies with the CST protocol in terms of
duration, frequency, procedure and therapist attention. Moreover, it is safe and credible to patients
and enables the interpretation of the study results independently from the quality of the alliance
between patient and therapist. To the greatest possible extent variables such as empathy or simple
touch, which are also shown to affect pain perception (Goldstein et al., 2016; So et al., 2008), can

therefore be excluded as an explanation of the revealed differences between CST and sham.

4.4.2 Sample characteristics

The sample recruited for this study reported a long history of chronic neck complaints. The mean
baseline intensity of 64 mm VAS indicates an initially moderate (Jensen et al., 2003) but even 18 mm
higher intensity than in other trials of complementary treatments (Lauche et al., 2014a). In neck

pain patients treated with physical therapies, elevated severity of baseline neck pain was identified
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as an independent predictor of poor study outcome. Other predictors included low educational
level, low treatment expectation, and high levels of anxiety and depression (Hill et al., 2007). In this
sample, two thirds of the patients had at least high school education, expectations were high as
well, while levels of anxiety and depression only reached the boarder of subthreshold symptoms.
Thus, the study outcomes seem to be not affected systematically by high or low baseline values. As
the sample was naive with respect to CST, positive previous experiences can also be excluded as a

possible source of bias of the study outcome.

Study patients reported using a great range of conventional and complementary treatments, which
mostly complied with the recommended guidelines therapies (Childs et al., 2008; Cote et al., 2016;
Scherer & Chenot, 2016). They most often received pain medication, physical therapy, and massage
complemented with injections, acupuncture, relaxation techniques, and to a lesser extent psycho-
therapy. Despite this, 40% of the baseline sample still reported the need to take over-the-counter
analgesics. During the 8 weeks of treatment, the daily intake of analgesics decreased in both study
groups but showed considerable peaks in the sham group. The sham group also reported the use
of other concurrent therapies including massage 4 times and acupuncture 2 times, while the CST
group did not. It can therefore be concluded that neither previous nor concurrent treatments signi-

ficantly biased the follow-up neck pain complaints.

4.4.3 Outcome measures

In addition to standard questionnaires, this trial included objective physiological measures as well
as qualitative methods. The use of pressure pain stimulation should verify potential changes of
primary and secondary hyperalgesia, which in turn would allow conclusions about neuro-physio-
logical CST mechanisms. In this study, the intended increase in PPTs was achieved only at short-
term at the point of maximum pain and bilateral at the trapezius muscle. This raises the question,
why subjective self-report measures have found significant follow-up effects and objective physio-
logical measures did not? However, whether or not this discrepancy can be explained by lacking
CST effectiveness or lacking PPT validity cannot be answered conclusively. Although studies have
shown the reliability of measuring PPTs (Johnston et al., 2008; Roldan & Abdi, 2015), PPTs also
depend on variables such as patient expectations, individual attention and motor skills (Hansson et
al., 2007). Moreover, a re-analysis of 346 patients with neck pain has found that PPT follow-up
values only intercorrelated with their respective baseline scores but not with self-reported neck

pain intensity at follow-up (Lauche et al., 2014a).
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Between quantitative and qualitative outcome measures, this study found larger overlaps. Both
analyses revealed changes in pain intensity, pain on movement, functional disability, and physical
quality of life. For some other outcomes, quantitative and qualitative analyses revealed contrasting
results. While body awareness was shown to be significantly improved only immediately after the
8 weeks of CST, patients interviewed mostly perceived sustained changes, even in those cases that
did not experience improvements in pain intensity. Body dissociation did not show any changes in
the quantitative analyses, but several patients reported a reintegration of dissociated body parts
and a more entire body image in the qualitative analysis. Individual patients also reported that they
were indeed unaware of their distorted body image before CST and therefore tended to ceiling
effects when answering the baseline questionnaire. Similar variances appeared for subscales of the
FEW, which did not show significant improvements in the quantitative analysis. In contrast, inter-
view data revealed increased stress resilience, vitality, inner peace, and the ability to enjoy for sev-
eral of the patients. The quantitative analyses of mental health outcomes might be underpowered
to detect significant changes in a patient sample with comparably low baseline impairment. By
pooling effects of multiple studies, mental quality of life was also found to be significantly improved
in contrast to manual and non-manual sham (Haller et al., 2016b). Qualitative analyses also found
evidence for the improvement in anxiety, depressive symptoms, stress perception and pain accep-
tance. On the global improvement scale, CST patients showed the largest differences in comparison
to sham. However, these effects are most likely overestimated, as retrospective data tend to be

vulnerable to recall biases (Blome & Augustin, 2015).

Moreover, the credibility instrument (CEQ) was used in an adapted, non-validated version and was
not revalidated before the application to the current study patients. The performed component
analysis admittedly did confirm the original factor structure, but was executed only post hoc. In
addition, timing of the CEQ assessment could have been inadequate. Recommendations varied
from the assessment before randomization, the administration after exposure of the first treat-
ment, and end-of-trial tests (Kolahi et al., 2009). In this study, patients’ expectations about their
clinical improvement were obtained before randomization; credibility items post treatment at week
8 taking into account that unblinding may occur at any stage during the study period (Kolahi et al.,
2009). However, the correlation of credibility ratings with treatment success might argue against

the assessment after the end of the intervention (Sackett, 2004).
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4.5 Strengths and weaknesses

The strengths of the study design comprise the random and concealed allocation procedure, the
intention-to-treat analysis, the active attention- and touch-control condition, the comparable con-
current treatments and similar attendance rates as well as the successful blinding of patients and
outcome assessors. Beside the rigorous quantitative design using objective, validated methods, the
inclusion of qualitative methods emphasized the individual patient experiences during the CST
treatment. This contributed much to the comprehension of the mechanisms of action as well as the

domains of treatment outcome.

However, there are certain limitations. Firstly, the sample size was relatively small and consisted of
81.5% of female patients, which both may reduce the representativity and generalizability of the
study results. Even so, most of the analyses had adequate statistical power, which suggests repli-
cable effects in bigger samples. Epidemiological surveys also showed higher neck pain prevalences
in women (Fejer et al., 2006; Hogg-Johnson et al., 2008) as well as a higher interest of woman in
complementary therapies (Kristoffersen et al., 2014), which in turn would explain the greater parti-
cipation of women compared to men. Secondly, the comparability of the CST and sham group may
have been limited due to the allocation to the therapists as three therapists performed the CST
treatments and one therapist the sham treatments. However, the logistic regression analysis has
shown that the alliance to the assigned therapists did not systematically affect the study outcomes.
Nonetheless, the treatment protocols used only allow for conclusions about the effect of CST on
subjective clinical outcomes. It remains unclear whether CST techniques actually affect fascial struc-
tures and joints, and if so, whether these changes in turn would result in quantifiable physiological
responses. A trial design would therefore have to include further objective physiological measures

and an even more standardized application of fascial palpation techniques.

4.6 Conclusions and further perspectives

In comparison to manual sham, CST was shown to be effective and safe in reducing neck pain inten-
sity and may improve functional disability and quality of life up to 3 months post intervention. For
chronic and recurrent neck pain, CST may be a worthwhile treatment option in addition to standard
medical care. CST may be most effective in patients who require a treatment approach for both
physiological and mental complaints or in those who were currently unable to perform exercises.
Further studies with rigorous methodological designs and long-term follow-ups are required to

confirm CST efficacy in neck pain patients.
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5 Summary

Chronic neck pain is a significant public health problem with several evidence-based treatment
options. However, rates of recurrence are still high requiring research on additional approaches for
the management of chronic and, in particular, nonspecific neck pain. As studies have revealed the
frequent use of Craniosacral Therapy (CST) by patients suffering from neck complaints, this is the
first study that aimed to investigate the efficacy of CST on chronic nonspecific neck pain in compa-

rison to manual sham treatment.

According to apriori sample size calculations, 54 patients (44.6 + 10.0 years, 81.5% female) with
chronic nonspecific neck pain were randomized to either 8 weekly units of CST or light touch sham
treatment. Patients were blinded to treatment allocation and were analyzed before and after the
treatment (week 8) and a further 3 months later (week 20) using intention-to-treat analysis. The
primary outcome was pain intensity measured on a visual analogue scale. Secondary outcomes
included pain on movement, pressure pain sensitivity, functional disability, health-related quality of
life, well-being, anxiety, depression, stress perception, pain acceptance, body awareness, patients’
global improvement, and safety. Qualitative outcomes were assessed by semi-structured inter-

views.

In comparison to manual sham, CST patients reported significant and clinically relevant effects on
pain intensity at week 8 (-21 mm; 95% confidence interval = [-32.6|-9.4]; p = .001; effect size = 1.02)
as well as at week 20 (-16.8 mm; 95% confidence interval = [-27.5]-6.1]; p = .003; effect size = 0.88),
while concurrent intake of analgesics did not significantly differ between groups. Minimal clinically
important differences in pain intensity at week 20 were reported by 78% of the CST patients, while
48% even had substantial clinical benefit. Significant differences at week 8 and 20 were also found
for pain on movement, functional disability, physical quality of life, and patients’ global improve-
ment. Pressure pain sensitivity and body awareness were significantly improved only at week 8,
anxiety only at week 20. No serious adverse events were reported. Qualitative content analysis led
to hypotheses of possible CST mechanisms on autonomic nervous system plasticity, emotional regu-
lation, and mental reprocessing. Those may explain CST effects on pain, increased interoceptive
awareness, emotional release, elevated mood and confidence, changes in self-efficiency and coping

strategies, intensified social contacts and improved work efficacy.

In conclusion, CST was shown to be both specifically effective and safe in reducing neck pain inten-
sity and may improve physiological and mental function up to 3 months post intervention. Further
efficacy and comparative effectiveness studies with rigorous methodological designs and long-term

follow-ups are required.
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8 Appendix

8.1 Index of abbreviations

AMSTAR Assessing the Methodological Quality of Systematic Reviews
AOR Adjusted odds ratios

B Regression coefficient

CEQ Credibility/Expectancy Questionnaire

Cl Confidence interval

CONSORT Consolidated Standards of Reporting Trials

COREQ Consolidated Criteria for Reporting Qualitative Studies
CST Craniosacral Therapy

D Cohen’s d: effect size

DDD Defined Daily Doses

A Delta: between-group difference

ERDA Emotional/Rational Disease Acceptance Questionnaire
FEW Questionnaire for Assessing Subjective Physical Well-being
HADS Hospital Anxiety and Depression Scale

HAQ Helping Alliance Questionnaire

2 Statistical heterogeneity

N Number of subjects

NA Not applicable

NDI Neck Disability Index

P Probability to obtain the observed or more extreme results when the Hg is true
PGI-I Patients’ Global Impression of Improvement

POM Pain on Movement Scale

PPT Pressure pain threshold

PSQ Perceived Stress Questionnaire

SBC Scale of Body Connection

SD Standard deviation

SE Standard error

SF-12 Short Form Health Survey

SIG Significance

SMD Standard mean difference

VAS Visual Analogue Scale
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