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Übersichten

Table 1 Elements of the professional
trainingmodule inmanualmedicine
1. Basic course
10 ECTS (postgraduate advanced ed-
ucation) =75 teaching periods of
45–50min+10min intermission and 25h
of self-study, in which the basic knowledge
and the basic skills of manual medicine are
taught

2. Advanced course
20 ECTS (postgraduate advanced ed-
ucation) =150 teaching periods of
45–50min+10min intermission and 50h
of self-study, in which the advanced com-
petencies and skills of manual medicine are
taught

In sum
30 ECTS (postgraduate advanced ed-
ucation) =225 teaching periods of
45–50min+10min intermission and 75h of
self-study equivalent to 300h of training

ECTS European Credit Transfer System

5.11. Extremities
6. Evidence in manual medicine
6.1. General considerations
6.2. Conclusion
7. Safety in manual medicine
7.1. Risks of cervical spine high-velocity

thrust therapy
7.2. Risks of lumbar spinemanipulation

therapy
7.3. Risks of thoracic spine and rib

manipulation therapy
7.4. Risks of manipulation therapy of

the pelvic ring (sacroiliac joints)
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Part I: Curriculum of manual
medicine

Introduction

Subject of manual medicine
Manual medicine is a medical discipline
whose diagnostic and therapeutic proce-
dures are based on contemporary scien-
tific neurophysiological and biomechani-
cal principles. By using enhanced manual
skills, it firstly provides diagnostic exami-
nation of the locomotor system, head and

connective structures and secondly, by us-
ing manual techniques, treats reversible
functional disorders with the intention of
curing, preventingandrehabilitating these
conditions.

Manual medicine in Europe is an in-
terdisciplinary additional competence for
European medical specialists. Within the
framework of a multimodal therapeutic
concept, manual medicine encompasses
the interdisciplinary application of diag-
nostic and therapeutic techniques for the
management of reversible dysfunctions of
the locomotor system and its associated
reflexively interlinked conditions (verte-
brovisceral, viscerovertebral and viscero-
cutaneous), whilst additionally consider-
ing psychosomatic influences.

Prerequisites for learning and
practicing manual medicine
Preconditions for acquiring the post-spe-
cialist qualification “Manual Medicine” are
a licence to practise medicine (physician,
medical doctor) and being at least on the
path to becoming a European specialist.
The primary goal of this training is the
acquisition of additional competence and
skills in manual medicine by way of com-
pleting the professional training module.

The professional training courses for
manual medicine should be designed to
provide doctors in private practice or hos-
pitals who are concerned with the diag-
nosis and treatment of reversible dysfunc-
tionsof the locomotor systemwiththebest
tools to enhance their manual diagnostic
and therapeutic skills.

Manual medicine and its
relationship to osteopathy and
chiropractic
The European Scientific Society of Manual
Medicine (ESSOMM) considers recognised
osteopathic and chiropractic techniques
as elements that contribute to manual
medicine. Manual medicine, as used in
Europe since the second half of the 20th
century, is based on ancient roots as well
as on osteopathy and chiropractic.

The aims of a scientific manual physi-
cian, an osteopathic physician and a non-
medical chiropractor are identical. All
three tend to use their hands to diminish
pain, to improve function and to ulti-

mately contribute to healing the patient’s
body.

The origins of manual medicine can
be traced back to over 5000 years ago,
while osteopaths and chiropractors con-
tributed to the important anatomical and
systemic understanding of functional dis-
orders of the body in the 19th and 20th
centuries. The founder of osteopathy was
A.T. Still (1874) and of chiropractic treat-
ment D.D. Palmer (1897), both practising
in the USA.

In the course of time, various models
and techniques were included, and dif-
ferent “schools” developed outside the
US, e.g., in France, Great Britain, Bel-
gium, Netherlands, Switzerland, Austria,
Germany, Scandinavia, Czech Republic
or Australia. Osteopathic or chiropractic
techniques can be applied effectively by
physicians and are based on theoretical
models derived from anatomy, biome-
chanics and neurophysiology. Many of
these empirically founded and safe tech-
niques have beenwidely incorporated into
the European core curriculum of manual
medicine.

Principle structure of the
professional postgraduate
apprenticeship in manual medicine
The practice of manual medicine requires
theoretical knowledge, competencies and
enhanced manual skills, which are taught
in structured courses by specially qualified
teachers. A confirmation of the recogni-
tion/acceptance of the course as well as its
teacher is to be obtained from the respon-
sible national authority of physicians prior
to taking the course. The course sequence
should be obligatory.

Following the Bologna process in Eu-
rope, this higher medical training in man-
ual medicine requires a total volume of
30 ECTS (European Credit Transfer System;
applied to postgraduate advanced educa-
tion). The professional training module
should be therefore divided into the ele-
ments outlined in . Table 1.

Implementation of the courses

The professional training facilities for this
course must provide appropriate rooms
for the theoretical excurse as well as ex-
ercise rooms with height-adjustable treat-
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Table 2 Breakdownof the course struc-
ture

1. Basic course
10 ECTS or 100h of the basic course should
be organised in:
– 30h theory
– 70h practical experience

2. Advanced course
20 ECTS or 200h of the advanced course are
organised in:
– 40h theory
– 160h practical experience

ECTS European Credit Transfer System

Table 4 Practical experience
Examination in manual medicine
– of the peripheral joints
– scanning examination of the spine
– of the articular connections of the

head
– of the muscles of the extremities,

the torso, the spine and the head
– of the connective tissue

30h

Evaluation of the results of examina-
tion

10h

Basic mobilising, soft tissue and neu-
romuscular techniques in manual
medicine for the treatment of dys-
functions of the joints, muscles and
other tissues
– of the spine
– of the head
– of the extremities
– of the connective tissue

30h

ment tables. Amaximumof three students
shouldbeplannedper treatment table (Eu-
ropeanUnionofMedical Specialists, UEMS;
documents 2015).

The instruction consists of:
– theoretical lectures
– practical demonstrations
– exercise sessions

Following the introduction of the session
which includes theory, treatment indica-
tions and contraindications, there is revi-
sion of the practical instructions of the pre-
viously taught manual examination and
treatment techniques. Before the students
themselvespracticethesetechniques, they
are firstly demonstrated by the course di-
rector or teacher, who will then supervise
them during the exercises.

Nomorethan15courseparticipantsper
teacher should be placed in a course, and,
as amatter of principle, each course should

Table 3 Acquisition of basic knowledge andbasic skills
Theoretical principles of
– functionality, neuronal control and functional pathology of the locomotor system
– vertebrovisceral interactions
– nociception, pain and nocireaction
– biomechanical principles of the locomotor system as well as of dysfunctions of the

locomotor system
– general effects of the different manual medicine techniques, including vertebrovis-

ceral and viscerovertebral interactions and functional chain reactions

7h

Functional anatomy of the peripheral joints, the spine and the joints of the head 5h

Structure of fascia, physiological and neurophysiological features of the connective tissue 5h

Fundamental knowledge of imaging diagnostics and laboratory findings with respect to
manual medicine

5h

Pain in the locomotor system 2h

Psyche and the locomotor system 1h

Phenomenology of muscle tension and its significance in manual medicine 1h

Specificmanual medicine history taking 1h

Clinical signs that can be influenced bymanual medicine 1h

Indications and contraindications for manual medicine treatment 1h

Guidelines for documentation and patient information 1h

Table 5 Acquisition of specific competencies and skills—theory
Differential diagnosis of: 20h

– dysfunctions and diseases (locomotor system/internal disease) 4h

– radicular and pseudoradicular pain syndromes 4h

– lumbar and gluteal pain 4h

– cervicocranial and cervicobrachial pain, headache included 4h

– balance dysfunctions and vertigo 4h

Interpretation of medical imaging, especially functional radiology 4h

Functional control of the locomotor system: motor patterns, their composition and plas-
ticity

6h

Interlinked dysfunctions (chain-reactions) in the locomotor system 10h

beevaluatedbyitsparticipants. Thecourse
director and the teacher must have ad-
vanced experience in manual medicine
practices. They are obliged to regularly
participate in especially designated con-
tinuing education courses for teachers and
recommendations for thecontinuingmed-
ical education of physicians by the local
or national authorities must be respected.

Structure of the courses

Both the basic and the advanced courses
are administered in blocks. The blocks’
contents and order are determined by
theinstitution/society/associationoffering
the training. The length of the individual
blocks may be between 20 and 60 teach-
ing periods. For didactic reasons, no more
than 10 teaching units (of 45–50min each)
should be conducted per day.

The emphasis is on the teaching of
practical competencies, skills and knowl-
edge. The theoretical course units can be
integrated into the practical instruction.
The individual blocks should be sched-
uled at least 3 months apart so that the
time between the blocks can be used to
practice, perform self-studies, and solid-
ify the learned competencies and skills
(. Table 2).

Thisprofessional trainingcourse is com-
pletedwith a final examination by the pro-
vidingmedical association, certified by the
national authority.

Content of the courses

The term “hour” describes a course unit
of 45–50min.

Basic course
10 ECTS, 100h.

Manuelle Medizin · Suppl 1 · 2022 S5



Übersichten

Table 6 Acquisition of specific competencies and skills—practical experience
Segmentally specificmanipulation techniques of the spine and the joints of the extremi-
ties

45h

Enhancement of mobilisation techniques in such as specific techniques for muscle inhibi-
tion or muscle relaxation (muscle energy techniques, techniques based on post-isometric
relaxation and on reciprocal inhibition and positioning)

50h

Fundamentals of myofascial techniques 30h

Treatment strategies for interlinked functional (chain reaction) syndromes 10h

Differential diagnosis and treatment of dysfunctions of motor pattern at different control
levels

10h

Indications for physiotherapy and training for rehabilitation 5h

Integration of the manual medical treatment into a multimodal treatment concept 10h

Table 8 Essential knowledge in anatomy, biomechanics, physiology andpathophysiology
Functional anatomy and biomechanics of the locomotor system K 3 bc

ac

Physiology and pathophysiology of the locomotor system K 2 bc
ac

Functional analysis of the locomotor system K 3 bc

Principles of manual medicine and postulatedmechanisms of action K 3 bc

Anatomy, physiology and pathophysiology of the nervous system in relation
to pain and dysfunction

K 2 bc

Function and interlinked function (chain reactions) as well as the dysfunction
within and between the organs of the locomotor system (spine, extremity
joints, muscles, ligaments, fascia)

K 2 ac

Primary and secondary somatic dysfunctions, simple and complex dysfunc-
tions in the locomotor system

K 3 ac

Specific postulatedmechanisms of diagnostic and therapeutic techniques K 3 bc

Clinical syndromes and differential diagnostics of the locomotor system K 2 bc

Relevant ancillary diagnostics (e.g., laboratory, imaging, electro-diagnostics)
to manual medicine

K 2 bc

Risks and benefits of other relevant therapeuticmodalities compared to or in
conjunction withmanual medicine

K 3 ac

Indications and contraindications for different therapeutic options K 3 ac

See. Table 7 for level numbers
K knowledge, bc basic course, ac advanced course

Table 9 Essential skills related to anatomy, biomechanics, physiology andpathophysiology
Exchanging relevant information specific to the individual patient’s condition,
within a meaningful dialogue, in order to obtain informed consent

A 2 bc

Effectively inform the patient about anticipatedbenefits and outcomes, po-
tential risks and complications of manual medicine treatments

A 2 bc

To conduct effective history taking A 2 bc

To conduct physical examination S 3 bc

To perform effective, accurate palpatory diagnostics S 3 bc

Competence to deliver safe, effective manual medicine treatment in a general
population

S 2 bc
ac

Competence to deliver safe, effective manual medicine treatment in complex
morbidity or specialmusculoskeletal complaints

S 2 ac

See. Table 7 for level numbers
A attitude, S skills, bc basic course, ac advanced course

Table 7 Main focus of the courses

Levels of competence in Knowledge
(cognition):

K

Basic knowledge 1

Reproducible knowledge 2

Applied knowledge in relation to man-
ual medicine

3

Active teachingmanual medicine
knowledge

4

Levels of competence in Skills: S
Functional tests, palpation 1

Applyingmanual medicine techniques
under supervision

2

Applyingmanual medicine techniques
without supervision

3

Active teachingmanual medicine skill 4

Levels of competence in Attitude: A
History taking 1

Inform about therapeutic options/
contraindications

2

Patient education 3

K knowledge, S skills, A attitude

Acquisitionof basic knowledge and ba-
sic skills. 30h (. Table 3).

Practical experience. 70h (. Table 4).

Advanced course
20 ECTS, 200h.

Acquisition of specific competencies
and skills. Theory.

40h (. Table 5).
Practical experience.
160h (. Table 6).

Main focus of the courses

. Table 7.

Basic knowledge
Knowledge represents an ongoing pro-
cess, requiring constant effort, vigilance
and updating. Anatomy, biomechanics,
physiology and pathophysiology, as ba-
sics in manual medicine, are informed by
current developments in sciencewhich are
gathered, analysed and shared, when ap-
propriate, by the ESSOMM.

Essential knowledge. . Table 8.

Essential skills. . Table 9.
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Table 10 General anatomy objectives
To comprehend and to describe the normal functions of the musculoskeletal
and the nervous system

K 2 bc

To understand the anatomical basis of techniques used to investigate and
manage disorders of the locomotor system

K 3 ac

See. Table 7 for level numbers
K knowledge, bc basic course, ac advanced course

Table 11 Specific anatomy objectives
To describe macrostructure, anatomical relations and surface anatomy of the
elements of the locomotor system

K 2 bc

To describe the course and relation of the peripheral arteries (especially the
vertebral arteries) and the effects on these vessels of movements of the asso-
ciated skeletal structures

K 1 bc

To describe and demonstrate the course and distribution of the peripheral
and autonomic nerves

K 2 bc

To explain the motor and sensory mechanisms involved in movements and
musculoskeletal complaints

K 2 bc

To recognise anatomical variants in neural and musculoskeletal structures K 1 bc

See. Table 7 for level numbers
K knowledge, bc basic course, ac advanced course

Table 12 General physiology objectives
To understand the physiological basis of the functions and disorders of the
locomotor system

K 1 bc

See. Table 7 for level numbers
K knowledge, bc basic course

Table 13 Specific physiology objectives
To describe different types of muscle fibres K 1 bc

To describe muscle adaptability K 1 bc

To describe the effects of rest, exercise and ageing on skeletalmuscle in terms
of histochemistry and molecular structure

K 1 bc

To describe the neurophysiology, activity and function of reflexes involving
the locomotor system including somatovisceral, viscerosomatic and somato-
somatic relationships

K 1 bc

To describe the basic metabolic principles and physiology of bone, muscle,
connective tissue and nerves pertaining to the locomotor system

K 1 bc

To describe the molecular and cellular processes implicated in mechanisms of
muscle contraction

K 1 bc

To describe the molecular and cellular processes involved in the generation
and propagation of action potentials in nerves, muscles and synapses

K 1 bc

To describe the effects of rest, exercise and ageing on fascia in terms of histo-
chemistry and molecular structure

K 1 bc

To describe the motor and sensory neurophysiologicalmechanisms to explain
the symptoms of disorders of the locomotor system

K 2 bc

See. Table 7 for level numbers
K knowledge, bc basic course

Table 14 General biomechanics objectives
To understand certain concepts of biomechanics and apply them to the loco-
motor system

K 2 bc

To recognise and describe the aberrations of function of the locomotor sys-
tem

K 2 bc

See. Table 7 for level numbers
K knowledge, bc basic course

Anatomy objectives
General anatomyobjectives.. Table 10.

Specific anatomyobjectives.. Table 11.

Physiology objectives
General physiology objectives.
. Table 12.

Specific physiology objectives.
. Table 13.

Biomechanics objectives
General biomechanics objectives.
. Table 14.

Specific biomechanics objectives.
. Table 15.

Pain objectives
General pain objectives. . Table 16.

Specific pain objectives. . Table 17.

Diagnostic examination
Conventional medical examination.
. Table 18.

Examination using manual medicine
techniques. . Table 19.

Recording diagnostic findings.
. Table 20.

Treatment modalities
General treatment. . Table 21.

Disease prevention and health promo-
tion. . Table 22.

Clinical pictures
Clinical pictures in manual medicine.
. Table 23.

Diseases, disorders and conditions.
. Table 24.

Certification

ESSOMM accepts national certificates of
manual medicine for accreditation of a Eu-
ropeandiploma. Aprerequisite is that their
structured curriculum of manual medicine
is as described in the previous chapters.
For this acceptance the executive board of
the ESSOMM is authorised to ensure that
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Table 15 Specific biomechanics objectives
To define, in biomechanical terms, the following terms as they are applied to
joints: hypomobility, hypermobility, and instability

K 3 bc

To describe biomechanical differences between somatic dysfunction and
capsular patterns

K 3 bc

To demonstrate an ability to apply and interpret the following termswith
respect to any of the tissues of the locomotor system: stress, strain, stiffness

K 3 bc

To describe the movement of any joint in terms of translation and rotation
about biomechanical axes

K 3 bc

See. Table 7 for level numbers
K knowledge, bc basic course

Table 16 General pain objectives
To understand the physiology and pathophysiology of pain with their bio-
psychosocial implications

K 2 bc

To understand the somatic and visceral structures which contain receptors
capable of reporting noxious stimuli that may elicit pain

K 3 bc

To understand the relationship between pain and function, i.e., pain as conse-
quence and as cause of dysfunction

K 2 bc

See. Table 7 for level numbers
K knowledge, bc basic course

Table 17 Specific pain objectives
To describe, at an appropriate level, the classificationof pain K 2 bc

To differentiate acute and chronic pain and their proposed mechanisms K 2 bc

To describe the anatomy, physiology, pathophysiology and currently under-
stood mechanisms of pain

K 2 bc

To describe the understood patterns of referred pain to and from the locomo-
tor system

K 2 bc

To describe the relationship between psychosocial factors and chronic pain K 2 bc

To describe the role of the autonomic nervous system in relation to pain K 2 bc

See. Table 7 for level numbers
K knowledge, bc basic course

Table 18 Conventionalmedical examination

To perform a conventional medical examination in order to understand the
condition of the patientwith respect to decision-making regarding the indi-
cations and contraindications of the therapeutic options

S 3 bc

To perform history taking and examinationwith emphasis on orthopaedic,
neurological, occupational and bio-psychosocial factors

S 3 bc

To perform systemic and ancillary tests, where indicated S 3 bc

To prioritise diagnostic tests based on sensitivity and specificity S 3 bc

See. Table 7 for level numbers
S skills, bc basic course

national curricula conform to this stan-
dard and can, when appropriate, refuse
the European certification (diploma).

Part II: Principles of manual
medicine

Neurophysiological background of
dysfunction

Introduction
The results from various fields of basic re-
search (neurophysiology, neuroanatomy,
neuropharmacology, myofascial pain re-
search, anaesthesiologyandpainmanage-

ment medicine) in terms of translational
research have created new evidence in
manual medicine worldwide [1, 2]. The
following explanations and diagrams on
important key painmedical and functional
terms achieve “a degree of simplification
that is at the limitof tolerance, butbasically
the statements remain very close to the
scientific content and are reliable” (Walter
Zieglgänsberger, Max Planck Institute for
Neuropharmacology, Munich, Germany).

The author of the present article and
numerous experienced manual physicians
have internalised this content into daily
diagnostic and therapeutic activities and
thus achieved anadvanced specificationof
thedifferentialdiagnosesand, aboveall, an
improvement in differential detailed ther-
apeutic planning. This also and above all
includes finding the indication for manual
medical interventions.

The role of nociafferents
The body reacts to nociceptive stimuli via
metameric and central interconnections
in the sense of nocireactive motor system
activation (. Fig. 1).

Clinically, there is a pain-related mo-
tor coordination disorder (e.g., abdominal
muscular defence, protective extremity re-
flex, gaitdisorderwithactivatedcoxarthro-
sis, malposition with lumbar spine block-
age, signs of muscular imbalance).

Sympathetic system activation
Axon collaterals of the posterior horn neu-
rons also excite sympathetic-origin neu-
rons in the thoracic lateral horn and gen-
erate vegetative efferents (. Fig. 2).

Clinically, the following can occur:
changes in skin blood flow, piloerection,
increased sweat secretion, tachycardia,
increase in blood pressure, etc. There are
also routes of parasympathetic dysregu-
lation via the vagus nerve and the pelvic
splanchnic nerves. An extreme form of
sympathetic system activation is the com-
plex regional pain syndrome 1 (CRPS 1,
formerly known as Sudeck dystrophy).

Convergence
At the multireceptive dorsal horn neuron
(MRHHN), not only afferents from the re-
spective vertebral joints converge, but also
afferents fromvarious regions thatareeach
assigned to a segment, i.e., afferents from
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Table 19 Examination usingmanualmedicine techniques
To perform examination to identify normal locomotor functions and their
disturbance

S 3 bc

To perform manual techniques for the diagnosis of the locomotor system and
other tissues involved in the patient’s pathology:
– joint play examination
– examination of muscular tension
– evaluation of the connective tissue tension
– evaluation of viscerovertebral chain reactions

S 3 ac

To follow a holistic approach in the framework of medical diagnostic methods S 3 ac

To perform screening examination to identify if there is a problem in the
locomotor system that deserves additional evaluation

S 3 bc

To perform a completemanual examination starting from the whole person
and thenmoving regionally with the final focus being local and specialised

S 3 bc

To perform a scanning examination to identify which regions and tissues
within the region are dysfunctional and of relevance at a level appropriate to
the treatment skills

S 3 ac

To conduct regional palpatory examinations of the tissues of the locomotor
system to identify dysfunctions

S 3 bc

To perform manual and functional diagnostics of the locomotor systemwith
special consideration of pain reactive signs

S 3 bc
ac

To conduct palpatory examinations of local tissues to determine the specific
dysfunctions considered for manual medicine treatment and the characteris-
tics that will be important when considering the indications and contraindica-
tions of a specific treatmentmodality

S 3 ac

To conduct different palpatory examinations in order to look at and record
elements of pain provocation, sensory changes, tissue texture changes, exam-
ination of range of motion and characteristics of end-feel barrier

S 3 bc
ac

To conduct re-evaluation of diagnostic findings S 3 ac

See. Table 7 for level numbers
S skills, bc basic course, ac advanced course

Table 21 General treatment

To perform manual techniques for the treatment of the locomotor system and
other tissues involved in the patient’s pathology such as
– positioning techniques
– exercises for stabilisation,muscle strain and muscle training

S 3 bc

To perform mobilisation techniques including specific techniques for muscle
inhibition or muscle relaxation (techniques based on post-isometric relax-
ation and on reciprocal inhibition, and positioning techniques)

S 3 bc

To perform segmentalmanipulation techniques of the spine and manipula-
tion techniques of the peripheral joints

S 3 bc
ac

To supervise physiotherapy of the locomotor system and training for rehabili-
tation

K 2 ac

To perform myofascial and related soft tissue techniques S 3 ac

To perform trigger-point therapy S 3 ac

To apply treatment strategies for interlinked functional (chain reaction) syn-
dromes

S 3 ac

To integrate the principles of treatment of manual medicine intomultimodal
treatment concepts

K 3 ac

See. Table 7 for level numbers
K knowledge, S skills, bc basic course, ac advanced course

Table 20 Recording diagnostic findings
To record the patient evaluation
and patient progress by using
various methods of measure-
ment, e.g., visual analogue scale
(VAS), dolorimeter, impairment
scales, general health scales

S 2 bc

To record relevant specific
findings in terms of manual
medicine

S 3 bc

To maintain quality manage-
ment

K 2 bc

See. Table 7 for level numbers
bc basic course

skin, muscles, tendons and internal organs
(. Fig. 3).

According to this, nociafferents from
nonvertebral structures in the common fi-
nal path of motor system activation can
also lead to vertebral dysfunctions, for
which we know numerous clinical exam-
ples (lung cancer, thoracic spine blockage,
adnexitis, lumbar spine obstruction, pro-
statitis, SIG [sacroiliac joint] blockage, etc.).
Clinical caveat: the first symptom of pan-
creatic cancer can be a recurrent thoracic
spine obstruction.

Peripheral sensitisation
If a nociceptor is permanently stimulated
above the threshold by a sustained nox-
ious stimulus (e.g., UV radiation, mechan-
ical overload of a joint or vertebral joint,
or compression of the nerve), it changes
its biochemical behaviour (. Fig. 4). It se-
cretes neurokinins (substance P; calcitonin
gene-related peptide, CGRP; etc.) into the
extracellular space, which in turn trigger
the so-called inflammatory cascade.

Phospholipase A2 (PLA2) dissolves
arachidonic acid from the membranes,
cyclooxygenase 2 (Cox 2) converts arachi-
donic acid into prostaglandin E2, which
attaches to receptors of the same no-
ciceptor and increases the sensitivity of
the nerve there. Thereby, the threshold
of the nociceptor is lowered at the skin
contact and the joint movements are
painful. The neurokinins also produce
vasodilation (Rubor) and extravasation
(Tumor) and thus, in addition to lower-
ing the stimulus threshold (Dolor) and
occasionally converting proprioceptive
into nociceptive afferents (functio laesa),
create the full picture of inflammation,
namely neurogenic inflammation. In the
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Table 22 Disease prevention andhealth promotion
To use all treatmentmodalities to prevent recurrence of presenting problems A 3 ac

To recommend exercise and sound ergonomic behaviour for rehabilitation
and prevention

A 3 ac

To instruct in self exercises A 3 ac

See. Table 7 for level numbers
A attitude, ac advanced course

Table 23 Clinical pictures inmanualmedicine
To know and identify disorders or dysfunctions of axial and appendicular
structures:
– cranium
– craniocervical junction
– cervical spine
– cervicothoracic junction
– thoracic spine
– thoracolumbar junction
– lumbar spine
– lumbosacral junction
– sacroiliac joints, pelvic girdle
– peripheral joints

K 3 bc

To know and identify viscerosomatic, somatovisceral, psychosomatic and
somatosomatic reflexes

K 3 ac

To incorporatemanual medicine disorders or dysfunctions into rehabilitative
concepts, including the ICF model

K 2 ac

To know and identify the disorders and dysfunctions with the appropriate ICD
code

K 3 ac

See. Table 7 for level numbers
K knowledge, bc basic course, ac advanced course, ICF International Classification of Functioning,
Disability and Health, ICD International Classification of Diseases

Table 24 Diseases, disorders and conditions
To understand the differential diagnosis, relevance and interrelationshipwith
manual medicine of the following conditions:
– general neurological disorders (signs and symptoms)
– neurological disorders
– non-cervicogenic headache
– orthopaedic disorders
– rheumatologic disorders
– spinal affections
– vascular abnormalities
– paediatric disorders
– trauma of the spine
– tumours of the spine

K 3 bc

To understand special considerationwith respect to gender, age and develop-
ment (especially paediatrics and geriatrics)

K 3 ac

See. Table 7 for level numbers
K knowledge, bc basic course, ac advanced course

case of neurogenic inflammation, man-
ual medical interventions do not work;
preparatory pharmacotherapy is required
here. Clinical therapeutic side glance:
PLA2 is inhibited by steroids, Cox 2 is
inhibited by non-steroidal anti-inflamma-
tory drugs (NSAIDs).

Central sensitisation
Long-term nociceptive influx also causes
sensitisation processes in the spinal cord,
which are essentially comparable to the
processes at the nociceptor during periph-
eral sensitisation (. Fig. 5). The processes
in the spinal cord can be regarded asmuch
more complex and complicated, since mi-
croglia, mast cells, astrocytes and neu-
rovascular complexes are also involved to

a large extent. Here, too, the starting point
of these processes is the secretory activi-
ties of the afferent fibres, and the central,
noninducible Cox 2 also plays an essential
role in the synthesis of the centrally active
prostaglandin E2.

The contemporary terminology for sen-
sitisation of the spinal cord is “neurogenic
neuroinflammation” according to Sand-
kühler [3].

Clinical significance: nociafferent in-
flux is intensified, pain-inhibiting mecha-
nismsareweakened, nociceptive receptive
fields increase (pseudoradicular radiations,
Head’s zones, referred pain), inhibitory re-
ceptive fields are reduced and the psy-
choaffective components of pain percep-
tion are intensified; fears and dysphoric
states increase [3, 4].

In terms of therapy, the focus here is
on centrally effectiveNSAIDs, acupuncture
and suitable proprioception produced by
manual medicine.

Inhibitory system
In addition to the opioidergic and sero-
toninergic descending inhibitory func-
tional systems, the GABAergic inhibition
system plays an important role in man-
ual medicine (. Fig. 6). By generating
proprioceptive afferents (touch, massage,
physiotherapy, movement in a pain-free
space, manipulation and mobilisation),
pain-inhibiting action potentials are gen-
erated in GABAergic interneurons, which
reduce the level of activity of the multi-
receptive dorsal horn neurons and thus
weaken the conduction of nociceptive
excitations.

Inadditiontothepossibilityofmanually
releasing mechanical deadlocks, this man-
ual medical possibility of intervening in
neurophysiological pain regulation is likely
to play an even more important role in ex-
plainingmanualmedical effects. This does
not only seem to have a segmental effect,
since a corresponding study has shown
an increase in the pressure pain threshold
even inplaces far fromthemanipulation [5,
6]. The neurophysiology of pain inhibition
in general has been known for a very long
time [7], but has only recently found its
way into differential treatment planning
[8, 9]. Clinically, all functional methods
also target the pain-relieving systems.

S10 Manuelle Medizin · Suppl 1 · 2022



Fig. 18Nociafferents arrive from the periphery to themultireceptive posterior horn neuron (MHN).
TheMHNgenerates reactive changes inmotor coordination via axon collaterals targetingmotor neu-
rons in the anterior horn. (With kind permission from©Prof. H. Locher, didactic graphic D. Deltschew.
All rights reserved)

Fig. 28 Schematic drawingof the pathways of sympathetic systemactivation.1. symp. efference ra-
mus communicans albus (white ramus communicans), 2. symp. efference ramus communicans
griseus (grey ramus communicans). (With kind permission from©Prof. H. Locher, didactic graphic
D. Deltschew. All rights reserved)

Conclusion
Basically, manual therapy always has three
components that cannot be separated
from one another, since the subsystems
are intensively networked with one an-
other.
1. Mobilisations, manipulations, mas-

sages, etc., or physical stress induce

an afferent pattern, which informs the
pain-inhibiting systems and integrates
them into a response.

2. Likewise, the blood circulation is
promoted (massages, mobilisations,
etc.), the milieu of the interstitial
space is antinociceptively influenced
by the blood circulation, thereby

also changing the inflammatory
situation, triggering immunological
reactions, stimulating the signalling
substance production of the fibrocytes,
triggering the myocytes to release
neurotransmitters. All of these active
components were also “previously”
causes of inflammation and obviously
not adequately controlled by an
intervention.

3. For example, high-velocity low-ampli-
tude techniques or others eliminate
functional disorders at least partially
or, at least for a certain time, com-
pletely. That depends on whether the
coordination is treated in parallel or
there are already maladaptive changes
in the joint and movement segment
structures.

Every treatment technique triggers the ac-
tivity of the pain-inhibiting systems and
modulates the activity level of the periph-
eral nociceptive causes.

Any therapy that focuses on pain will
and should have an intensity-dependent
antinociceptive effect. High intensities are
necessary for this. At the same time, it will
and should reduce the causes of pain.

In the case of degenerative and or in-
flammatory diseases (arthrosis, rheumatic
diseases), in metabolic diseases or after
injuries, pain must be minimised directly
or indirectly, but then in the long term for
the peripheral and central reorganisation,
active interventions need to be carried
out. Maladaptation is not reversible, but
represents the training status of the sen-
sorimotor system; the muscles decide as
an afferent pattern and as a biochemical
signal generator about the pain situation.

Summary
All forms of manual therapy and many
other functional therapy methods aim,
among other things, at influencing pain-
inhibiting systems [2].

Nociceptive afferent input into the cen-
tral nervous system (CNS) needs to be re-
duced in order to facilitate the return of
structural and functional musculoskeletal
normality [10].
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Fig. 38Afferents fromdifferent tissues convergeonadorsal hornneuron,whichwhy it is oftencalled
awide dynamic range neuron (WDR). (With kind permission from©Prof. H. Locher, didactic graphic
D. Deltschew. All rights reserved)

Fig. 48Mechanismsofperipheral sensitisation. (Withkindpermissionfrom©Prof. H.Locher,didactic
graphic D. Deltschew. All rights reserved)

Principles of mobilising treatments
of the spine

General considerations
1. The locomotor system and the au-

tonomic nervous system respond to
afferent input of any origin.

2. Segmental functional testing may
increase or decrease nocireactive
motor response in terms of changes in
the tension of muscles and fascia.

3. Afferent input may also initiate reflex
changes of tissues innervated by the
autonomic nervous system.

4. Increased muscle tension results in
reduction of passive range of motion
of vertebral segments.

5. Segmental dysfunction can be identi-
fied by palpation.

6. Clinical functional examinations at-
tempt to identify altered movement
patterns that represent both restriction
and free direction of motion.

7. Vertebral dysfunction may be caused
by pathologies outside the locomotor
system.

Manual medicine (provided by physicians)
uses all the most up-to-date medical skills
and knowledge such as anatomy, biome-
chanics, physiology, biochemistry and
imaging.

Theuniquepropertyofmanualmedicine
amongst other medical specialties is the
possibility of entering into the system
of diagnosis by identifying the motor
and other reactions by palpation (i.e., by
the reproducible finding of functionally
induced tissue changes; . Figs. 7 and 8).

Principles of manual diagnostics
Prior to manual examination, a standard
orthopaedical and neurological examina-
tion is always performed.
1. Global range of motion (ROM)—asym-

metry?
2. Segmental or regional range of motion

(mobility=M)
3. Segmental irritation= I (activation of

afferent neurons followed by nocireac-
tion)

4. Provocation to identify painful direc-
tion(s)= P

5. MIP diagnostic system is essential
to identify the reversibility of any
dysfunction of the spine

6. To plan any manual treatment, theMIP
test must reveal at least one pain-free
or unrestricted direction per plane

Principles of manual therapy
1. Basically, there are four possibilities of

manual treatments:
jManual mobilisation—without
thrust

jManual manipulation—with thrust
jNeuromuscular techniques
jSoft tissue techniques

2. Before the decision about the thera-
peutic manual approach, be aware of
possible contraindications

3. No increase in nociception, no increase
inpain andnocireactionduring therapy

4. Achieving long-term decrease of
nociceptive activity of multireceptive
dorsal horn neurons
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Fig. 58Mechanisms of central sensitisation. (With kind permission from©Prof. H. Locher, didactic
graphic D. Deltschew. All rights reserved)

Fig. 68GABAergic interneurons asmediators of inhibitory activity through proprioceptive influx.
(With kind permission from©Prof. H. Locher, didactic graphic D. Deltschew.All rights reserved)

Cervical spine
Diagnostic procedures of spinal dys-
function—cervical spine.
1. Global range of motion (ROM)
2. Segmental ROM (end feeling)M
3. Segmental irritation I
4. Combined functional testing
5. Provocation: for the preparation of

a thrust treatment, it is necessary to

distinguish the directions of increase
or decrease of nocireaction P
MIPMobility—Irritation—Provocation

Therapeutic techniques—cervical spine.
1. Global

jneuroinhibitory techniques
jsegmental soft tissue techniques

2. Regional or segmental
jneuromuscular techniques
jsegmental soft tissue techniques

jsegmental mobilisation (direct/
indirect) in addition with facili-
tation using respiration and eye
movements

3. Before the decision about the thera-
peutic manual approach, be aware of
possible contraindications

4. No increase of nociception, no increase
ofpainandnocireactionduring therapy

5. Achieving long-term decrease of
nociceptive activity of multireceptive
dorsal horn neurons

Thoracic spine
Diagnostics of spinal dysfunction
—thoracic spine.
1. Posture
2. Global mobility

jbending forward—bending back-
ward—side bending

jrotation in sitting position
3. Information about segmental

irritation I
jsegmentalmobilityM
jmuscular hypertonicity, nocireactive
motor patterns

jsymptoms of autonomous regu-
lation (skin rolling test, dermo-
graphism, skin temperature)

4. Segmental provocation by functional
movements searching for functional
asymmetries P
MIPMobility—Irritation—Provocation

Therapeutic techniques—thoracic spine.
1. Global

jsoft tissue techniques
jaxial traction techniques in upright
position

jtangential push-traction
2. Regional or segmental

jcrossed-hand technique in prone
position

jsupine thenar technique
jtechnique on tender points
jneuromuscular inhibition tech-
niques

Rib dysfunction
Diagnostics—rib. Rib
– Mobility: costal or intercostal motion

during respirationM
– Irritation: area insertion of the levator

costae muscle I
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Fig. 78Model of the neurophysiology of segmental dysfunction.The terms “muscle for lordosis” and
“muscle for kyphosis”mentioned in the figure are used as a highly simplifiedmodel of three-dimen-
sional complex innervation patterns of spinalmuscles as a neurophysiological reaction of body pro-
tection. VB vertebral bone, Iv intervertebral joint, SC spinal cord,WDRwide dynamic rangeneuron.
(With kind permission from©Prof. H. Locher,MWE)

Fig. 88 Some known contents in the neural connections of the spinal cord shown in.Figs. 1–7.
WDRwide dynamic range neuron,RIN Renshaw inhibitory neuron,MNmotoneuron. (With kind per-
mission from©Böhni, Lauper, Locher; 2014)

– Provocation: checking irritation under
inspiration and expiration P
MIPMobility—Irritation—Provocation

Therapeutic techniques—rib. Rib
– Mobilisation in prone position
– Crossed-hand technique in prone

position
– Mobilisation in lateral position
– Supine thenar technique

Lumbar spine
Diagnosticsof spinaldysfunction—lum-
bar spine.
1. Posture
2. Testing of regional or segmental

MobilityM
jside bending, flexion extension
jrotation in sitting position

3. Irritation: paraspinal segmental mus-
cles I

4. Provocation: check for painful and
pain-free motion directions P
MIPMobility—Irritation—Provocation

Therapeutic techniques—lumbarspine.

Lumbar spine
– Soft tissue techniques
– Neuromuscular techniques
– Regional or segmental mobilisation

(e.g., rotation traction in lateral recum-
bent or prone position)

Sacroiliac joint (SIJ) and pelvic girdle
Preliminary remarks. All movements
of SIJ components are defined by the
anatomic form of the joint surfaces of the
ilium and the sacrum and are physiologi-
cally possible only in a minimal range of
a few degrees (2–4°). In contrast to all
other joints according to the definition
of true diarthrosis, actively intentioned
movements within the SIJ in a functional
direction are not possible. Therefore,
movements of the SIJ are not comparable
with the functional pattern of other joints.

Didactically motivated orientation on
functional three-dimensional axes has no
basis in functionalbiomechanical evidence
and should not be considered further. In
the basic course, we teach only techniques
that involve unspecific forces to the SIJ
components. The selection of techniques
dependsontheresultsof the functionalex-
amination and the pain-provocation tests.
The aim is to influence the dysfunction
based on reactive processes in order to
induce a reduction of tension and pain.

There is wide variation in the accepted
practice of SIJ testing. A general consen-
sus has not been achieved. Regarding
forward bending or so-called spine tests,
even though clinical mobility exists, diag-
nostical conclusions are uncertain. At this
stage we note that mobility tests have not
been proven sufficiently reliable. Instead
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Fig. 98Diagramondistance/force adapted tomovements of joints (and
segments) concerning the degree ofmobility (joint play).NZ neutral zone,
EZelastic zone,PZplastic zone,Th therapeutic range. (Withkindpermission
from©Böhni, Lauper, Locher,manualmedicine 1, 2014, Thieme)

Fig. 108Diagramondistance–force (tension) of one degree of free-
domofmobility (e.g., flexion/extension or gliding anteroposterior/
posteroanterior). aNormal findings. b Restriction to the right side, ac-
tual neutral positionmoved to left side (grey ordinate). EZ elastic zone,
NZneutral zone,Th therapeutic range. (With kindpermission from©Böhni,
Lauper, Locher,MM1, 2014, Thieme)

of using mobility tests, it seems therefore
advisable to use pain-provocation tests.

Signs of irritation in SIJ-related tissues
may give information on SIJ dysfunction,
acknowledging the fact that projections
on S1 and S2 also derive from different
lumbar segments.

No other dysfunction deserves more
consideration of differential diagnoses
than the SIJ. The initial diagnostic proce-
dure should exclude other (such as lumbar
or higher convergence) dysfunctions be-
fore identifying SIJ dysfunction.

Depending on the results of functional
or pain-provocation tests as well as other
clinical findings concerning the SIJ, the de-
cision about appropriate therapeutic tech-
niques can be made.

Diagnostics of joint dysfunction—sa-
croiliac joint andpelvic girdle. Sacroiliac
joint and pelvic girdle
– Compression test
– Distraction test
– Thigh thrust (4P test= “posteriorpelvic

pain provocation”)
– Sacral springing test
– Pelvic torsion test (Gaenslen test)
– Flexion–abduction–external rotation

test (FAbER test, Patrick test, sign of 4)

Therapeutic techniques—sacroiliac
joint and pelvic girdle. Sacroiliac joint
and pelvic girdle
– Nonspecific mobilisation in nutation/

counternutation direction
– Traction mobilisation by vibration
– Adduction mobilisation in prone

position
– Ilium rotation to induce sacrum nuta-

tion without high-velocity thrust

Principles of mobilising treatments
of peripheral joints

General considerations
In order to define the appropriate tech-
nique for manual treatment of peripheral
joints, a concise basic examination of the
respective joint is necessary. This exam-
ination comprises investigating the func-
tionalmovement, therangeofmotion inall
planes, the joint play and the palpation of
the different tissue levels in order to differ-
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Fig. 118 Convex–concave rules. P1distantpoint to joint,P2nearpoint to joint,D rotationpoint,Mo-
bil.punctummobile,Flx.punctumfixum. (With kindpermission from©Bischoff&Moll, 6th ed., 2011,
perimed)

entiate structural lesions from functional
disorders. This is a precondition before
starting with any manual treatment.

In general, manual techniques in pe-
ripheral joints are indicated in the follow-
ing conditions:
1. Reduction of functional mobility and

joint play
2. Painful functional disorders
3. Posttraumatic, postinflammatory,

postoperative, postimmobilisation and
degenerative stiffness

4. Certain cases of neuropathology (e.g.,
spastic paralytic contractions)

5. Post-CRPS stiffness or contraction

In termsof peripheral joints, we talk specif-
ically about joint play (. Fig. 9). These
movements are related to some consid-
erations involving general biomechanical
rules of joint mobility.

In this sense, we follow the model of
dysfunction as a reduction in the total joint
play (. Fig. 10).

The followingmovements in a joint can
be differentiated and should be taken into
consideration before planning any kind of
diagnostic or therapeutic approach:
1. Rolling=wheel runs on a road
2. Gliding= wheel turns on the spot
3. Roll-gliding=wheel runs and glides at

same time
4. Translation=wheel glides without

rotation

5. Axial forces: compression (coaptation)
and separation (decoaptation)

Although the exact role of compression
to a joint during a manual procedure has
not been completely defined, it has been
shown that the improvement of joint play
movements will have a positive influence
on the nutrition and regeneration of joint
cartilage. The repetitive change of com-
pression and separation acts as a pump of
synovial fluid in and out of the cartilage.
This way compression may have a positive
therapeutic influence on joint cartilage; it
may also improve proprioception and re-
ducenociceptionaswell as havingpositive
effects on the capsule.

In order to improve any functional
movement of a peripheral joint, the re-
duced joint play capacity of the respective
joint must be increased.

In terms of the peripheral joints, the
convex–concave rules have to be consid-
ered:
1. In case of mobilisation of the (periph-

eral) convex partner:
jP1 and P2 aremoving in the opposite
direction

2. In case of mobilisation of the (periph-
eral) concave partner:
jP1 and P2 are moving in the same
direction (. Fig. 11)

This means, for example, that in order
to improve abduction in a shoulder, the

humerusheadhas tobemobilised inacau-
dal direction, or to improve flexion of the
knee, the tibial head must be mobilised
in dorsal direction.

Therapeutic procedures on limbs are
possible applying traction or light com-
pression.

The capsular pattern indicates specific
movement restrictions. Each joint has its
typical capsular pattern. In a hip joint this
is the internal rotation (and extension).

For functional examination, follow the
algorithm MANSC-VV:
– Myofascial
– Articular
– Neuromeningeal
– Stabilisation tests
– Central disorders
– Visceral and vascular

Upper limb
Finger joints. Therapeutic procedures:
– Dorsal and palmar mobilisation
– Lateral mobilisation to both sides
– Rotational mobilisation
– Three-dimensional mobilisation

Thumb. Saddle join: convex–concave in
one plane, concave–convex in another
plane.

Therapeutic procedures:
– Mobilisation of the saddle joint

Wrist.
1. Diagnostic procedures:

jcheck for function (extension,
flexion, abduction, adduction)

jcheck the mobility of every carpal
bone—in two rows (respect the
convex–concave rule)

2. Therapeutic procedures:
jtraction
jtranslation of the first or second row
in all possible directions

jmobilisation of each carpal bone
individually

Elbow.
1. Diagnostic procedures:

jcheck function humeroulnar,
humeroradial and radioulnar joint
(range of motion)

jpalpation: muscles, ligaments,
insertions and nerve passages
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Table 25 Diagnostic procedures for the foot
Joint line Diagnostic procedure

1 Upper ankle (tibiotalar) Flexion–extension

2 Lower ankle (talocalcanear) Extension–flexion

3 Chopart and Lisfranc lines–middle foot Supination–pronation

4 Metatarsophalangeal joints (I–V) Inversion–eversion

2. Therapeutic procedures:
jtraction
jsoft tissue techniques to the elbow
jmobilisation of the elbow

Shoulder girdle. The shoulder has five
different areas of mobility, which all have
to function correctly. All areas and related
muscles must be tested.
– Acromioclavicular joint
– Sternoclavicular joint
– Glenohumeral joint
– Scapular-thoracic gliding area
– Subacromial gliding space

1. Diagnostic procedures:
jexamination directions:
jabduction and elevation
jinternal and external rotation
jmovements to back and neck
jarticular mobility anteriorly and
medial clavicular ligaments

2. Therapeutic procedures:
jsoft tissue and muscle techniques
jmobilisation techniques:
scapular-thoracic gliding area
subacromial space
acromioclavicular joint
sternoclavicular joint
glenohumeral joint

Lower limb
Foot. . Table 25.

Toes, metatarsal connections, tar-
sometatarsal, ankle and subtalar joints,
distal tibiofibular connection:

Therapeutic procedures:
– Soft tissue and muscle techniques
– Mobilisation with respect to the

individual joint play

Knee. Tibiofibular, femorotibial, patello-
femoral joint.
1. Diagnostic procedures:

jfunctional mobility and joint play
2. Therapeutic procedures:

jsoft tissue and muscle techniques
jmobilisation

Hip.
1. Diagnostic procedures:

jexamination of mobility and joint
play

2. Therapeutic procedures:
jsoft tissue and muscle techniques
jmobilisation

The nature of segmental dysfunction

Introduction
Using thebiomedicalmodel rooted inAris-
totelean logic, neuromusculoskeletal dis-
orders have been thought to be caused
by structural change or injury to tissues,
which in turn drives pathology and its
symptomatology [13]. On the other hand,
manual medicine practise rests on differ-
ent principles, where it is the ability of
the human body to self-regulate, self-heal
and maintain its health that is the focus,
withthepractitionerworkingto restore the
interrelationship between structure and
function [14]. Therefore, segmental dys-
function (SD) encompasses amore holistic
andmultifactorialapproach,wherethedis-
ruption of normal physiological function
of the neuromusculoskeletal system is de-
termined by changes in neurophysiology,
sensorimotor functions and theautonomic
nervous system, as well as by motivational
affective cognition and other psychologi-
cal factors [13]. This makes SD a complex
entity to explore, understand and treat.

Physiological changes
By different authors, SD was shown to be
associated with segmental neurophysio-
logical facilitation at the spinal cord level,
which in turn effects changes in peripheral
tissues and viscera.

Further elaborations of Korr’s model
developed to accept that SD originates
from a nociceptive stimulus within a body
structure, with or without actual structural
damageor injury [15]. In this “painmodel”,
nociceptiveneuronsactivatedperipherally
within visceraor somatosensory structures

(e.g., skin or musculoskeletal components,
including connective tissue) activate no-
ciceptive responses in adjacent peripheral
tissues as well as interneurons with which
they synapse in the dorsal columnat a spe-
cific nerve root segment in the spinal cord.
This afferent signal processed by interneu-
rons has ramifications in other parts of the
nervous system, for instance ventral horn
motor neurones, autonomic nervous sys-
tem ganglia, and via the spinothalamic
tract to central nervous system pain-pro-
cessing centres such as the insula, anterior
cingulated cortex, prefrontal cortex and
somatosensory cortex [14–16]. The or-
chestrated activation and interplay of the
different branches of the nervous system
(peripheral, central and autonomic) inter-
act tomaintain andmodulate the nocicep-
tive drivers, fostering the malfunctioning
of musculoskeletal and/or visceral struc-
tures. As there is no overarching model
that helps determine the balance and in-
teractions between all the pathophysio-
logical pathways that drive pain and the
development of SD, it is helpful to review
each process individually, as they manifest
ineachpatient indifferentproportions and
context.

Peripheral inflammation. It is well estab-
lished that direct or indirect injuries, as
well as functional limitations (i.e., without
structuraldamage)canbecharacterisedby
inflammatory responses in the affected tis-
sues [17]. In musculoskeletal SD, the pain
generators include muscle, tendon, liga-
ment, fascia, intervertebral disc, articular
cartilage, joint capsule, bone (periosteum)
and vascular stroma [18]. The activation
of nociceptor free endings within the con-
nective tissue of visceral, dermal or mus-
culoskeletal structures will cause the local
release of peptide transmitters, such as so-
matostatinandsubstanceP,aswell asother
inflammatorymediators suchashistamine,
serotonin and immune complements [15].
This leads to local tissue vasodilation, im-
mune cell activation (e.g., macrophages
and lymphocytes) and oedema due to in-
creased leaky capillaries. The modulation
of the nociceptive neuron ensures this re-
sponse spreads from the site of theoriginal
nociceptive stimulus to the surrounding
area, recruiting other nociceptors and low-
ering their threshold to respond to further
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stimulus, creating a cascade response that
further assists other branches of the ner-
vous system, such as autonomic response
and nociceptive reflex.

Nociceptive reflex. The activation of no-
ciceptors has a modulatory effect, via
their cell bodies in the dorsal root ganglia,
at the corresponding segmental spinal
level, where they synapse directly, or
indirectly via interneurons, in the dorsal
horn. Through a series of interneuronal
connections within the spinal laminae,
a signal is transmitted to the segmental
motor neurones in the anterior horn,
which in turn exerts a musculoskeletal
reflex in the muscle fibres affected by
the nociceptive stimulus, leading to mus-
cle spasm or hypertonicity. However,
the web of interneurons amplifies the
nociceptive signal beyond the affected
segment, thus orchestrating a variety
of coordinated sensory, musculoskeletal
(somatic) and autonomic (visceral) re-
sponses, which affect the functioning of
multilevel dermatomes, myotomes and
viscerotomes [15]. It is therefore pos-
sible to infer that a nociceptive reflex
can cause a combination of somatoso-
matic, somatovisceral, viscerosomatic and
viscerovisceral responses.

Autonomic response. Theories that the
autonomic nervous system modulates pe-
ripheral and visceral responses following
a peripheral painful or nonpainful stimu-
lus have been proposed since the 1950s
[19]. Furthermore, Korr demonstrated that
sympathetic pathways at segmental levels
correlating to the SD showed increased ac-
tivity [20], which is thought to explainwhy
pain can persist once the nociceptive stim-
ulus appears to have been removed, with
sympathetic activation facilitating the sen-
sitisation of local nociceptors, giving way
to clinical signs such as hyperalgesia and
allodynia [21]. From a neurophysiological
viewpoint, the precursor of the recruit-
ment of the sympathetic system in the
development of SD is thought to be the
nociceptive reflex, where segmental acti-
vation of the sympathetic root ganglia by
nociceptors or interneurons causes a no-
ciautonomic reflex commensurate to the
autonomic function of the segmental level
affected, e.g., increased heart rate, vaso-

constriction in viscera and skin, vasodi-
lation in muscles, raised blood pressure,
increased gastrointestinal stasis or bron-
chodilatation [15]. These are the basic
mechanisms supposed to be responsible
for development of CRPS 1 and 2. Further-
more, an immune component with auto-
nomic modulation cannot be excluded, as
the thymus, spleen and lymph nodes re-
ceive sympathetic innervations that could
modulate T and B cell function [15]. Over-
all, autonomically driven changes can ex-
plain the changes observed in the tissues
affected by SD, such as the tissue fullness
andmovement restriction due tomuscular
oedema and swelling.

Proprioception. The characteristics noted
inanSD, suchas tissuechangesandtender-
ness, are thought not to merely limit mus-
culoskeletal movement range and func-
tion, but also its spatial sense of position,
otherwise known as proprioception [22,
23]. In fact, the changes exerted onto an
areaofSDviasomaticandautonomicpath-
ways affect the position in which a body
part is held [15]. For example, the muscle
contracture due to a somatic nociceptive
reflex or the muscle engorgement due to
asympatheticnociautonomic reflexmoves
the joint correspondent to the area of SD,
away from its neutral position. Not only
would this affect theavailable rangeofmo-
tion of that joint, but recalibrate the affer-
entsensory input, thuschangingitsneutral
position and proprioceptive balance. Fur-
thermore, the apparent inhibition of deep
segmental muscles and increased activa-
tion of superficial musculature caused by
nociceptive drive may also impair proprio-
ception, further exposing an area of SD to
further injury due to poorer motor control
[24].

Central sensitisation. Pain is not merely
a passive relay of neuronal action po-
tentials dependent on the location and
intensity of the peripheral noxious stimu-
lus, but rather, as Melzak & Wall showed in
1965, pain perception depends on a com-
plex endogenous pain modulation and
inhibition system within the CNS [25]. It
has become well established that the ma-
jority of chronic musculoskeletal pain and
SDare characterised by dysfunction of CNS
processing, where the balance between

descending anti-nociceptive (inhibitory)
mechanisms and ascending nociceptive
facilitation is disrupted, causing an am-
plification of pain transmission [16]. The
increased sensitisation and excitability of
neurons in the central nociceptive path-
ways, such as dorsal column and laminar
interneurons, represents an increase in
presynaptic signal strength or postsynap-
tic response, as well as a reduction in
descending inhibition [25]. It therefore
gives a neurobiological basis to explain
phenomena such as hyperalgesia, where
there is an increased and prolonged
response to a noxious stimulus, and allo-
dynia, where thepain threshold is reduced
[24]. The pain hypersensitivity observed
in central sensitisation thus represents an
amplification of central nervous signalling
[25].

Fascialmodulation. Recently, the role of
the fascia has been revisited to give a dif-
ferent dimension to the nociceptive and
central sensitisation models used to de-
scribe SD. The mechanical importance of
the fascia stems from the recognition that
normal musculoskeletal movement does
not rely solely on each individual structure
(tendon, ligament, muscle, fascia, fat pad
and bursae), but on their interrelation as
a “supertendon”, where the function of the
whole is greater than that of its individual
parts [26]. Therefore, the idea of fascia as
an encompassing organ supporting mus-
cles and viscera organ developed. In this
context, a specific insult to the fascia, such
as a strain, mechanical overload or painful
stimulus, triggers the sensory system and
activates a chain reaction that leads to the
formation of an SD.

Diagnostic applications
The clinical manifestation of SD can be
thought of as the cumulative result of the
pathophysiological changes underpinning
it. However, the significant heterogeneity
of clinical features in each patient requires
a practitioner to harness diagnostic skills
capable of recognising and correlating the
clinical features of SD with the patient’s
history [27]. This reliance on clinical acu-
men therefore has a tendency toward poor
diagnostic reliability [24], as the ability to
characterise each SD is operator depen-
dent. Nonetheless, our understanding of
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the pathophysiological process can help
to single out recurrent clinical features of
SD and develop a structured framework
for diagnostic purposes, which then facil-
itates the placing of an SD in a clinical
context relevant to the patient’s ailment
and condition.

Sensory changes. During the clinical
examination, the most common sensory
changes noted in SD include tenderness,
paraesthesia and numbness, as well as
alterations in temperature perception
and proprioception. Tenderness can arise
directly from a physical structure, such
as joint capsule or trigger point, thus
indicating a specific source of SD, or as
formulated in the central sensitisation
model, it can manifest as hyperalgesia or
allodynia within any tissue or segmental
region of the neuromusculoskeletal sys-
tem. Therefore, pain history and other
sensory changes are an important part
of the differential diagnostic process, as
they provide an insight into the particular
anatomical distribution of a SD. In fact, in
a cross-sectional study, 455 patients with
chronic low back pain were reviewed and
a good correlation was found between
pain measured using a 0–10 visual ana-
logue scale (VAS) and the location of the
tender somatic dysfunction, with the lum-
bosacral region as the most common site
of the SD [28, 29]. Similar findings were
noted in an earlier study of 216 patients
with chronic musculoskeletal pain, where
a good statistically significant link was
found between SD and pain distribution
[30]. Although the pathophysiology of
neuromusculoskeletal pain shows that its
location does not always correlate with
the underlying aetiological site, these
studies lend support to using tenderness
and sensory changes as a guide to lo-
cate primary or secondary SDs and start
“mapping” a diagnostic formulation.

Tissue texture changes. Alongside the
sensory dysfunctions noticeable with an
SD, changes to the palpatory qualities of
a tissue are another integral component
of the clinical diagnostic process. In line
with the pathophysiological changes ex-
pected with SD, changes to tissue texture
can be driven by local inflammation, fas-
cial disturbances, and nociautonomic and

nociceptive reflexes [15, 21, 25, 31, 32],
which in turn can lead to physical tissue
changes such as increased skin drag, tissue
oedema, temperature changes, increased
perspiration, muscle spasmand fascia con-
tracture [14]. These tissue features are the
somatosomatic and viscerosomatic repre-
sentation of SD and can be traced back to
a specific structure (e.g., muscle, ligament,
tendon, articular joint), as well as a single
spinal segment or a group of them [33],
thus facilitating the location of the pri-
mary and secondary SDs. Overall, despite
the variability introduced by the subjec-
tive palpatory skills of clinicians, the tis-
sue changes observed define the clinical
picture that helps to determine possible
differential diagnoses.

Asymmetry of anatomical landmarks.
In addition to sensory and tissue changes,
other clinical features associated with
SD include anatomical asymmetry [27],
especially affecting the vertebral column
and pelvis, although any musculoskeletal
structure can show visible anatomical dif-
ferences with its corresponding opposite.
Recognition of anatomical asymmetry
rests on the clinical skills of the clini-
cians, from observation (e.g., for scoliosis,
posture or scapular protraction) to palpa-
tion, where a sacral torsion or anterior/
posterior innominate is confirmed after
tactile assessment.

Restriction of joint movement. Another
important clinical feature that defines SD
clinically ismotionrestrictionofanarticular
joint, typically affecting a zygapophyseal
joint of a spinal segment, although any ar-
ticulation of the musculoskeletal system
can be involved [14]. Pathophysiological
factors such as joint inflammation or pro-
prioceptive deficits may theoretically cre-
ate a motion restriction in isolation with
no tissue, sensory or visible anatomical
changes. However, in reality, motion re-
striction is a functional impediment due
to a combination of elements, from mus-
cle spasm and tissue oedema to pain-in-
duced muscular inhibition and postural
adaptations [14, 27]. In fact, it is a recog-
nised practice among manual medicine
clinicians to monitor tissue tension and
changes to better understand the motion
restriction at a specific joint or spinal level

[33], thus highlighting the importance of
monitoring the overall behaviour of an
area to the changes imposed by palpation
and motion.

Therapeutic applications
Once the SD has been diagnosed and de-
fined by the clinical examination, a ther-
apeutic approach can be planned using
different manual medicine techniques in
order to reduce pain and restore normal
physiological parameters: tissue texture,
symmetry, motion range and function.
However, in manual medicine, a patient-
centred holistic approach requires a vari-
ety of therapeutic modalities to address
both physical and biopsychosocial drivers
of SD [34]. Therefore, exercise prescrip-
tion, postural changes, ergonomics and
education are integral components of the
treatment plan [35]. Still, the use of man-
ual therapies remains the cornerstone of
treatment to reverse neurophysiological
dysfunctions. In practice this approach fo-
cuses on both on primary and secondary
dysfunctions, in recognition of the inter-
play between different structures on the
neuromusculoskeletal system and the in-
herentdifficulty indifferentiatingbetween
causal SDs and consequential or adaptive
SDs [17].

Soft tissue techniques. The localised tis-
sue changes driven by inflammation, au-
tonomic and somatic responses can be
improved and reversed by soft tissue tech-
niques. Themanualmobilisation of tissues
facilitatesmotion, pliability andmuscle re-
laxation [27], probably due to a combina-
tion of local effects, for instance mobili-
sation of oedema by effleurage [34] and
segmental feedback via spinal cord auto-
nomic and visceral reflexes. Specific soft
tissue and fascial release techniques have
beenshownto reducepain, possiblydueto
modulation of connective tissue viscoelas-
ticity, piezoelectric properties and hydra-
tion [36], as well as reduced proinflamma-
tory mediators and fibroblast proliferation
[37]. The application of mechanical load
appears to be the main modulator of soft
tissue responses [31, 32], although this
seems to relate to the type, duration and
frequency of the kinetic load.
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Jointmobilisation. Inordertorestorenor-
mal active and passive articular motion,
the applicationof repetitive andoscillatory
movements to engage with the restricted
barrier can be effective and is termed joint
mobilisation. The normal range of move-
ment needs to be assessed and tested in
all its planes, flexion/extension, rotation
and side bending, but also in its acces-
sory movements, from anteroposterior to
mediolateral and cephalocaudal transla-
tion [33]. The joint mobilisation can be
delivered passively by the clinician, or it
can be facilitated by muscle energy tech-
niques (MET) that relax the hypertonic
musclemaintaining themovement restric-
tion by using an isometric contraction to
cause motoneuron inhibition via its corre-
sponding somatosomatic reflex mediated
by Golgi tendon organ and dorsal column
interneurons [38, 39].

Manipulation and high-velocity low-
amplitude (HVLA) thrust. HLVA thrusts
are frequently considered the defining
treatment of manual medicine, and signif-
icant research has focused on elucidating
the therapeutic properties of thesemanip-
ulations, although no current mechanistic
model is able to fully explain their effect.
However, there is supporting evidence
showing that manipulations exert im-
provements in the parameters that define
SD and restore homeostasis.

Pain physiology education. Chronic
musculoskeletal pain and its associated
SD are often characterised by features
of central sensitisation, where addressing
the biopsychosocial context is an essential
part of the therapeutic approach [16, 25].
In fact, all the manual therapy techniques
available are insufficient on their own to
treat and benefit patients, as we now
know that levels of vigilance, stress and
anxiety modulate descending inhibitory
nociceptive mechanisms and contribute
to aggravate central sensitisation, where
patients experience pain as more threat-
ening and catastrophic, developing lower
pain tolerance and poorer coping strate-
gies. A promising therapeutic strategy
comes not from new pharmacological
agents, but from patient education. In
fact, pain (neuro)physiology education to
reduce the gap between the perception of

the patient and their therapist about pain
and its treatment was shown to increase
patient motivation for rehabilitation [16].
The long-term effectiveness of this ap-
proach is currently awaiting validation,
but it should already encourage its use
in managing SD with patients affected by
chronic pain.

Functional treatment. As there is grow-
ing appreciation of the importance of ad-
dressing perpetuating factors behind SD
[34], it would appear logical to strengthen
traditional therapeutic strategies based on
manual therapies with functional treat-
ment or rehabilitation. This recognises the
interdependence of neuromusculoskeletal
structures with their collective function
and use, thus allowing clinicians to add
an active, engaged and holistic treatment
component where patients are not merely
passive recipients of treatment. Therefore,
alongside manual medicine and patient
education, functional treatments such as
prescription of physical activity; respira-
tion, core stability and postural exercises;
mindfulness training; and sleep and nutri-
tional advice should form part of a pa-
tient-oriented approach to individualise
and optimise care [31, 32, 34, 40]. This
adds a new and complex dimension to
our understanding of SD, but also pro-
vides a promising new paradigm.

Discussion
Our pathophysiological understanding of
SD has significantly evolved as our sci-
entific knowledge has progressed. From
its initial concept of imbalanced bodily
fluids and humors [41], through a reduc-
tionist phase where basic neurophysiol-
ogy appeared to explain most nonstruc-
tural pain, we have recently started to em-
bark on a novel trajectory where our basic
paradigms of pain physiology and body
functions are challenged by the complex
interactions of different systems, where
the somatic neuromusculoskeletal and au-
tonomic nervous systems interplay with
biomechanics, fascia structures, endocrine
and immune responses as well as emo-
tional cognitive functions [13, 15, 16, 25,
31, 32, 36, 42].

Nonetheless, from a clinical viewpoint,
the core tenets of SD remain rooted in
nonstructural pathology characterised by

tissue changes with movement asymme-
try and restriction [14], perhaps with the
addition of functional movement and psy-
chosocial factors to render a more holistic
and unifying clinical approach. The recent
addition of pain physiology education as
one of the therapeutic strategies goes in
the right direction [16], thus placing SD
beyond the physical sphere and encourag-
ing clinicians to implement a multifaceted
and individualised approach to treatment.
However, a core component of manual
medicine is the use of manual “hands-on”
techniques. Pain physiology education is
a useful additional tool, but does not mark
a true strategic change to current diagnos-
tic and therapeutic paradigms.

The recent introduction of fascia dys-
function as an important pillar of SD is
interesting and merits consideration [31,
32, 36], but perhaps the fascia simply rep-
resents a microcosm of the multisystemic
forces exerted on all neuromusculoskele-
tal tissues, from joints and tendons, to
muscles, ligaments and fat pads. Hence,
our better understanding of the biochemi-
cal, endocrinological, neuromusculoskele-
tal processes underlying fascia dysfunc-
tion in the context of SD does little to
change the current manual medicine ar-
mamentarium, although it does question
whether a more integrated clinical anal-
ysis of SD is necessary. Such a unifying
component that adds to our definition of
SD and facilitates a more comprehensive
and integrated approach could be repre-
sented by functional movement. In fact,
assessing how well coordinated and or-
chestrated movement is could provide di-
agnostic information to better guide ther-
apeutic approaches, where manual ther-
apies can be complemented by individu-
alised exercise programmes, encompass-
ing normal movement restoration, activ-
ity-specific exercises (e.g., sports), postu-
ral changes, ergonomics, breathing tech-
niques and sleep training.

Although none of the new theories
of SD provide sufficient evidence to
change the current manual medicine ap-
proach, perhaps their real contribution
to paradigm change may be to shift our
focus away from defining the characteris-
tics, diagnostic features and therapeutic
targets of SDs, thus preventing a simplis-
tic management of “issues in the tissues”

S20 Manuelle Medizin · Suppl 1 · 2022



Non Specific Responses
Placebo/Expectation
Psychological measures

Fear
Catastrophizing
Kinesiophobia

Endocrine Response
B-endorphins
Opioid response

Imaging

Imaging

Pain-Related Brain
Circuitry ACC

Amygdala
PAG
RVM

Pain Modulatory
Circuitry

Autonomic Response
Skin temperature
Skin conduction
Cortisol levels
Heart rate

Neuromuscular Responses
Motoneuron Pool
Afferent Discharge
Muscle activity

Imaging

Hypoalgesia
Temporal summation
Selective blocking of
neuro-transmitters

PAIN

Rating

Mechanical
Stimulus

Tissue Spinal Cord
Peripheral Nervous

System

Inflammatory mediators

Decrease Spasm
Increase range of
motion

Fig. 128 Comprehensivemodel of themechanismsofmanual therapy.ACC anterior cingulate cortex,PAGperiaqueductal
gray,RVM rostral ventromedialmedulla. (With kind permission from©Bialosky et al.2009 [44])

and promoting treatment of the whole
patient. Interestingly, progressing toward
a holistic “whole-person” approach may
place manual medicine on a converging
path with the original Stillian tenets and
conventional medicine, where holistic
practices are increasingly encouraged to
tackle the complex burden of chronic
noncommunicable diseases.

Conclusion
Segmental dysfunction remains an inte-
gral componentofmanualmedicine, guid-
ing its concepts, diagnostic thinking and
therapeutic approach. Scientific innova-
tion and discovery have provided novel
insights and a better understanding of the
biological processes that define SD in the
human body, often supporting the benefi-
cial role of manual approaches. However,
in order for manual treatment to remain
effective and relevant, our present under-
standing and paradigms need to be con-
stantly challenged. This could beadouble-
edged sword, as this evolution may vali-

date and consolidate some current prac-
tices, extinguish others and promote new
ones. Nonetheless, ashistoryoftenrepeats
itself in cycles, the current drive toward
holism may, for manual medicine, repre-
sent both a step forward and a return to
its origins at the same time.

The significance of muscle tissue
and fascia in manual medicine

A literature report

Basics
Manual medicine likely initiates biome-
chanical and neurophysiological mecha-
nisms.

Manual medicine produces a mechan-
ical force, which is necessary to initiate
a chain of neurophysiological responses.

Theneurophysiologicalchangesachieved
by manual medicine mechanisms origi-
nate from peripheral mechanisms, spinal
cord mechanisms, and/or supraspinal
mechanisms. Inflammatory mediators

and peripheral nociceptors interact in
response to injury and manual therapy
may directly affect this process.

Applied manual medicine is associated
with pain relief, afferent discharge, mo-
toneuron pool activity and changes in
muscle activity, all of which may indirectly
implicate a spinal cord-mediated effect.

The suggested model is intended to be
applicable to all formsofmanualmedicine.
While the biomechanical application of
joint-, soft tissue- and nerve-focusedman-
ual therapy differs, the related neurophys-
iological responses are similar and ade-
quately encompassed within the model
given.

The comprehensive model is intended
to explain the mechanisms of manual
therapy on musculoskeletal pain ([43];
. Fig. 12).

Joints and discs
In patients with sciatica, centralisation is
common. Centralisation might affect the
symptoms of patients with sciatica, no
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matter what type of disc lesion is found on
MRI and despite the severity of the symp-
toms (leg pain) and neurological findings
[45].

Please see also the Basic Outlines in
chapter B 1.

Muscles
Myofascial triggerpoints are importantbe-
cause they are common. Myofascial trig-
ger points are the main source of pain in
30% of patients who enter a general prac-
titioner’s practice and in 85% of patients
who enter a pain centre [46].

An active myofascial trigger point is
usually associatedwith apainful, restricted
range of motion. Trigger points can be
identified by gentle palpation across the
direction of the muscle fibres. Palpation
of a myofascial trigger point is painful and
reproduces the patient’s local and referred
pain pattern. The most important feature
of the trigger point, besides the jump sign,
is the palpable taut band [142].

Palpable taut band, spot tenderness,
jump sign and referred pain due to pal-
pation are the most reliable criteria for
palpatory diagnosis of myofascial trigger
points. Experience of the observer is es-
sential for accuracy. There ismoderate evi-
dence for the reproducibility of myofascial
trigger point palpation with experienced
observers [47–50].

In several publications, Mense and col-
leagues discussed a slight “neurogenic” in-
flammationunder theneuromuscular end-
plate region of a myofascial trigger point
[139].

There is evidence that amyofascial trig-
ger point might be the result of increased
excitability of spinal neurons, which is re-
sponsible for the increased muscular ten-
sion inthetautbandandmyofascial trigger
point [51].

A feed-forward contraction of the
abdominal muscles could be shown in
asymptomatic individuals, whereas the
activation of the transverse abdominis is
delayed in individuals with long-standing
groin pain [52].

Back pain patients have also a poorer
ability to voluntarily recruit the multifidus
muscle in order to obtain physiological
lordosis [53].

It has been shown thatwomenwithdis-
orders of continence and respiration have

a significantly higher prevalence of back
pain than women who do not have these
disorders [54].

A greater fatigability of the superficial
cervical flexorswas identified for neck pain
patients by electromyography (EMG) with
respect to healthy subjects. Furthermore,
an aberrant activity of the sternocleido-
mastoid muscle and the anterior scalene
occurs during functional activities [55, 56].

Female athletes who developed lower
back pain (LBP), as compared with those
without LBP, were found to have hip ex-
tensor strength thatwas significantlymore
asymmetric [57].

It could be demonstrated that synchro-
nisationbetweenmotorunits in themedial
and lateral quadriceps muscles during an
isometric knee extension task is reduced in
people with anterior knee pain compared
to pain-free individuals [58].

The findings have important implica-
tions for the understanding of the effects
of pain on motor control, because they
show that motor unit synchronisation is
changed with pain [53, 54, 56–59].

There is strong evidence for the exis-
tence of three myofascial chains: the su-
perficial back line, the back functional line
and the front functional line. Moderate-
to-strong evidence is available for parts of
the spiral line and the lateral line [59].

Most skeletal muscles of the human
body seem to be directly linked by con-
nective tissue. There is evidence that ten-
sion can be transferred between at least
some adjacent muscles. The possibility
of load transfer between muscles encour-
ages targeting entire myofascial chains in
the evaluation process, treatment and ex-
ercise. Therefore, more holistic diagnostic
and treatment approaches seem appropri-
ate for overuse conditions or radiationpain
symptoms that involve several structures
of a myofascial chain [60].

A statistically significant decrease in
pelvic floor descent and an increase in
diaphragmatic excursion with manual ex-
ternal pelvic compression has been deter-
mined [61].

Fasciae
Palmaraponeurosishasthetypical features
of a proprioceptive organ. The fascial in-
nervation seems to be important in the
perception of pain [62].

Myofascial pain has a high prevalence
among individualswith regional pain com-
plaints. Palpation is the onlymethod avail-
able for the clinical diagnosis of myofas-
cial pain [48, 63]. It has been shown that
a semi-electronic tissue compliance me-
ter appears to determine the stiffness of
biological tissues with a sound reliability
and validity [64].

Ligament creep has a significant effect
on neuromuscular functions. It is sug-
gested that prolonged ligament tension
subjects joints to an increased risk of insta-
bility and potential injury due to its own
laxity and via increased agonist activity
without compensatory antagonist coacti-
vation [65].

The inflamed thoracolumbar fascia
showed an increase of presumably no-
ciceptive fibres in the rat, which may
explain the pain from a pathologically
altered fascia [66].

Innervation density was found to be
three times higher in thoracolumbar fas-
cia than in the corresponding muscle of
mice, and almost as high as at the muscle-
–fascia interface, where mechanical loads
canbe concentrated. Dataof studies inhu-
mans show that the thoracolumbar fascia
is a densely innervated tissue with marked
differences indistributionof thenerveend-
ings over the fascial layers. These findings
support the view that the thoracolumbar
fascia is potentially a major input to mus-
culoskeletal pain [67].

Thoracolumbar fascia shear strain has
been shown to be reduced in subjectswith
LBP of greater than 12 months duration
compared to a control group with no LBP
[68].

Studies have shown a critical codepen-
dent mechanism between deep abdomi-
nal and lumbar spinal muscles linked to
each other, especially through the poste-
rior layer of the thoracolumbar fascia [69,
70].

Tissue specificity is important in the
pain perception associated with delayed-
onset muscle soreness. Fascial tissue may
have an important role in delayed-onset
muscle soreness perception [67].

Chronic pain
Generic prognostic factors for muscu-
loskeletal pain with strong or moderate
evidence include widespread pain, high
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functional disability, somatisation, high
pain intensity and long pain duration as
well as a high depression and/or anxiety
score [71].

Reduced proprioception in the spine
has been identified in subjects with back
pain in relation to those free from back
pain [72].

A clear difference has been demon-
strated between patients with LBP and
subjects without LBP regarding their abil-
ity to actively control the movements of
their low back. There is also a significant
difference related to pain duration. Pa-
tients with chronic LBP have significantly
more positive tests than those with acute
or subacute LBP [73].

It has been shown that in both sub-
jects with acute and chronic LBP, there
are elevated levels of proinflammatory and
nociceptive chemokines [74].

In persons with chronic LBP, a decrease
of paraspinal cutaneous temperature has
been shown in comparison with subjects
without chronic LBP [75].

It has been shown that fatigue can pos-
sibly have an effect on ankle kinematics
and kinetics during a jump [74].

Isolated musculoskeletal chest wall
pain can be due to dysfunctions of cos-
tovertebral joints or dysfunction of the
sternum and muscles of the chest. Phys-
iotherapy including manual medicine
techniques is recommended in this case
[76].

It has been shown that during sim-
ulated tennis play, patients with chronic
tennis elbowemploy an earlier, longer and
greater activation of forearm extensors in
their EMG pattern than healthy subjects.
Such changes may be considered detri-
mental to the healing process [77].

Effects of manual therapy
In experiments in rats, it has been shown
that interventions with manual ther-
apy prevent functional declines, improve
task performance, prevent behavioural
changes indicative of discomfort and re-
duce neural inflammation, myelin degra-
dation and extraneural fibrosis [78].

There is moderate evidence that neu-
romuscular manual treatment is capable
of activating the central mechanisms re-
sponsible for pain control, modulation of
autonomic functions and posture [79].

Treatmentdirectedat cervical paingen-
erators has produced significant headache
relief in patients with headaches related
to cervical spine pathology [80].

External pelvic compression (EPC) can
be expected to decrease pain and improve
static strength in some individuals with
lumbopelvic disorders. EPC appears to im-
provepelvic stability, decreasepelvic laxity
and sacralmobility, relieve pain, substitute
for stabilising muscle activity and improve
function (moderate evidence) [81].

It has been shown with moderate evi-
dence that manipulation with HVLA influ-
ences various biochemical markers. After
HVLA there is an increase in substance P,
neurotensin, oxytocin and interleukin lev-
els and there may be an influence on cor-
tisol levels after HVLA. The use of HVLA
may be considered a sound strategy to in-
fluence pain and inflammatory disorders
[82, 83].

Mobilisation of the cervical and tho-
racic spinehasan influenceonsympathetic
andparasympatheticnervous systemreac-
tions including heart rate variability, blood
pressure and vasodilation. Chronic pain
patients seem to have a higher sensibility
to manual medicine techniques than con-
trol groups in terms of autonomous ner-
vous system responses [75, 83, 84, 84–88,
88–92].

Neural mobilisation produces hypoal-
gesic effects (pressurepain threshold) [93].

Manual therapyappliedwithalmost the
same load produces plastic deformation
for fasciae (plantar fascia, fascia lata) [94].

Manual therapy theoretically restores
mobility by reoptimising the distribution
of lines of force within fascia [95].

In vitro experiments could demonstrate
that isometric strain induces an increase in
fascial stiffness. An association between
strain hardening and loss of tissue water
could also be validated in vitro [96].

Experiments in vitro could show that
interstitial flow alone may be sufficient to
induce and sustain fibrosis, even in the
absence of transforming growth factor al-
pha (TGF)-alpha secretion by other cells
such as inflammatory, epithelial or tumour
cells, and correlates with key features of
the progression of an inflammatory state
to a fibrotic pathology. Findings in studies
suggest that interstitial flow may help to

modulate fibroblast phenotypes and drive
the progression of fibrotic diseases [97].

Manual therapy may improve fascia
sliding by generating fluid pressure [98].

Stretching of connective tissue seems
to decrease acute inflammation (in vivo),
reducedneutrophilmigration (ex vivo) and
increased connective tissue pro-resolving
mediators (in vivo and ex vivo), and the
similar effectsof activeandpassive stretch-
ing suggest a mechanical effect on the
tissues [99].

Experiments indogscoulddemonstrate
reflex responses of the cardiac vagus nerve
evoked by excitation of group II (A beta)
and III (A delta) but not group I (A al-
pha) somatic nerves also applied to the
somatic sympathetic reflex recordedsimul-
taneously. The general pattern was exci-
tation followed by long-lasting inhibition
of tonic activity. Reflex excitation was also
found to be produced in the vagal nerve in
response to splanchnic nerve stimulation
[75].

Thereisevidencethatfascial techniques
increase parasympathetic nervous system
activity [86, 91, 100].

In rat experiments, a new form of
long-term depression of excitatory synap-
tic transmission in substantia gelatinosa
neurons from the rat spinal dorsal horn
might have been demonstrated that can
be inducedby conditioning low-frequency
stimulation of primary afferent A-delta
fibres. Possibly, this long-term depres-
sion may be involved in long-lasting
therapeutic effects of counterstimulation
[89].

Fascial manipulation seems to have
a preventive effect for sport injuries in
individuals with chronic ankle instabil-
ity with regard to improving ROM and
symptoms [101].

It hasbeenshownthat there is evidence
that fascial manipulation in postsurgical
care after hip surgery (total hip arthro-
plasty) improves the functional outcome
significantly [99].

Adhesions result from peritoneal
trauma and aberrant wound healing
processes and can therefore develop after
any intraabdominal operation. Intraab-
dominal adhesions occur in 50 to 100%
of patients with previous surgery. Partic-
ularly in patients with previous surgery,
adhesion-related complications can occur
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at any time [102]. In rat experiments it has
been shown that manually assisting free
movement of the bowel following injury
results in fewer adhesions. It seems to
be possible to manually lyse postsurgical
adhesions in a rat model [44, 102].

Examination
In the diagnosis and management ofmus-
culoskeletal pain there is a selection of
special tests inphysical examinationwhich
appear to be useful for screening red flags.
There are individual items of clinical ex-
amination which have been found to be
fairly reliable and several exist with an
acceptable level of accuracy for determin-
ing red flags such as cervical or lumbar
radiculopathy. A selection of these clinical
tests uses a neural impairment reference
criterion standard [103, 104].

Examination by spinal palpation shows
acceptable results in tests for palpation of
pain. Theinterobserver reliability isaccept-
able for palpation of osseous structures
and soft tissue pain. Regional ROM tests
are more reliable than segmental ROM
tests. Paraspinal soft tissue palpatory tests
have a low interobserver reliability in all
regions of the spine [105].

Clinicians should include assessments
of impairments of body function that can
establish baselines, monitor changes over
time and be helpful in clinical decision-
making to differentiate several types of
pain in the musculoskeletal system in
the physical examination of patients with
acute or chronic musculoskeletal pain
[106].

There is significant international varia-
tion in the physical examinations and im-
pairment scores in subjects with chronic
pain [104, 107–111].

The minimal important change (MIC)
values depend not only on empirical ev-
idence but also on clinical interpretation
and judgement [112–114].

Manual palpation of the fascia tissue
represents a cost-neutral and widely used
screening method aimed at assessing vis-
coelastic properties (e.g., stiffness). Stud-
ies show a limited reliability [79, 96].

Cervical spine
In their physical examination measures,
physicians should include a cervical active
ROM as well as examination of cervical

and thoracic segmental mobility and seg-
mental provocation signs for neck pain
with mobility deficits and neck pain and
the associated International Classification
of Diseases (ICD) categories of cervical-
gia and/or pain in the thoracic spine. It
is recommended to include a cranial cer-
vical flexion test and a deep neck flexor
endurance test into the physical exam-
ination of patients with neck pain and
movement coordination impairments and
the associated ICD category of sprain and
strain of the cervical spine. A combina-
tion of upper limb tension tests (shoulder
abduction test), Spurling’s test and the dis-
traction test are proposed for patientswith
neck pain and radiating pain to increase
the likelihood of a cervical radiculopathy
[104, 106, 108–111, 115–121].

Headaches related to nocigenerators in
the upper cervical region exist. This is an
important clinical entity. There are sev-
eral nocigenerators in the spine, like the
zygapophysial joints, intervertebral discs
and myofascial trigger points. Diagnos-
tic criteria for cervicogenic headache in-
clude unilaterality of pain; restriction in
ROM of the neck; provocation of usual/
regular head pain by neck movement or
sustained awkward positions; provocation
of usual/regular head pain with external
pressureovertheuppercervicaloroccipital
region on the symptomatic side; ipsilat-
eral neck, shoulder or arm pain; deviating
muscle extensibility (incidence of muscle
tightness) of neck or shoulder muscles,
such as the upper trapezius, scalenes, lev-
ator scapulae, short cervical extensors, and
pectoralis major and minor. The presence
of painful SD in the upper three cervical
joints as detected by manual examination
most clearly identifies the cervicogenic
headache subjects. There is an overlap
in clinical features between cervicogenic
headaches and migraines. Several studies
have suggested that it is possible to dis-
criminate between these headache types.
Clinical studies have shown that pain from
cervical spine structures can be referred
to the head [73, 117, 118, 122].

Interobserver reliability values of the
modified cervical nonorganic signs and
modified physical dysfunction severity
were both deemed acceptable based on
observed intraclass correlation (ICC) val-

ues in a current study of patients with
chronic neck pain [111].

Among spinal palpatory procedures
used in the evaluation and management
of back and neck pain, pain-provocation
tests are the most reliable and soft tissue
paraspinal palpatory diagnostic tests are
the least reliable. Regional ROM tests are
more reliable than segmental ROM tests,
and intraobserver reliability is better than
interobserver reliability. (The significance
of observer experience is mentioned in
Muscle Studies described in Sect. 5.3)
[107].

Screening for upper cervical instabil-
ity cannot be done accurately by physical
examination tests at the moment [104].

Maximum neck flexor strength—peak
force, peak force/body weight and aver-
age force seem to be significantly lower
in patients with neck pain compared to
controls [82].

Lumbar spine
Functional examination of the lumbar
spine showed moderate interobserver
reliability [55, 123].

The diagnosis of lumbosacral radicu-
lopathy should always be arrived at
through consolidation of sensory, motor
and deep tendon reflex test results and
not based on isolated test results [65].

No “gold standard” has been defined
for motor control tests of the low back to
date [66, 111].

Manualmuscle testing, sensory testing,
supine straight leg raise, Lasegue sign and
crossedLaseguesignarerecommendedfor
use in diagnosing lumbar disc herniation
with radiculopathy. Thesupinestraight leg
raise, compared with the seated straight
leg raise, is suggested foruse indiagnosing
lumbar disc herniation with radiculopathy
[124].

There is no complete recovery of postu-
ral control demonstrated in the long term
following lumbar discectomy [125].

There is insufficient evidence to date
for certain physical findings to diagnose
degenerative lumbar spinal stenosis [126,
127].

Growing evidence supports the use of
manual physical therapy combined with
exercise and aerobic training as a safe
andeffective intervention for patientswith
lumbar spinal stenosis [128].
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There is inconsistent evidence regard-
ing the development of recommendations
on MIC for commonly used measures of
pain and function in (acute or chronic) LBP
[116].

There is no “gold standard” for the di-
agnosis of axial spondyloarthritis; how-
ever, the current criteria do not include
aphysical examinationof the lumbar spine
[129–131].

Pelvis
Substantial agreement between two ob-
servers for the classification of nonspecific
lumbopelvic pain into lumbar pain and
pelvic girdle pain in pregnant women has
been seen [111].

Evidencefortheaccuracyofprovocative
manoeuvres in diagnosing sacroiliac joint
(SIJ) pain is limited. A combination of
manual tests for examining the SIJ seems
to be useful [132, 133].

Additionally, there is a recommenda-
tion to palpate the symphysis in the ex-
amination of the pelvis [61].

Extremities
Upper limb neurodynamic tests are plau-
sible for detecting peripheral neuropathic
pain. A positive upper limb neurodynamic
test should at least partially reproduce the
patient’s symptoms and structural differ-
entiation should change these symptoms
[134].

The reliability of the examination of
larger extremity joints (shoulders, hips,
kneesandelbows) faresslightlybetter than
examining smaller extremity joints (wrists,
ankles, fingers and toes) [135, 136].

Physical examinations of the cervi-
cothoracic junction and the peripheral
joints and muscles of the upper extrem-
ity are required in the thoracic outlet
syndrome in addition to a required neu-
rological examination, peripheral nerval
entrapment test, and several tests of the
cervical spine [137, 138].

Evidence in manual medicine

General considerations
Evidence-based manual medicine (EBM)
is not different from evidence-based
medicine in other medical specialties.

“Evidencebasedmedicine is the consci-
entious, explicit, judicious and reasonable
use of modern, best evidence in making
decisions about the care of individual pa-
tients. EBM integrates clinical experience
and patient values with the best avail-
able research information. [. . . ] The prac-
tice of evidence-based medicine is a pro-
cess of lifelong, self-directed, problem-
based learning in which caring for one’s
own patients creates the need for clin-
ically important information about diag-
nosis, prognosis, therapy and other clinical
and health care issues (. Fig. 13). It is not
a ‘cookbook’ with recipes, but its good ap-
plication brings cost-effective and better
health care. The key difference between
evidence-based medicine and traditional
medicine is not that EBM considers the
evidence while the latter does not. Both
take evidence into account; however, EBM
demands better evidence than has tradi-
tionally been used” ([143]).

The complexity of EBMdescribed above
is reflected in the development of Euro-
pean manual medicine since the middle
of the 20th century.

During this period, a complex system
of national and transnational scientific
societies in Europe has developed from
the activities of individual chirotherapists/
manual therapists and individual “schools”
of small groups of doctors, which have
ensured that the criteria of EBM in the
clinic, teaching and research are met.

The ESSOMM European Core Curricu-
lum and Principles of Manual Medicine
summarises the entire results of this de-
velopment.

With these guidelines and principles
agreed in consensus by the members of

ESSOMM, an agreement which is based on
the entire knowledge and fundamentals
of modern medicine, an evidence-based
teaching system of manual medicine has
been inaugurated.

In regular meetings of the manual
medicine societies, academies, teachers
and expert commissions, opinions and
convictions from clinical experience are
agreed upon and published in relevant
international journals. This corresponds to
level IV of the evidence classes according
to the recommendations of the Agency for
Healthcare Research and Quality (AHRQ).
A higher level of evidence is dependent
on methodologically high-quality nonex-
perimental studies such as comparative
studies, correlation studies or case–con-
trol studies (level III) and high-quality
studies without randomisation (level IIb)
as well as sufficiently large, methodolog-
ically high-quality randomised controlled
studies (RCT; level 1b).

EBM is not limited to randomised con-
trolled trials (RCTs) and meta-analyses.
Nevertheless, these are to be regarded as
the gold standard in the great majority of
those questions that are about evaluating
the benefits and risks of therapies.

A prerequisite for evidence-based di-
agnostics in manual medicine is good re-
producibility, validity, sensitivityandspeci-
ficity studies of the diagnostic procedures.
To ensure the quality of such studies, the
International Academy for Manual Muscu-
loskeletal Medicine has developed a “re-
producibility protocol for diagnostic pro-
cedures in MM” in recent years. “The pro-
tocol can be used as a kind of ‘Cook Book
Format’ to perform reproducibility studies
with kappa statistics. It makes it feasible
to perform reproducibility studies in MM
Medicine clinics andbyEducational Boards
of the MM Societies” [145].

Onbehalf of the ESSOMM, the Research
Advisory Center of the GSMM in 2019
carried out a literature search on current
study results (2009–2019) on diagnostics
and therapy in manual medicine. Items
for search: (“Manual Medicine” OR “Man-
ual Therapy”) AND (functional OR muscu-
loskeletal OR disorder). The search identi-
fied 1499 unique citations limited to hu-
mans. After screening titles and abstracts,
482 full-text manuscripts were retrieved
for further assessment, 216 of which were

Manuelle Medizin · Suppl 1 · 2022 S25



Übersichten

systematic reviews. The individual publi-
cations were subdivided by hand accord-
ing to their target content: diagnostics
(n= 85), specific therapy (n= 119), basics
and safety (n= 39).

Based on the available scientific ma-
terials, the author believes to be able to
conclude that a general EBM level III is
available, with individual studies reaching
level II or Ib, which fulfils the prerequisite
and creates the ability to perform tasks
to a satisfactory or expected verification
(validity) of manual medicine diagnostic
and therapeutic techniques.

Two studies are mentioned here as ex-
amples of good-quality studies (level Ib):
the first focused on functional disorders
and pain in the lower spine, the second
on functional disorders of the head joints
in babies.

The first is “demonstrating a clear dif-
ference between patients with LBP and
subjects without back pain regarding their
ability (in 5 of 6 tests) to actively control
the movements of the low back” [141].
The second used a setting with 202 in-
fants aged 14–24 weeks with postural
and movement findings examined in four
study centres using a standardised four-
item symmetry score. Result: the single
manual medicine treatment significantly
improved postural and motor asymme-
tries in infants with articular and segmen-
tal dysfunctions causing tonic asymmetric
positions [146].

A large systematic review searching
prognostic factors for musculoskeletal
pain (MSK) in primary care “involves more
than 48,000 participants with 18 different
outcome domains. 51 studies were on
spinal pain/back pain/lowback pain, 12 on
neck/shoulder/arm pain, 3 on knee pain,
3 on hip pain and 9 on multisite pain/
widespread pain—total quality scores
ranged from5 to 14 (mean11) and65 stud-
ies (83%) scored 9 ormore—provides new
evidence for generic prognostic factors
for MSK conditions in primary care. Such
factors include pain intensity, widespread
pain, high functional disability, somati-
zation and movement restriction. This
information can be used to screen and
select patients for targeted treatment
in clinical research as well as to inform
the management of MSK conditions in
primary care” [140].

Recently, an ESSOMM literature search
found 24 relevant systematic reviews or
meta-analyses related to manual therapy.
The individual reviews are aimed at dif-
ferent therapeutic goals for different com-
plaints in different parts of the body. The
search results have not yet been evaluated
coherently.

Anupdateof theBoneand JointDecade
Task Force on Neck Pain and its Associ-
ated Disorders by the OPTIMa collabora-
tion [147] concluded: “Our review adds
new evidence to the Neck Pain Task Force
and suggests that mobilization, manipu-
lation (HVLA), and clinical massage are ef-
fective interventions for the management
of neck pain. It also suggests that elec-
troacupuncture, strain–counter strain, re-
laxation massage, and some passive phys-
ical modalities (heat, cold, diathermy, hy-
drotherapy, and ultrasound) are not effec-
tive and should not be used to manage
neck pain.”

The double-blinded randomised con-
trolled Spinal High-Velocity Low-Ampli-
tude Manipulation in Acute Nonspe-
cific Low Back Pain [148] trial, in which
47 subjects received spinal manipulation,
showed in a subgroup of patients with
acute nonspecific LBP that “spinal ma-
nipulation was significantly better than
nonsteroidal anti-inflammatory drug di-
clofenac and clinically superior to placebo”.

Other reviews are dedicated to:
– Low back pain [12, 149, 150]
– Neck pain and/or low back pain [151,

152]
– Upper limb pain [153]
– Knee pain [154, 155]
– Function of the temporomandibular

joint [156, 157]

Practically all studies have limiting factors
that limit their informative value. For ex-
ample, one of the limiting factors is that
there is often no distinction between ma-
nipulation and mobilisation.

The results of this systematic review
showed
– that spinal manipulation and mobil-

isation, acupuncture and massage
treatments were significantly more
efficacious for neck/LBP than no treat-
ment, placebo, physical therapy or
usual care in reducing pain;

– that spinal HVLA procedures are
cost-effective treatments to manage
spinal pain when used alone or in
combination with GP care or advice
and exercise compared to GP care
alone, exercise or any combination of
these;

– that spinal HVLA procedures have
a statistically significant association
with improvements in function and
pain improvement in patients with
acute LBP;

– preliminary evidence that subgroup-
specific manual therapy may produce
a greater reduction in pain and increase
in activity in people with LBP when
compared with other treatments.
Individual trials with low risk of bias
found large and significant effect sizes
in favour of specific manual therapy;

– that upper cervical manipulation or
mobilisation and protocols of mixed
manual therapy techniques presented
the strongest evidence for symptom
control and improvement of maximum
mouth opening;

– that musculoskeletal manipulation
approaches are effective for the treat-
ment of temporomandibular joint
disorders—here is a larger effect for
musculoskeletal manual approaches/
manipulations compared to other
conservative treatments for temporo-
mandibular joint disorder;

– that the results of the available reviews
and the evidence found on the effect
of manual medical treatment form
the basis for the inclusion of manual
therapy in guidelines for the treatment
of acute and chronic pain in the
musculoskeletal system, especially in
the spine, joints and muscles.

All reviewsmentioned call for further qual-
itative studies in order to further consoli-
date and increase the level of evidence.

The previous initial shortcomings of the
studies must be overcome:
– Clear elaboration of the question;
– Exact description of manual medical

practice;
– Lowering the bias in patient inclusion.

Conclusion
The EBM-oriented doctors in the manual
medicine of tomorrow have three tasks:
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1. To use evidence summaries in clinical
practice.

2. To help develop and update selected
systematic reviews or evidence-based
guidelines in their area of expertise.

3. To enrol patients in studies of treat-
ment, diagnosis and prognosis on
which medical practice is based [151].

Safety in manual medicine

Areviewof theexisting literature. Adapted
from theFIMMguidelines for basic training
and safety [158].

The subject safety of spinal manipu-
lations has been extensively discussed in
many publications [159–196].

Risks of cervical spine high-velocity
thrust therapy
General considerations from the litera-
ture. Thedegreeof serious risks associated
with manipulation of the cervical spine is
uncertain, with widely differing results be-
ing published [197].

A 1996 Danish chiropractic study con-
firmed the risk of stroke to be low, and
determined that the greatest risk is with
manipulation of the first two vertebra of
the cervical spine, particularly passive ro-
tation of the neck [198].

Serious complications after manipula-
tion of the cervical spine are estimated to
be 1 in 4 million manipulations or fewer
[199]. A Rand Corporation extensive re-
view estimated “one in a million” [200].
Dvořák, in a survey of 203 practitioners of
manual medicine in Switzerland, found
a rate of one serious complication per
400,000 cervical manipulations, without
any reported deaths, among an estimated
1.5 million cervical manipulations [201].

Jaskoviakreportedapproximately5mil-
lion cervical manipulations from 1965 to
1980 at the National College of Chiroprac-
tic Clinic in Chicago, without a single case
of vertebral artery stroke or serious injury
[202]. Henderson and Cassidy performed
a survey at the Canadian Memorial Chi-
ropractic College outpatient clinic, where
more than half a million treatments were
given over a 9-year period, again with-
out serious incident [203]. Eder offered
a report of 168,000 cervical manipulations
over a 28-year period, again without a sin-
gle significant complication [204]. After an

extensive literature review performed to
formulate practice guidelines, the authors
concurred, “the risk of serious neurolog-
ical complications (from cervical manual
technique) is extremely low and is approx-
imately one or two per million cervical
manipulations” [205].

Understandably, vascular accidents are
responsible for themajor criticismof spinal
manipulative therapy. However, it has
been pointed out that “critics of manipu-
lative therapy emphasize the possibility of
serious injury, especially at the brain stem,
due to arterial trauma after cervical ma-
nipulation. It has required only the very
rare reporting of these accidents tomalign
a therapeutic procedure that, in experi-
enced hands, gives beneficial results with
fewadverse side effects” [206]. In very rare
instances, the manipulative adjustment to
the cervical spine of a vulnerable patient
becomes the final intrusive act, which re-
sults in a very serious consequence [190,
207–209].

According to an expert opinion, HVLA
manipulation of the cervical spine is esti-
mated to have no effectiveness and to be
dangerous [210], while this has not been
confirmed by others. As it has been re-
vealed, this expert opinion does not fulfil
the criteria of evidence level III [211].

In a 2007 follow-up report in the Jour-
nal of the Royal Society of Medicine, Ernst
concluded: “Spinal manipulation, particu-
larly when performed on the upper spine,
is frequently associated with mild to mod-
erate adverse effects. It can also result
in serious complications such as vertebral
artery dissection followed by stroke. Cur-
rently, the incidence of such events is not
known. In the interest of patient safety we
should reconsider our policy towards the
routine use of spinal manipulation” [212].

In 2007, the French Medical Society
for Manual Medicine and Osteopathy
SOFMMOO recommended in a scientific
article based on a literature search that
for the cervical spine, despite a lack of
data in the literature, prudence and medi-
colegal issues justify the performance of
systematic radiography prior to cervical
spine manipulation therapy and generally
in case of back or neck pain in patients
of less than 25 years of age [213].

A paper by Michell et al. published in
2004 reported on an investigation on the

effects of cervical spine rotation on verte-
bral artery blood flow [214]. The question
was whether cervical spine rotation, as
used in the standard vertebrobasilar insuf-
ficiency test, is associated with a measur-
able change in intracranial vertebral artery
blood flow. Transcranial Doppler sonog-
raphy was used to measure intracranial
vertebral artery blood flow in 30 young,
healthy, female subjects, with the cervical
spine in the neutral position and with sus-
tained, end-of-range rotation. Statistically
significant decreases in blood flow were
demonstrated, with contralateral rotation
particularly, in the left and right verte-
bral arteries. Despite this change in blood
flow, signs and symptoms of vertebrobasi-
lar insufficiency were not demonstrated
in these subjects. The author concluded
that the use of the vertebrobasilar insuffi-
ciency test, in the absence of a more spe-
cific, sensitive and valid test, should be
recommended to assess the adequacy of
hindbrain blood supply to identify those
patients who may be at risk of serious
complications post-manipulation.

On the other hand, in 1997, a Canadian
researchgroupwasunable to demonstrate
that the extension–rotation test is a valid
clinical screening procedure to detect de-
creased blood flow in the vertebral artery
[215]. They concluded that the value of
this test for screening patients at risk of
stroke after cervical manipulation is ques-
tionable. They tested 12 subjects with
dizziness reproduced by the extension–ro-
tation test and 30 healthy control subjects
using Doppler ultrasonography examina-
tion of their vertebral arteries with the
neck extended and rotated.

Yet maximal rotation of the cervical
spine may significantly affect vertebral
artery blood flow, particularly when used
in the treatment of patients with un-
derlying vascular pathology. In 2003,
Mitchell [216] investigated intracranial
vertebral artery blood flow in normal
male and female subjects, aged 20 to
30 years, in neutral and maximally rotated
cervical spinal positions using transcra-
nial Doppler sonography. The sample
consisted of 60 male subjects and 60 fe-
male subjects (240 vertebral arteries). He
found a significant decrease (P= 0.001)
in intracranial vertebral artery blood flow
following cervical spine rotation, irrespec-
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tive of side but greater on the contralateral
side, in the total sample and in male sub-
jects. Female subjects had a significantly
higher blood flow than male subjects.

In 1998, Licht et al. presented a ran-
domised, controlled and observer-blinded
study comparing flow velocity in the ver-
tebral artery before and after spinal
manipulative therapy using Doppler ul-
trasound technology [217]. Investigated
were 20 Danish university students with
a “biomechanical dysfunction” in the cer-
vical spine. The research group found
no significant changes in these subjects.
They concluded that major changes in
peak flow velocity might in theory explain
the pathophysiology of cerebrovascular
accidents after spinal manipulative ther-
apy. However, in uncomplicated spinal
manipulative therapy, this potential risk
factor was not prevalent.

Vertebrobasilar accidents and cervi-
cal spine high-velocity thrust therapy.
In 2002, Haldeman and collaborators
reported in an extensive paper on verte-
brobasilar accidents in relation to cervical
spine manual therapy [11, 218]. Accord-
ing to these authors, stroke represents
an infrequent adverse reaction associ-
ated with cervical spine manual therapy.
Attempts to identify the patients at risk
and the type of manual technique most
likely to result in these complications of
manual therapy have not been successful.
A retrospective review of 64 medical le-
gal cases of stroke temporally associated
with cervical manual therapy of the spine
was performed to evaluate characteristics
of the treatment rendered and the pre-
senting complaints in patients reporting
these complications. These files included
records from the practitioner who admin-
istered the manual therapy, post-stroke
testing and treatment records usually
by a neurologist, and depositions of the
patient and the practitioner of manual
techniques as well as experts and treating
physicians. A retrospective review of the
fileswas carried out by three (2 in 11 cases)
researchers, using the same data abstrac-
tion instrument, to independently assess
each case. These independent reviews
were followed by a consensus review, in
which all reviewers reached agreement
on file content. Whereas 92% of cases

presented with a history of head and/or
neck pain, 16 (25%) cases presented
with sudden onset of new and unusual
headache and neck pain often associated
with other neurological symptoms that
may represent a dissection in progress.
The strokes occurred at any point during
the course of treatment. Certain patients
reported onset of symptoms immediately
after the first treatment, while in others
the dissection occurred after multiple
manual treatments. There was no appar-
ent dose–response relationship to these
complications. These strokes were noted
following any form of standard cervical
manipulation technique including rota-
tion, extension, lateral flexion and non-
force and manual techniques in neutral
position. The results of this study suggest
that stroke, particularly vertebrobasilar
dissection, should be considered a ran-
dom and unpredictable complication of
any neck movement including cervical
manipulation. They may occur at any
point in the course of treatment with
virtually any method of cervical manual
technique. The sudden onset of acute
and unusual neck and/or head pain may
represent a dissection in progress and be
the reason a patient seeks manual therapy
that then serves as the final insult to the
vessel leading to ischemia.

Finally, the authors conclude that the
literature does not assist in the identifica-
tion of the offending mechanical trauma,
neckmovement or type ofmanual therapy
precipitating vertebrobasilar artery dissec-
tion or the identification of the patient at
risk. Thus, given the current status of the
literature, it is impossible to advisepatients
or physicians about how to avoid verte-
brobasilar artery dissection when consid-
ering cervical manual therapy or about
specific sports or exercises that result in
neck movement or trauma.

In another paper, after analysing
64 cases of cerebrovascular ischemia after
manual therapy, Haldeman et al. stated
that cerebrovascular accidents after such
therapy appear to be unpredictable and
should be considered an inherent, id-
iosyncratic and rare complication of this
treatment approach. It seems not to be
possible to identify factors from the clin-
ical history and physical examination of
the patient that would assist a physician

in attempting to isolate the patient at risk
of cerebral ischemia after cervical manual
therapy [216].

Again, Haldeman and collaborators
studied clinical perceptions of the risk of
vertebral artery dissection after manual
therapy of the cervical spine in 2003
[219]. The purpose of the study was
to assess the effect of referral bias on
the differences in perceived incidence of
vertebral artery dissection after manual
cervical therapy between neurologists
and chiropractors in Canada. In a retro-
spective review, cases where neurological
symptomsconsistentwithcerebrovascular
ischemia were reported by chiropractors
in Canada for the 10-year period 1988 to
1997 were included: there were 23 cases
of vertebral artery dissection after cervi-
cal manipulation reported. Based on the
survey, an estimated 134,466,765 manual
treatments of the cervical spine were
performed during this 10-year period.
This gave a calculated rate of vertebral
artery dissection after manual treatment
of the cervical spine of 1:5,846,381manual
cervical spine treatments. Based on the
number of practicing chiropractors and
neurologists during the period of this
study, 1 in every 48 chiropractors and 1 in
every 2 neurologists would have been
made aware of a vascular complication
from manual treatment of the cervical
spine that was reported during their
practice lifetime.

In 2004, the Cochrane Collaboration
stated that mobilisation and/or manipu-
lation, when used with exercise, are ben-
eficial for persistent mechanical neck dis-
orders with or without headache. Done
alone, manipulation and/or mobilisation
was not beneficial; when compared to one
another, neither was superior [220].

The quite extensive 2005 guidelines
of the Canadian chiropractic profession
stated on the basis of a broad analysis
of the current evidence that none of the
predisposing factors hypothesised in the
literature definitively predict a dissection-
related “cerebrovascular ischemic event”
and, therefore, none is a contraindication
to manipulation [221].

Also in 2005, Haneline and Lewkovich
analysed the aetiology of cervical artery
dissections in the years 1994–2003 [222].
They conducted a literature search of the
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MEDLINE database for English-language
articles published using the search terms
cervical artery dissection (CAD), vertebral
arterydissectionandinternalcarotidartery
dissection. Articleswere selected for inclu-
sion only if they incorporated a minimum
of five case reports of CAD and contained
sufficient information to ascertain a plausi-
ble aetiology. In total, 1014 citations were
identified, 20 met the selection criteria.
Therewere606CADcasesreported inthese
studies; 321 (54%) were internal carotid
arterydissectionand253(46%)wereverte-
bral artery dissection, not including cases
with both; 371 (61%) were classified as
spontaneous, 178 (30%) were associated
with trauma/trivial trauma, and 53 (9%)
were associated with cervical spinal ma-
nipulation. If one apparently biased study
was dropped from the data pool, the per-
centage of CADs related to cervical spinal
manipulation dropped to approximately
6%. The authors concluded that this ae-
tiologic breakdown of CAD did not differ
significantly fromwhathasbeenportrayed
by most other authors.

In a paper presented in 2007, Smith
and collaborators demonstrated that cer-
vical spinal manipulation therapy is an in-
dependent risk factor for vertebral artery
dissection [223]. The data were previously
presented in 2003 [224]. They concluded
that their case-controlledstudyof the influ-
ence of cervical spine manipulation ther-
apy and cervical arterial dissection shows
that this therapy is independently asso-
ciated with vertebral arterial dissection,
even after controlling for neck pain. Pa-
tients undergoing cervical spine manipu-
lation therapy should be consented for the
risk of stroke or vascular injury from the
procedure. A significant increase in neck
pain following cervical spine manipula-
tion therapy warrants immediate medical
evaluation.

In 2008, Cassidy et al. investigated a10-
year period with 818 stroke cases due to
vertebrobasilar artery lesion, hospitalised
in a population of more than 100 million
person-years; 75% were treated by chi-
ropractors, 25% by general practitioners.
They concluded that stroke due to the ver-
tebrobasilar artery is a very rare event in
the population. The increased risk of ver-
tebrobasilar artery stroke associated with
chiropractic and general practitioner vis-

its is likely due to patients with headache
and neck pain from vertebrobasilar artery
dissection seeking care before their stroke.
There is noevidenceof anexcess riskof ver-
tebrobasilar artery stroke associated with
chiropractic carecompared toprimarycare
[171].

In 2009, Dittrich and collaborators
compared 47 consecutive patients with
cervical artery dissection with 47 consec-
utive patients of similar age with ischemic
stroke due to aetiologies other than cer-
vical artery dissection [225]. They found
no association between any single one of
the above risk factors and cervical artery
dissection. Recent infections were more
frequent in the cervical artery dissection
group but failed to reach significance.
However, the cumulative analysis of all
mechanical trigger factors revealed a sig-
nificant association of mechanical risk
factors as a whole in cervical artery dis-
section. The authors concluded that mild
mechanical stress, includingmanual treat-
ment of the cervical spine, plays a role as
possible trigger factor in the pathogene-
sis of cervical artery dissection. Cervical
spine manipulation therapy and recent
infections alone, however, failed to reach
significance in the investigation.

Marx and collaborators evaluated in
2009 all cases with the diagnosis of
cervical artery dissection submitted be-
tween 1996 and 2005 to the Schlich-
tungsstelle für Arzthaftpflichtfragen der
Norddeutschen Ärztekammer for assess-
ment of the accusations brought against
the therapists who conducted the cer-
vical spine manipulation therapy [188].
In neither in the 7 carotid nor in the
9 vertebral artery cases could a causal
link be made between the dissection and
the manipulation. However, in 5 of the
7 carotid and 7 of the 9 vertebral artery
dissections was there clear evidence or
a high probability that the dissection was
present prior to the manual therapy and
had caused neck pain, SD and, in some
cases, even neurological symptoms. In no
case were high-velocity thrust techniques
the unique cause of such a negative event.
Stroke after manual therapy of the cervical
spine was mostly due to embolisation of
thrombotic material from the dissected
artery. As cervical arterial dissection and
cervical spine disorder usually cause sim-

ilar signs and symptoms, physicians must
differentiate between these two entities
prior to any manual treatment of the
spine.

In 2010, the relationship between ver-
tebrobasilar dissection stroke (VADS) and
cervical manipulative therapy (CMT) was
checked fromall data available at the time.
According to current data, the relationship
between vertebrobasilar artery dissection
stroke and manipulation of the cervical
spine is not causal, but patients with VADS
often have initial symptoms which cause
themtoseekcare fromachiropracticphysi-
cian and have a stroke sometime after, in-
dependent of the chiropractic visit. This
new understanding has shifted the focus
for the chiropractic physician from one of
attempting to “screen” for “risk of compli-
cation tomanipulation” to oneof recognis-
ing the patient who may be having VADS
so that early diagnosis and intervention
can be pursued [226].

Finally, a prospective national survey in
the UK to estimate the risk of serious and
relatively minor adverse events follow-
ing cervical spine manipulation therapy
conducted by Haymo and collaborators
[227] in 2007 dealt with data obtained
from 28,807 treatment consultations and
50,276 cervical spinemanipulations. There
were no reports of serious adverse events.
This translates to an estimated risk of
a serious adverse event of, at worst,
approximately 1 per 10,000 treatment
consultations immediately after cervical
spine manipulation therapy, approxi-
mately 2 per 10,000 treatment consulta-
tions up to 7 days after treatment and
approximately 6 per 100,000 cervical
spine manipulations. Minor side effects
with a possible neurologic involvement
were more common. The highest risk
immediately after treatment was fainting/
dizziness/light-headedness in, at worst,
approximately 16 per 1000 treatment
consultations. Up to 7 days after treat-
ment, these risks were headache, in at
worst approximately 4 per 100, numb-
ness/tingling in upper limbs, in at worst
approximately 15 per 1000, and fainting/
dizziness/light-headedness, in at worst
approximately 13 per 1000 treatment
consultations. The study group con-
cluded, consistent with an Italian group
[228], that although minor side effects
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following cervical spine manipulation
treatment were relatively common, the
risk of a serious adverse event, immedi-
ately or up to 7 days after treatment, was
low to very low.

By conclusion and in agreement with
the Bone and Joint Decade 2000–2010
Task Force on Neck Pain and its Associ-
atedDisorders, the best available evidence
suggests initial assessment for neck pain
should focuson triageand thosewithcom-
mon neck pain might be offered primarily
noninvasive treatments if short-term relief
is desired before the evaluation of cervical
spine manipulation therapy [229].

The effectiveness of thrust manipula-
tion for neck pain has been examined in
many high-quality systematic reviews as
well as in evidence-based clinical guide-
lines and health technology assessment
reports. When combined with recent ran-
domised trial results, this evidence sup-
ports including manipulation as a treat-
ment option for neck pain, along with
other interventions such as advice to stay
active and exercises. However, when risk,
benefit and patient preference are consid-
ered, there is currently no preferred first-
line therapy, and no evidence that mo-
bilisation is safer or more effective than
manipulation [230].

Risks of lumbar spine manipulation
therapy
In a 1993 study J.D. Cassidy and coworkers
concluded that the treatmentof lumbar in-
tervertebraldiskherniationbysideposture
manipulation is “both safe and effective”
[231].

Oliphant graded prospective and ret-
rospective studies and review papers ac-
cording to quality in 2004, and results and
conclusions were tabulated [232]. From
the data published, an estimate of the
risk of lumbar spine manipulation therapy
causing a clinically worsened disk herni-
ation or cauda equina syndrome in pa-
tients presenting with lumbar disk herni-
ation was calculated. This was compared
with estimates of the safety of NSAIDs
and surgery in the treatment of lumbar
disk herniation. As a result, an estimate
of the risk of lumbar spine manipulation
therapy causing a clinically worsened disk
herniation or cauda equina syndrome in
a patient presenting with lumbar disk her-

niationwas calculated frompublisheddata
to be less than 1 in 3.7 million. The author
concluded the apparent safety of spinal
manipulation, especially when compared
with other medically accepted treatments
for lumbar disk herniation, should stimu-
late its use in the conservative treatment
plan of lumbar disk herniation.

In 2005, Oppenheim and collabora-
tors reviewed medical records and radio-
graphic studies of appropriate subjects to
better clarify the spectrum of nonvascular
complications following lumbar spine ma-
nipulation therapy, and to help define the
risks of lumbar spine manipulation ther-
apy. In total, 18 patients were identified
who had received lumbar spine manip-
ulation therapy and whose neurological
condition had immediately worsened. In-
juries were sustained to the cervical, tho-
racic and lumbar spine, and resulted var-
iously in myelopathy, paraparesis, cauda
equina syndrome and radiculopathy; 89%
required surgery. Outcome was excellent
in 50% and good in 37.5%. Three pa-
tients died from unrecognised malignan-
cies. The authors concluded that spinal
manipulation can be associated with sig-
nificant complications, often requiring sur-
gical intervention. Pretreatment scanning
may help identify patients with significant
risk factors, such as substantial disc her-
niation or occult malignancies. Prompt
evaluation and intervention is necessary
when symptoms worsen or neurological
deficits develop [233].

Dvořák and collaborators published
a survey among members of the Swiss
Medical Association for Manual Medicine
in 1999. Based on this survey, LBP prob-
lems are approached by means of manual
therapy on average 805 times per year
and physician. On average, each case
with LBP is treated 1.4 times by a general
practitioner with experience in manual
medicine, while specialists dealing with
more complex cases treat on average 4 to
5 times. Based on the survey, side effects
and complications due to lumbar spine
manipulation therapy are extremely rare
[234].

In 1993, Dvořák’s research group pub-
lished from an earlier survey undertaken
1989. Informative data were given by
425 respondents on the frequency of com-
plications of spinal manipulation therapy.

The number of thoracolumbar manipula-
tions during1989was 805 for each respon-
dent, andthenumbermanipulationsof the
cervical spine 354. Thus, the total num-
ber of thoracolumbar manipulations was
342,125, and the total number of cervical
manipulations was 150,450. The overall
incidence of side effects of transient com-
plications due to cervical spine manipula-
tion such as disturbance of consciousness
or radicular signs was 1:16,716. In addi-
tion to increased pain, 17 patients (ratio
1:20,125) showed a transient sensorimotor
deficit with precise radicular distribution
after lumbar spine manipulation therapy.
Nine of the 17 patients (ratio 1:38,013) de-
veloped a progressive radicular syndrome
with sensorimotor deficit and radiologi-
cally verified disc herniation and had to
be referred for surgery. Side effects and
complications of cervical and lumbar spine
manipulationare rare. Taking in to account
the yearly number of manipulations per-
formedbyasinglephysician inSwitzerland
and the rate of complications, it can be cal-
culated that a physician practicing manual
medicine will encounter one complication
due to manipulation of the cervical spine
in 47 years and one complication due to
lumbar spine manipulation in 38 years of
practice [235].

By conclusion, the evidence of today
suggests that consistent with a ran-
domised placebo-controlled double-
blinded trial [236], after an initial as-
sessment to exclude patients with con-
traindications, lumbar spine manipulation
therapy is safe compared to other nonin-
vasive treatment modalities.

Risks of thoracic spine and rib
manipulation therapy
There is very little literature available on
specific risks of thoracic spine or ribmanip-
ulation therapy. During the past 30 years
there have been only four case reports
on epidural thoracic hematoma (partially
combined with leakage of cerebrospinal
fluid) [237–239] and one case report of oe-
sophageal rupture [240] following unclas-
sified, but presumably direct chiropractic
manipulations. In addition, there is one
case report on rib fractures in an infant fol-
lowing chiropractic manipulation for the
treatment of colic [241]. The overall data
from the literature available in terms of
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lumbar spine manipulation therapy sug-
gests the assumption that, after an initial
assessment to exclude patients with con-
traindications,medical thoracic spineor rib
manipulation therapy is safe compared to
other noninvasive treatment modalities.

Risks of manipulation therapy of the
pelvic ring (sacroiliac joints)
There is no literature available on spe-
cific risks of manipulation therapy of the
pelvic ring or the sacroiliac joints. The
data from the available literature in terms
of lumbar spinemanipulation therapy sug-
gests the assumption that, after an initial
assessment to exclude patients with con-
traindications,manipulationtherapyof the
pelvic ring or the sacroiliac joints is safe
compared to other noninvasive treatment
modalities.

Glossary

Adopted from the FIMM glossary. Only
terms used in this document are listed.

Convergence
– In the neural system: afferents of

different tissues converge to dorsal
horn neurons (multireceptive; wide
dynamic range neuron, WDR) in
the spinal cord and in the medulla
oblongata. In biomechanics: position
of the facet joints (convergence/
divergence).

Counternutation
– Counternutation is the minimal move-

ment of the sacrum. The base of
the sacrum shifts backwards and up-
wards, the tip frontwards and slightly
downwards (0.5–1.5°). The counter-
movement is called nutation.

Diagnosis in manual medicine
– Diagnostic skills in manual medicine

build upon conventional medical
techniques with manual assessment
of individual tissues and functional
assessment of the whole locomo-
tor system based upon scientific
biomechanical and neurophysiologic
principles.

Dry needling
– Intramuscular application of acupunc-

ture needles in order to release con-
tracted muscle areas (myofascial
trigger points) by mechanical micros-
timulation and microtraumatisation.

Free direction
– Free direction is the direction of

movement in an articular system in
which the intensity of nociceptive
afference is not enhanced. Opposite:
the direction of movement provoking
increase of nociception (direction of
painful movement).

Global range of motion
– See range of motion.

HVLA thrust
– High-velocity, low-amplitude thrust.

Hypermobility
– Increase in mobility resulting from

congenital, constitutional, structural or
functional changes of the joints or soft
tissue. It may occur locally, regionally
or generalised.

Joint play
– All passive movements of a joint

controlled exclusively by gravity or
external forces.

Locomotor system
– In the context of manual medicine, the

locomotor (or musculoskeletal) system
includes the muscles, aponeuroses,
bones and joints of the axial and
appendicular skeleton, ligaments and
those parts of the nervous or visceral
system associated with or significantly
affected by their function.

Manipulation
– Traditionally, the term manipula-

tion has been understood to refer to
the technique of high-velocity, low-
amplitude thrust (HVLA). With the
development of other techniques,
manipulation is understood to refer
to a variety of methods that restore
normal anatomic and functional rela-
tionships within the musculoskeletal
system. In most European countries,

the term is used exclusively for the
technique of HVLA thrust.

Manual medicine
– Manual medicine is the medical dis-

cipline of enhanced knowledge and
skills in the diagnosis, treatment and
prevention of reversible functional
disorders of the locomotor system.

– The term defines all scopes of manual
medicine and the noninvasive part of
musculoskeletal medicine.

Manual medicine physician
– Physician who performs manual

medicine.

Manual medicine techniques
– Methods, procedures or manoeuvres

taught in a recognised school of
manual medicine or employed by
a manual medicine physician for
therapeutic purposes.

Mechanoreceptor
– Encapsulated nerve endings (receptor

endings classified by the method of
Freeman and Wyke meeting the fol-
lowing three criteria: (1) encapsulation,
(2) identifiable morphometry and
(3) consistent morphometry on serial
sections) are believed to be primarily
mechanosensitive and may provide
proprioceptive and protective infor-
mation to the central nervous system
regarding joint function and position.

Mechanotransduction
– The process by which cells convert

mechanical stimuli into a chemical
response. It can occur in both cells
specialised for sensing mechanical
cues such as mechanoreceptors, and
in parenchymal cells whose primary
function is not mechanosensory.

Mobilisation
– Passive, slow and repeated motion of

axial traction and/or rotation and/or
translatory gliding with increasing am-
plitude in order to improve restricted
articular mobility.

Multireceptive dorsal horn neuron
– Is a dorsal horn neuron especially

represented in lamina V in which
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a variety of afferents with different
qualities and from different organ
systems (joints, muscles, skin, viscera,
etc.) converge. This results in the first
summary of information of the dorsal
horn.

Musculoskeletal medicine
– Musculoskeletal medicine embodies

all medical disciplines that deal with
the diagnosis of acute and chronic con-
ditions affecting the musculoskeletal
system in adults and children, includ-
ing the psychosocial impact of these
conditions. Musculoskeletal medicine
is a branch of medicine that deals
with acute or chronic musculoskeletal
injury, disease or dysfunction. Its aim is
to address somatic dysfunction, which
is an impaired or altered function of
the components of the somatic (body
framework) system. The somatic sys-
tem includes the skeletal, arthrodial
and myofascial structures with their
related vascular, lymphatic and neural
elements.

Neuromuscular techniques (NMT)
– A group of manual techniques that

incorporate mobilisation by using
the contraction force of the agonists
(NMT 1), mobilisation after post-iso-
metric relaxation of the antagonists
(NMT 2) or mobilisation using recip-
rocal inhibition of the antagonists
(NMT 3).

NMT
– See neuromuscular techniques.

Nocigenerator
– Nocigenerator is an organ or anatomi-

cal region that contains C-fibres. It gives
information to the central nervous sys-
tem (CNS) that there are ongoing
activities threatening the body, e.g., tis-
sue damage inflammation, mechanical
irritation, etc.

Nocireaction
– Is the response of connective tissue,

sympathetic and parasympathetic
systems, endocrine system, motor
system and spinal, subcortical and
cortical structures to nociafferent

input to the body (hurt, heat, acid,
mechanotrauma).

Nutation
– Nutation is the minimal movement of

the sacrum. The base of the sacrum
shifts forwards and downwards, the
tip backwards and slightly upwards
(0.5–1.5°). The countermovement is
called counternutation.

Painful minor intervertebral dysfunction
– A term used in some European coun-

tries to describe the nature of painful
dysfunction.

Pain-provocation test
– A test which stresses the body part(s)

being testedwith functional or physical
force in order to elicit diagnostic pain.

Pre-tensioning
– Is part of the preparation of an articular

structure in order to perform HVLA
thrust.

Prevention in manual medicine
– Patient involvement in the therapeutic

activity, resulting from the detailed
diagnosis, helps in the prevention of
recurrence of somatic dysfunction.

Range of motion
– Range of motion refers to the distance

and direction a joint canmovebetween
the flexed position and the extended
position.

Referred pain
– The nocigenerator being not in the

painful tissue (e.g., “Head” zone).

Reversible dysfunction
– A peripheral articular or segmental

dysfunction is responsive to manual
medicine techniques in the sense of
improved or restored function. Manual
medicine deals primarily with the
diagnosis and treatment of reversible
dysfunction.

Segmental celluloperiosteal myalgic syn-
drome
– Painful minor intervertebral dysfunc-

tion causes reflex reactions within the
same metamer leading to spinal so-

matic dysfunction (syndrome cellulo-
périosto-myalgique segmentaire).

Segmental dysfunction
– Segmental dysfunction is a reversible

uni- or multicausal alteration of the
normal or physiological vertebral
segmental function.

Segmental irritation
– Activation of afferent neurons followed

by nocireaction.

Self-mobilisation
– Self-stretching techniques that specif-

ically use joint traction or glides that
direct the stretch force to the joint
capsule or the muscles involved.

Sensitisation
– The receptive fields are enlarged,

threshold in first (peripheral) or second
(central) neuron is lowered leading to
hyperalgesia.

Soft tissue treatment techniques
– Inhibition technique using digital

compression for 1 min of a tender
point. Deep transverse friction: strong
friction of a structure thought to be
malfunctioning (e.g., muscle, tendon).
Stretching in a direction perpendicular
or parallel to the muscle fibres without
tightening the skin.

Somatic dysfunction
– Impaired or altered function of related

components of the somatic system
(skeletal, arthrodial, myofascial) and
related neural, vascular and lymphatic
elements. Somatic dysfunction is
a reversible dysfunction.

Spinothalamic projection neuron
– See: multireceptivedorsal hornneuron.

Stabilising techniques
– Stabilising techniques in manual

medicine consider sensory and motor
components related to the locomotor
system for optimal stabilisation of the
core, the spine or a joint.

Strengthening techniques
– Strengthening techniques involve

exercises increasing muscle strength
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by putting more strain on a muscle
than it is accustomed to receiving. This
increased load stimulates the growth
of proteins inside each muscle cell that
allow themuscle as a whole to increase
contraction strength.

Tender point
– Secondary local hyperalgesia without

structural lesion (e.g., widespread pain
syndrome with multilocular tender
points).

Tensegrity
– An architectural principle in which

compression and tension are used to
give a structure its form.

Trial mobilisation
– A testing manoeuvre to predict pos-

sible adverse reactions of manual
medicine treatments.

Trial tensioning
– See: trial mobilisation.

Trigger point, myofascial
– Structural lesion within myofibres

by contraction of a part of the fibre
producing referred pain.

Undirected movement dysfunction
– More than one movement direction in

an articular system causing nocireac-
tion.

WDR
– Wide dynamic range neuron, special

kind of dorsal horn multireceptive neu-
ron predominantly found in lamina V
(see convergence).

Corresponding address

Prof. Dr. med. Hermann Locher, MD
Lindauer Str. 16/1, 88069 Tettnang, Germany
derlocher@gmx.de

Acknowledgements. The European Scientific
Society of Manual Medicine (ESSOMM) greatly appre-
ciates the financial and technical support provided
by all the National Society members of ESSOMM for
the development and publication of this curriculum.
In particular, thanks to the Associazione Italiana di
Terapia Ortopedica del Dolore, Osteopatia e Medic-
ina Manuale (AITODOMM), which hosted ESSOMM

for its launchmeeting in 2005 and the follow-up
meetings until 2021 in Rome. ESSOMM acknowl-
edges its indebtedness to the representatives of the
member societies who worked towards reviewing
and finalising this curriculum.

Members of the ESSOMMRome Consensus
Group. Tijen Acarkan, MD (Turkey); Freerk Barth, MD
(Germany); Helle Borgstrøm, MD (Denmark); Henk
Bultman, MD (The Netherlands); Borian Buzhov, MD
(Bulgaria); Sibel Çağlar Okur, MD (Turkey); Manlio Ca-
porale, MD (Italy); Federico Di Segni, MD (Italia); Lars
Faldborg, MD (Denmark); Ferda Firdin, MD (Turkey);
Dimitar Genov, MD (Bulgaria); Karen Goss, MD (Den-
mark); Michaela Habring, MD (Austria); Palle Holck,
MD (Denmark); Niels Jensen, MD (Denmark); Wim
Jorritsma, MD (The Netherlands); Ruth Kamping,
MD (Germany); Gudrun Klimczyk, MD (Germany);
Fabio Larosa, MD (Italy); Alexander Lechner, MD
(Austria); Volker Liefring, MD (Germany); Wolfram
Linz, MD (Germany); Stephan Martin, MD (Germany);
Jörn Meissner, MD (Germany); Heinz Mengemann,
MD (Austria); Hüseyin Nazlıkul, MD (Turkey); Robert
Satran, MD (Israel); Nicholas Straiton, MD (Great
Britain); Ilia Todorov, MD (Bulgaria); Peter Wittich, MD
(Germany)

Members of the Editorial Commission. Mat-
teo Bernardotto, MD (Great Britain); Lothar Beyer,
MD, ESSOMM advisory board (Germany); Michaela
Habring, MD, coordinator of ESSOMM (Austria);
Wolfgang v. Heymann†, MD, former treasurer and
former curriculum officer (Germany); Marieta Karad-
jova, MD (Bulgaria); Hermann Locher, MD, president
(Germany); Mariá Victoria Sotos Borrás, MD (Spain);
Bernard Terrier, MD, vice president (Switzerland);
Stephan Vinzelberg, MD (Germany)

Declarations

Conflict of interest. H. Locher,M. Bernardotto,
L. Beyer,M. Karadjova, and S. Vinzelberg declare that
theyhave no competing interests.

For this article no studieswith humanparticipants
or animalswere performedby anyof the authors. All
studiesmentionedwere inaccordancewith theethical
standards indicated in each case.

Open Access. This article is licensedunder a Creative
CommonsAttribution 4.0 International License,which
permits use, sharing, adaptation, distribution and re-
production in anymediumor format, as long as you
give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons li-
cence, and indicate if changesweremade. The images
or other third partymaterial in this article are included
in the article’s Creative Commons licence, unless in-
dicatedotherwise in a credit line to thematerial. If
material is not included in the article’s Creative Com-
mons licence and your intendeduse is not permitted
by statutory regulation or exceeds the permitteduse,
youwill need toobtain permissiondirectly from the
copyright holder. To viewa copyof this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

Cited Literature

1. von Heyman W, Böhni U, Locher H (2012) Grund-
lagenforschung trifftManualmedizin. Ergebnisse
der Bodenseekonferenz deutschsprachiger Man-
ualmediziner,22.–24. Juli2005,BadHorn,Schweiz.
ManMed4:1–10

2. Locher H (2012) Manipulation und Mobilisation.
In: HildebrandJ,PfingstenM(eds)Rückenschmerz
undLendenwirbelsäule. Elsevier,München,p23

3. Xanthos DN, Sandkühler J (2014) Neurogenic
neuroinflammation: inflammatory CNS reactions
in response to neuronal activity. Nat Rev Neurosci
15:43–53

4. Arendt-Nielsen L, Larsen RJ, Drewes AM (2000)
Referred pain as an indicator for neural plasticity.
ProgBrainRes129:343–356

5. Böhni U, Lauper M, Locher H (eds) (2015)
Fehlfunktion und Schmerz am Bewegungsorgan
verstehen und behandeln, 2nd edn. Manuelle
Medizin, vol1. Thieme,Stuttgart

6. Böhni U, Lauper M, Locher H (eds) (2020)
Diagnostische und therapeutische Techniken
praktisch anwenden, 2nd edn. ManuelleMedizin,
vol2. Thieme,Stuttgart

7. Vinzelberg S, Beyer L (2020) Funktionelles Denken
– Vermittlung im Kurssystem der Manuellen
Medizin.ManMed58:279–285

8. Locher H (2011) Inhibitorische Systeme. In:
Locher H, Casser HR, Strohmeier M, Grifka J
(eds) Spezielle Schmerztherapie der Halte- und
Bewegungsorgane. Thieme,Stuttgart,pp61–63

9. Habring M et al (2012) Die körpereigene
Schmerzhemmung – ständig vorhanden aber
klinisch immer noch zuwenig beachtet. ManMed
50:175–182

10. Laube W (2020) Sensomotorik und Schmerz.
Springer,BerlinHeidelberg

11. Mintken PE, McDevitt A, Cleland J et al (2016)
Cervicothoracicmanual therapyplusexercise

12. Paige NM et al (2017) Association of spinal
manipulative therapy with clinical benefit and
harm for acute low back pain: systematic review
andmetaanalysis. JAMA317:1451–1460

13. Pelletier R, Bourbonnais D, Higgins J (2018)
Nociception,pain,neuroplasticityandthepractice
of osteopathic manipulative medicine. Int J
OsteopathMed27:34–44

14. NelsonKE, Glonek T (2007) Somatic dysfunction in
osteopathic family medicine. Lippincott Williams
&Wilkins,Baltimore

15. VanBuskirk RL (1990)Nociceptive reflexes and the
somatic dysfunction: a model. J Am Osteopath
Assoc90(9):792–794,797–809

16. Nijs J et al (2011) How to explain central
sensitization topatientswith unexplained chronic
musculoskeletal pain: practice guidelines. Man
Ther16:413–418

17. NemethE(1999)Physicalmedicineinthediagnosis
and treatmentof functional disorders of the spinal
column.MedPregl52(6–8):233–236

18. Meleger AL, Krivickas LS (2007) Neck and back
pain: musculoskeletal disorders. Neurol Clin
25(2):419–438

19. ColeWV (1952) The osteopathic lesion syndrome:
the effects of an experimental vertebral articular
strain on the sensory unity. J AmOsteopathAssoc
51(8):381–387

20. Korr IM, Wright HM, Thomas PE (1962) Effects
of experimental myofascial insults on cutaneous

Manuelle Medizin · Suppl 1 · 2022 S33

http://creativecommons.org/licenses/by/4.0/


Übersichten

patterns of sympathetic activity in man. J Neural
Transm23:330–335

21. Kidd B, Cruwys S, Mapp PL, Blake DR (1992) Role
of sympathetic nervous system in chronic joint
pain and inflammation. Ann Rheumatol Dis
51:1188–1191

22. Korr IM (1975) Proprioceptors and somatic
dysfunction. JAmOsteopathAssoc74(7):638–650

23. MacDonald R (2016) Somatic dysfunction: the life
ofaconcept. In: HudsonM,WardA(eds)Theoxford
textbook of musculoskeletal medicine, 2nd edn.
UniversityPress,Oxford,pp13–22

24. FryerG(2016)Somaticdysfunction: anosteopathic
conundrum. Int JOsteopathMed22:52–63

25. Woolf CJ (2011) Central sensitization: implications
for the diagnosis and treatment of pain. Pain
152:S2–S15

26. Benjamin M, Kaiser E, Milz S (2008) Structure-
function relationships in tendons: a review.
KaibogakuZasshi212(3):211–228

27. Williams N (1997) Managing back pain in general
practice—is osteopathy the new paradigm? Br J
GenPract47:653–655

28. Licciardone JC, Kearns CM (2012) Somatic
dysfunction and its association with chronic low
back pain, back-specific functioning, and general
health: results from the OSTEOPATHIC trial. J Am
OsteopathAssoc112(7):420–428

29. Licciardone JC, Kearns CM, Hodge LM,
Bergamini MVW (2012) Associations of cytokine
concentrations with key osteopathic lesions
and clinical outcomes in patients with non-
specific chronic low back pain: results from
the OSTEOPATHIC trial. J Am Osteopath Assoc
112(9):596–605

30. Niemier K, RitzW, SeidelW (2007) The influence of
somatic dysfunction on chronicmuscular skeletal
painsyndromes. Schmerz21(2):139–145

31. Tozzi P (2015) Aunifyingneuro-fasciagenicmodel
of somatic dysfunction—underlyingmechanisms
and treatment—Part I. J Bodyw Mov Ther
19(2):310–326

32. TozziP(2015b)Aunifyingneuro-fasciagenicmodel
of somaticdysfunction—Underlyingmechanisms
and treatment—Part II. J Bodyw Mov Ther
19(3):526–543

33. Johnston WL, Golden WJ (2001) Segmental
definition—Part IV. Updating the differential for
somatic andvisceral inputs. JAmOsteopathAssoc
101(5):278–283

34. KucheraML(2007)Applyingosteopathicprinciples
to formulate treatment for patients with chronic
pain. J Am Osteopath Assoc 107(10 Suppl
6):eS28–eS38

35. Soubeiran L, Hubert D, Serreau R, Desmazes-
Dufeu N, Zegarra-Parodi R (2011) Prevalence of
somatic dysfunctions in adult patients with cystic
fibrosis—apilotstudy. JPhysTher4(1):18–31

36. Tozzi P (2012) Selected fascial aspects of osteo-
pathicpractice. JBodywMovTher16(4):503–519

37. Standley PR, Meltzer K (2008) In vitro modelling
of repetitive motion strain and manual medicine
treatments: potential roles for pro- and anti-
inflammatory cytokines. J Bodyw Mov Ther
12(3):201–203

38. HindleKBetal (2012)Proprioceptiveneuromuscu-
lar facilitation (PNF): its mechanisms and effects
on range ofmotion andmuscular function. J Hum
Kinet31:105–113

39. Clar C et al (2014) Clinical effectiveness of manual
therapy for the management of musculoskeletal
and non-musculoskeletal conditions: systematic
reviewandupdate ofUKevidence report. Chiropr
ManTher22:12

40. Bruckner P, Khan QKC (2012) Clinical sport
medicine,4thedn.McGraw-Hill, Sydney

41. LiemT(2016)ATstillsosteopathiclesiontheoryand
evidence-basedmodels supporting the emerged
concept of somatic dysfunction. J Am Osteopath
Assoc116(10):654–661

42. MoranR(2016)Somaticdysfunction—conceptually
fascinating, but does it help us address health
needs? Int JOsteopathMed22:1–2

43. TreatmentofMusculoskeletal Pain: AComprehen-
siveModel. Man Ther.; 14(5):531–538. https://doi.
org/10.1016/j.math.2008.09.001

44. Bialosky JE, Bishop MD, Price DD et al (2009) The
mechanisms of manual therapy in the treatment
ofmusculoskeletal pain: a comprehensivemodel.
ManTher14(5):531–538. https://doi.org/10.1016/
j.math.2008.09.001

45. AlbertHB, Hauge E,Manniche C (2012) Centraliza-
tion in patients with sciatica: are pain responses
torepeatedmovementandpositioningassociated
with outcome or types of disc lesions? Eur Spine J
21(4):630–636. https://doi.org/10.1007/s00586-
011-2018-9

46. SimonsDG,Mense S (2003)Diagnosis and therapy
ofmyofascial triggerpoints. Schmerz17:419–424

47. Al-Shenquiti AM, Oldham JA (2005) Test-retest
reliability of myofascial trigger point detection in
patients with rotator cuff tendonitis. Clin Rehabil
19(5):482–487

48. Bron C, Franssen J, Wensing M, Oostendorp RA
(2007) Interrater reliability of palpation of
myofascial trigger points in three shoulder
muscles. JManManipTher15(4):203–215

49. Gerwin RD et al (1997) Interrater reliability in
myofascial trigger point examination. Pain
69:65–73

50. Klett K (1999) Scintigraphic detection of trigger
points.ManMed37:121–123

51. BuchmannJ,NeustadtB,Buchmann-BarthelKetal
(2014)Objectivemeasurementof tissue tension in
myofascial trigger point areas before and during
the administration of anesthesia with complete
blocking of neuromuscular transmission. Clin J
Pain30:191–198

52. Cowan SM, Schache AG, Brukner P et al (2004)
Delayed onset of transversus abdominus in long-
standing groin pain. Med Sci Sports Exerc
36(12):2040–2045

53. Danneels LA, Coorevits PL, Cools AM et al (2002)
Differences in electromyographic activity in the
multifidus muscle and the iliocostalis lumborum
between healthy subjects and patients with sub-
acute and chronic low back pain. Eur Spine J
11(1):13–19

54. Smith MD, Russell A, Hodges PW (2006) Disorders
of breathing and continence have a stronger
association with back pain than obesity and
physicalactivity. Aust JPhysiother52(1):11–16

55. Falla D, Rainoldi A, Merletti R, Jull G (2003) My-
oelectric manifestations of sternocleidomastoid
andanteriorscalenemusclefatigueinchronicneck
painpatients. ClinNeurophysiol114(3):488–495

56. FallaD,BilenkijG, JullG(2004)Patientswithchronic
neckpain demonstrate alteredpatterns ofmuscle
activation during performance of a functional
upper limbtask. Spine29(13):1436–1440

57. Nadler SF, Malanga GA, Feinberg JH et al (2001)
Relationship between hip muscle imbalance and
occurrence of low back pain in collegiate athletes:
a prospective study. Am J Phys Med Rehabil
80:572–577

58. Mellor R, Hodges PW (2005) Motor unit synchro-
nization is reduced in anterior knee pain. J Pain
6(8):550–558

59. Vleeming A, SchuenkeMD, Danneels L, Willard FH
(2014) The functional coupling of the deep
abdominal and paraspinalmuscles: the effects of
simulated paraspinalmuscle contraction on force
transfer to the middle and posterior layer of the
thoracolumbar fascia. J Anat 225(4):447–462.
https://doi.org/10.1111/joa.12227

60. Hoheisel U, Rosner J, Mense S (2015) Innervation
changes induced by inflammation of the rat
thoracolumbar fascia. Neuroscience300:351–359.
https://doi.org/10.1016/j.neuroscience.2015.05.
034

61. Arumugam A, Milosavljevic S, Woodley S et al
(2012) Effects of external pelvic compression
on form closure, force closure, and neuromotor
control of the lumbopelvic spine. A systematic
review. Man Ther 17:275–284. https://doi.org/10.
1016/j.math.2012.01.010

62. Stecco A, Gesi M, Stecco C, Stern R (2013) Fascial
components of the myofascial pain syndrome.
Curr Pain Headache Rep 17:352. https://doi.org/
10.1007/s11916-013-0352-9

63. Borg-Stein J, Wilkins A (2006) Soft tissue determi-
nants of low back pain. Curr Pain Headache Rep
10(5):339–344

64. Wilke J, Vogt L, Pfarr T, BanzerW (2018) Reliability
andvalidityof a semi-electronic tissue compliance
meter to assessmuscle stiffness. BMR. https://doi.
org/10.3233/BMR-170871

65. Chu D, LeBlanc R, D’Ambrosia R, Baratta RV,
Solomonov M (2003) Neuromuscular disorder in
response to anterior cruciate ligament creep. Clin
Biomech18(3):222–230

66. GibsonW,Arendt-NielsenL,TaguchiT,MizumuraK,
Graven-Nielsen T (2009) Increased pain from
muscle fascia following eccentric exercise: animal
and human findings. Exp Brain Res 194:299–308.
https://doi.org/10.1007/s00221-008-1699-8

67. ZhangY,GeHY,YueSWetal (2009)Attenuatedskin
blood flow response to nociceptive stimulation of
latent myofascial trigger points. Arch Phys Med
Rehabil90:325–332

68. Ng CP, Hinz B, Swartz MA (2005) Interstitial
fluid flow induces myofibroblast differentiation
and collagen alignment in vitro. J Cell Sci
118:4731–4739. https://doi.org/10.1242/jcs.0260

69. Threlkeld AJ (1992) The effects ofmanual therapy
on connective tissue. Phys Ther 72(12):893–902.
https://doi.org/10.1093/ptj/72.12.89

70. VleemingA,Pool-GoudzwaardAL,StoeckartR,van
WingerdenJP,SnijdersCJ(1995)Theposterior layer
of the thoracolumbar fascia. Its function in load
transfer fromspine to legs. Spine20(7):753–758

71. Zito G, Jull G, Story I (2006) Clinical tests of
musculoskeletal dysfunction in the diagnosis of
cervicogenicheadache.ManTher11(2):118–129

72. Bouche K, Stevens V, Cambier D, Caemaert J,
Danneels L (2006) Comparison of postural control
in unilateral stance between healthy controls and
lumbar discectomy patients with and without
pain. Eur Spine J 15(4):423–432. https://doi.org/
10.1007/s00586-005-1013-4

73. Gill KP, Callaghan MJ (1998) The measurement
of lumbar proprioception in individuals with and
without lowbackpain. Spine23(3):371–377

74. Teodorczyk-Injeyan JA, McGregor M, Triano JJ,
InjeyanSH (2018) Elevatedproductionofnocicep-
tive CC chemokines and sE-Selectin in patients
with low back pain and the effects of spinal
manipulation: a nonrandomized clinical trial. Clin
J Pain 34(1):68–75. https://doi.org/10.1097/AJP.
0000000000000507

75. Perry J, Green A, Singh S, Watson P (2011)
A preliminary investigation into the magnitude

S34 Manuelle Medizin · Suppl 1 · 2022

https://doi.org/10.1016/j.math.2008.09.001
https://doi.org/10.1016/j.math.2008.09.001
https://doi.org/10.1016/j.math.2008.09.001
https://doi.org/10.1016/j.math.2008.09.001
https://doi.org/10.1007/s00586-011-2018-9
https://doi.org/10.1007/s00586-011-2018-9
https://doi.org/10.1111/joa.12227
https://doi.org/10.1016/j.neuroscience.2015.05.034
https://doi.org/10.1016/j.neuroscience.2015.05.034
https://doi.org/10.1016/j.math.2012.01.010
https://doi.org/10.1016/j.math.2012.01.010
https://doi.org/10.1007/s11916-013-0352-9
https://doi.org/10.1007/s11916-013-0352-9
https://doi.org/10.3233/BMR-170871
https://doi.org/10.3233/BMR-170871
https://doi.org/10.1007/s00221-008-1699-8
https://doi.org/10.1242/jcs.0260
https://doi.org/10.1093/ptj/72.12.89
https://doi.org/10.1007/s00586-005-1013-4
https://doi.org/10.1007/s00586-005-1013-4
https://doi.org/10.1097/AJP.0000000000000507
https://doi.org/10.1097/AJP.0000000000000507


of effect of lumbar extension exercises and
asegmentalrotatorymanipulationonsympathetic
nervous systemactivity. Man Ther 16(2):190–195.
https://doi.org/10.1016/j.math.2010.10.008

76. Winzenberg T, Jones G, Callisaya M (2015)
Musculoskeletal chest wall pain. Aust Fam
Physician44(8):540–544

77. ZügelM,Maganaris CN,Wilke J et al (2018) Fascial
tissue research in sportsmedicine: frommolecules
to tissue adaptation, injury and diagnostics:
consensusstatement. Br JSportsMed52(23):1497.
https://doi.org/10.1136/bjsports-2018-099308

78. Bove GM, Delany SP, Hobsonb L et al (2019)
Manual therapy prevents onset of nociceptor
activity, sensorimotor dysfunction, and neural
fibrosis induced by a volitional repetitive task.
Pain160:632–644. https://doi.org/10.1097/j.pain.
0000000000001443

79. Barassi G et al (2018) Somato-visceral effects in
the treatment of dysmenorrhea: neuromuscular
manual therapy and standard pharmacolog-
ical treatment. J Altern Complement Med
24(3):291–299. https://doi.org/10.1089/acm.
2017.0182

80. Barton PM, Hayes KC (1996) Neck flexor muscle
strength,efficiency, andrelaxationtimes innormal
subjectsandsubjectswithunilateralneckpainand
headache. ArchPhysMedRehabil77(7):680–687

81. Arumugam A, Milosavljevic S, Woodley S, Sole G
(2012) Effects of external pelvic compression
on form closure, force closure, and neuromotor
control of the lumbopelvic spine—a systematic
review. ScotlandManTher17(2012):275–284

82. Kovanur-Sampath K, Ramakrishnan M, Cotter J,
Gisselman AS, Tumilty S (2017) Changes in
biochemical markers following spinal manipu-
lation—a systematic review and meta-analysis.
MusculoskeletSciPract. https://doi.org/10.1016/j.
msksp.2017.04.004

83. Kovanur-Sampath K et al (2017) Neuro-endocrine
response following a thoracic spinalmanipulation
in healthy men. J Orthop Sports Phys Ther
47(9):617–627. https://doi.org/10.2519/jospt.
2017.7348

84. Fernández-Pérez AM et al (2013) Can myofascial
techniques modify immunological parameters?
J Altern Complement Med 19(1):24–28. https://
doi.org/10.1089/acm.2011.0589

85. Giles PD, Hensel KL, Pacchia CF, Smith ML (2013)
Suboccipital decompression enhances heart rate
variability indices of cardiac control in healthy
subjects. J Altern Complement Med 19(2):92–96.
https://doi.org/10.1089/acm.2011.0031

86. Jowsey P, Perry J (2010) Sympathetic nervous
system effects in the hands following a grade III
postero-anterior rotatorymobilisation technique
applied to T4: A randomised, placebo-controlled
trial. ManTher15(2010):248–253. https://doi.org/
10.1016/j.math.2009.12.008

87. Perry J, Green A, Singh S, Watson P (2015) A ran-
domised, independentgroups study investigating
the sympathetic nervous system responses to two
manual therapy treatments in patients with LBP.
ManTher20(6):861–867. https://doi.org/10.1016/
j.math.2015.04.011

88. RoyRA,Boucher JP,ComtoisAS(2013)Comparison
of paraspinal cutaneous temperature measure-
mentsbetween subjectswithandwithout chronic
low back pain. J Manipulative Physiol Ther
36(1):44–50. https://doi.org/10.1016/j.jmpt.2012.
12.00

89. TeruiN,KoizumiK(1984)Responsesofcardiavagus
and sympathetic nerves to excitation of somatic
andvisceralnerves. JAutonNervSyst10:73–91

90. Younes M, Nowakowski K, Didier-Laurent B,
Gombert M, Cottin F (2017) Effect of spinal ma-
nipulative treatmentoncardiovascular autonomic
control in patients with acute low back pain.
Chiropr Man Therap 25:33. https://doi.org/10.
1186/s12998-017-0167-6

91. Yung E, Wong M, Williams H, Mache K (2014)
Blood pressure and heart rate response to
posteriorly directed pressure applied to the
cervical spine in young, pain-free individuals:
a randomized, repeated-measures, doubleblind,
placebo-controlled study. J Orthop Sports Phys
Ther 44(8):622–626. https://doi.org/10.2519/
jospt.2014.4820

92. Zegarra-ParodiR,PazdernikVK,RoustitM,ParkPYS,
Degenhardt BF (2016) Effects of pressure applied
during standardized spinal mobilizations on
peripheral skin blood flow: a randomised cross-
over study. ManTher21:220–226. https://doi.org/
10.1016/j.math.2015.08.008

93. MoutzouriM, Perry J, Billis E (2012) Investigationof
the effects of a centrally applied lumbar sustained
natural apophyseal glide mobilization on lower
limb sympathetic nervous system activity in
asymptomatic subjects. J Manipulative Physiol
Ther 35(4):286–294. https://doi.org/10.1016/j.
jmpt.2012.04.016

94. Chaudhry H, Huang CY, Schleip R, Ji Z, Bukiet B,
Findley T (2007) Viscoelastic behavior of human
fasciae under extension in manual therapy.
JBodywMovTher11:159–167. https://doi.org/10.
1016/j.jbmt.2006.08.012

95. Kwong EH, Findley TW (2014) Fascia—current
knowledge and future directions in physiatry:
narrative review. JRehabil ResDev51(6):875–884.
https://doi.org/10.1682/JRRD.2013.10.0220

96. Schilder A, Hoheisel U, Magerl W et al (2014)
Sensory findings after stimulation of the tho-
racolumbar fascia with hypertonic saline sug-
gest its contribution to low back pain. Pain
155(2):222–231. https://doi.org/10.1016/j.pain.
2013.09.025

97. Langevin HM, Fox JR, Koptiuch C, Badger GJ,
Greenan-Naumann AC et al (2011) Reduced
thoracolumbar fascia shear strain in human
chronic low back pain. BMCMusculoskelet Disord
12:203 (www.biomedcentral.com/1471-2474/12/
203)

98. Busato M et al (2016) Fascial manipulation
associated with standard care compared to
only standard postsurgical care for total hip
arthroplasty: a randomized controlled trial. PM
R 8(2016):1142–1150. https://doi.org/10.1016/j.
pmrj.2016.04.007

99. Barry CM, Kestell G, Gillian M, Habergerber RV,
Gibbins IL (2015) Sensory nerve fibers containing
calcitonin gene-related peptide in gastrocne-
mius, latissimus dorsi and erector spinaemuscles
and thoracolumbar fascia in mice. Neuro-
science 291:106–117. https://doi.org/10.1016/j.
neuroscience.2015.01.062

100. Valenzuela PL, Pancorbo S, Lucia A, Germain F
(2019) Spinal manipulative therapy effects in
autonomic regulation and exercise performance
in recreational healthy athletes: a randomized
controlled trial. Spine 44(9):609–614. https://doi.
org/10.1097/BRS.0000000000002908

101. Brandolini S et al (2019) Sport injury prevention
in individuals with chronic ankle instability:
fascial manipulation® versus control group:
a randomized controlled trial. J Bodyw Mov
Ther23(2019):316–323. https://doi.org/10.1016/j.
jbmt.2019.01.001

102. BoveGM, Chapelle SL (2012) Visceralmobilization
can lyse and prevent peritoneal adhesions in a rat
model. J BodywMov Ther 16:76–82. https://doi.
org/10.1016/j.jbmt.2011.02.004

103. Sizer PS et al (2007) Medical screening for
red flags in the diagnosis and management of
musculoskeletal spinepain. PainPract7:53–57

104. Wainner RS et al (2003) Reliability and diagnostic
accuracy of the clinical examination and patient
self-report measures for cervical radiculopathy.
Spine28(1):52–62

105. SeffingerM,NajmW,MishraSetal(2004)Reliability
of spinal palpation for diagnosis of back and neck
pain: a systematic review of the literature. Spine
29:E413–E442

106. Blanpied PR et al (2017) Neck pain: revision 2017.
JOrthopSportsPhysTher47:A1–A83

107. Childs JD et al (2008) Neck pain: clinical practice
guidelines linkedtothe international classification
of functioning, disability and health from the
orthopaedic sectio of the American physical
therapy association. J Orthop Sports Phys Ther
38(9):A1–A34. https://doi.org/10.2519/jospt.
2008.0303

108. Guzman Jetal (2009)Clinical practice implications
of the Bone and Joint Decade 2000–2010 Task
Force on neck pain and its associated disorders.
Fromconcepts andfindings to recommendations.
JManipulativePhysiolTher32(2Suppl):5227–5243

109. Hutting N, Scholten-Peeters GGM, Vijverman V,
KeesenbergMDM, VerhagenAP (2013)Diagnostic
accuracy of upper cervical spine instability tests.
Asystematic review. PhysTher93(12):1686–1695

110. Jorritsma W et al (2014) Physical dysfunction
and non-organic signs in patients with chronic
neck pain: exploratory study into interobserver
reliability and construct validity. J Orthop Sports
PhysTher44:366–374

111. Vleeming A, Albert HB, Ostgaard HC, Sturesson B,
Stuge B (2008) European guidelines for the
diagnosis and treatment of pelvic girdle pain. Eur
SpineJ17:794–819

112. Gatchel RJ, Mayer TG (2010) Testing minimal
clinically important difference: consensus or
conundrum. SpineJ10:321–327

113. Gatchel RJ, Mayer TG (2010) Testingminimal clin-
ically important difference: additional comments
andscientific reality testing. SpineJ10:330–332

114. Ostelo RW et al (2008) Interpreting change
scores for pain and functional status in low back
pain: towards international concensus regarding
minimal importantchange. Spine33:90–94

115. Becker WJ (2010) Cervicogenic headache: evi-
dence that the neck is a pain generator. Headache
50:699–705

116. BogdukN,GovindJ (2009)Cervicogenicheadache:
an assessment of the evidence on clinical
diagnosis, invasive tests, and treatment. Lancet
Neurol8(10):959–968

117. Bono CM et al (2011) An evidence-based clinical
guideline for the diagnosis and treatment
of cervical radiculopathy from degenerative
disorders. SpineJ11(2011):64–72

118. Kuijper B et al (2009) Degenerative cervical
radiculopathy: diagnosis and conservative
treatment. A review. Eur JNeurol16(1):15–20

119. Murphy DR, Hurwitz EL (2011) Application of
a diagnosis-based clinical decision guide in
patientswithneckpain. ChiroprManTherap19:1

120. Rubinstein SM, Van Tulder M (2008) A best
evidence reviewofdiagnosticprocedures forneck
and low back pain. Best Pract Res Clin Rheumatol
22(3):471–448

Manuelle Medizin · Suppl 1 · 2022 S35

https://doi.org/10.1016/j.math.2010.10.008
https://doi.org/10.1136/bjsports-2018-099308
https://doi.org/10.1097/j.pain.0000000000001443
https://doi.org/10.1097/j.pain.0000000000001443
https://doi.org/10.1089/acm.2017.0182
https://doi.org/10.1089/acm.2017.0182
https://doi.org/10.1016/j.msksp.2017.04.004
https://doi.org/10.1016/j.msksp.2017.04.004
https://doi.org/10.2519/jospt.2017.7348
https://doi.org/10.2519/jospt.2017.7348
https://doi.org/10.1089/acm.2011.0589
https://doi.org/10.1089/acm.2011.0589
https://doi.org/10.1089/acm.2011.0031
https://doi.org/10.1016/j.math.2009.12.008
https://doi.org/10.1016/j.math.2009.12.008
https://doi.org/10.1016/j.math.2015.04.011
https://doi.org/10.1016/j.math.2015.04.011
https://doi.org/10.1016/j.jmpt.2012.12.00
https://doi.org/10.1016/j.jmpt.2012.12.00
https://doi.org/10.1186/s12998-017-0167-6
https://doi.org/10.1186/s12998-017-0167-6
https://doi.org/10.2519/jospt.2014.4820
https://doi.org/10.2519/jospt.2014.4820
https://doi.org/10.1016/j.math.2015.08.008
https://doi.org/10.1016/j.math.2015.08.008
https://doi.org/10.1016/j.jmpt.2012.04.016
https://doi.org/10.1016/j.jmpt.2012.04.016
https://doi.org/10.1016/j.jbmt.2006.08.012
https://doi.org/10.1016/j.jbmt.2006.08.012
https://doi.org/10.1682/JRRD.2013.10.0220
https://doi.org/10.1016/j.pain.2013.09.025
https://doi.org/10.1016/j.pain.2013.09.025
http://www.biomedcentral.com/1471-2474/12/203
http://www.biomedcentral.com/1471-2474/12/203
https://doi.org/10.1016/j.pmrj.2016.04.007
https://doi.org/10.1016/j.pmrj.2016.04.007
https://doi.org/10.1016/j.neuroscience.2015.01.062
https://doi.org/10.1016/j.neuroscience.2015.01.062
https://doi.org/10.1097/BRS.0000000000002908
https://doi.org/10.1097/BRS.0000000000002908
https://doi.org/10.1016/j.jbmt.2019.01.001
https://doi.org/10.1016/j.jbmt.2019.01.001
https://doi.org/10.1016/j.jbmt.2011.02.004
https://doi.org/10.1016/j.jbmt.2011.02.004
https://doi.org/10.2519/jospt.2008.0303
https://doi.org/10.2519/jospt.2008.0303


Übersichten

121. Thoomes EJ et al (2018) Value of physical tests in
diagnosing cervical radiculopathy: a systematic
review. SpineJ18(2018):179–189. https://doi.org/
10.1016/j.spinee.2017.08.241

122. Sjaastad O, Fredriksen TA, Pfaffenrath V, Cervico-
genic headache: diagnostic criteria (1998) The
cervicogenic headache international studygroup.
Headache38(6):442–445

123. Apeldoorn AT et al (2012) The cross-sectional
construct validity of theWaddell score. Clin J Pain
28:309–317

124. Kreiner DS et al (2014) An evidence-based clinical
guideline for the diagnosis and treatment of
lumbardischerniationwith radiculopathy. Spine J
14(2014):180–191

125. Bauer JA, Murray RD (1999) Electromyographic
patternsof individuals suffering fromlateral tennis
elbow. JElectromyogrKinesiol9(4):245–252

126. Kreiner DS et al (2013) An evidence-based clinical
guideline for the diagnosis and treatment of
degenerative lumbal spinal stenosis (update).
SpineJ13:734–774

127. De Schepper ET, OverdevestGM, Suri P et al (1976)
Diagnosis of lumbar spinal stenosis: an updated
systematic review of the accuracy of diagnostic
tests. Spine 38(8):E469–E481. https://doi.org/10.
1097/BRS.0b013e31828935ac

128. Maloney Backstrom K et al (2011) Lumbar spinal
stenosis-diagnosis andmanagement of the aging
spine.ManTher16:308–317

129. Rudwaleit M et al (2011) The assessment of
spondyloarthritis international society classifica-
tion criteria for peripheral spondyloarthritis and
for spondyloarthritis in general. Ann Rheum Dis
70:25–31

130. Rudwaleit M et al (2009) The development of
assessmentofspondyloarthritis internationalsoci-
ety classification criteria for axial spondyloarthritis
(part II); validationandfinal selection. AnnRheum
Dis68:777–783

131. Rudwaleit M et al (2019) Correction: the
development of assessment of SpondyloArthritis
international society classification criteria for axial
spondyloarthritis (part II): validation and final
selection. AnnRheumDis 78:e59. https://doi.org/
10.1136/ard.2009.108233corr1

132. vonHeymannW,MollW, RauchG (2018) Studyon
sacroiliac jointdiagnostics-Reliabilityof functional
andpainprovocation tests. ManMed56:239–248.
https://doi.org/10.1007/s00337-018-0405-6

133. Simopoulos et al (2012)A systematic evaluationof
prevalence and diagnostic accuracy of sacroiliac
joint interventions. PainPhysician15:E305

134. Nee RJ, Jull GA, Vicenzino B, Copieters MW (2012)
The validity of upper-limbneurodynamic tests for
detecting peripheral, neuropathic pain. J Orthop
SportsPhysTher42(5):413–412

135. Chesworth B, MacDermid J, Roth J et al (1998)
Movementdiagramand “endfeel” reliabilitywhen
measuring passive lateral rotation of the shoulder
in patients with shoulder pathology. Phys Ther
78:593–601

136. BellamyN,KlestovA,MuirdenKetal (1999)College
of Rheumatology classification criteria for hand,
knee and hip osteoarthritis (OA): observations
based on an Australian Twin Registry study of OA.
JRheumatol26:2654–2658

137. Watson LA et al (2009) Masterclass thoracic
outlet syndrome part 1. Clinical manifestations,
differentiationand treatmentpathways. ManTher
14:586–595

138. Weaver ML et al (2017) New diagnostic and
treatment modalities for neurogenic thoracic
coutlet syndrome. Diagnostics7:2–28

139. Simons DG, Mense S (1998) Understanding and
measurement ofmuscle tone as related to clinical
musclepain. Pain75:1–17

140. Sandkühler J, Chen JG, Cheng G, Randic M (1997)
Low-frequency stimulation of afferent ad-fibers
induces long-termdepression at primary afferent
synapseswithsubstantiagelatinosaneurons inthe
rat. JNeurosci17(16):6483–6491

141. LuomajokiHetal (2008)Movementcontrol testsof
the lowback: evaluationof thedifferencebetween
patients with low back pain and healthy controls.
BMCMusculoskelet Disord 9:170. https://doi.org/
10.1186/1471-2474-9-170

142. Vroomen PCAJ, de Krom MCTFM, Wilmink JT,
KesterADM,KnottnerusJA(2002)Diagnosticvalue
of history and physical examination in patients
suspectedof lumbosacralnerve rootcompression.
JNeurolNeurosurgPsychiatry72:630–634

143. Masic I, Miokovic M, Muhamedagic B (2008)
Evidence basedmedicine—newapproaches and
challenges. Acta Inform Med 16(4):219–225.
https://doi.org/10.5455/aim.2008.16.219-225

144. Haneline MT (2007) Evidence-based chiropractic
practice. JonesandBarlett,BostonTorontoLondon

145. Patijn J (2019) Reproducibility protocol
for diagnostic procedures in manual/
musculoskeletal medicine. Man Med
57:451–479. https://doi.org/10.1007/s00337-
019-00581-5.—2019

146. Sacher R et al (2022) Effects of single manual
medicine treatment for infants with postural
and movement asymmetries and positional
preference: Amulticentre randomised controlled
trial – SMMT for IPMA. Physikalische Medizin
Rehabilitationsmedizin Kurortmedizin. https://
doi.org/10.1055/a-1704-3494

147. Wong JJ et al (2016) Aremanual therapies, passive
physical modalities, or acupuncture effective
for the management of patients with whiplash-
associated disorders or neck pain and associated
disorders? Anupdateof theBoneandJointDecade
Task Force on Neck Pain. Spine J 16:1598–1630.
https://doi.org/10.1016/j.spine.2015.08.024

148. von HeymannW et al (2013) Spinal high-velocity
low amplitudemanipulation in acute nonspecific
lowbackpain. Spine 38:540–548. https://doi.org/
10.1097/BRS.0b013e318275d09c

149. Michaleff ZA et al (2012) Spinalmanipulation epi-
demiology: systematic review of costeffectivness
studies. J Electromyogr Kinnesiol 22:655–662.
https://doi.org/10.1016/j.jelekin.2012.02.011.—2012

150. Slater SI et al (2012) The effectiveness of sub-
group specific manual therapy for low back pain:
systematic review. Man Ther 17:201–212. https://
doi.org/10.1016/j.math.2012.01.006

151. Furlan AD (2012) Complementary andAlternative
Therapies for Back Pain II. Evidence-based
Complementary Altern Med. https://doi.org/10.
1155/2012/953139

152. Hidalgo B (2017) The efficacy of manual therapy
and exercise for treating non-specific neck pain:
a systematic review. J BackMusculoskelet Rehabil
30:1149–1169. https://doi.org/10.3233/BMR-
169615.—2017

153. Aoyagi M et al (2015) Determining the level
of evidence for the effectiveness of spinal
manipulation in upper limb pain: A systematic
review andmeta-analysis. Man Ther 20:515–523.
https://doi.org/10.1016/j.math.2014.11.004.—2014

154. SalamhHet al (2017) Treatment effectiveness and
fidelityofmanual therapytotheknee: asystematic
review and meta-analysis. Musculoskelet Care
15:238–248. https://doi.org/10.1002/msc.1166

155. XuQ et al (2017) The effectiveness ofmanual ther-
apy for relievingpain, stiffness, anddysfunction in
kneeosteoarthritis: a systematic reviewandmeta-
analysis. PainPhys20:229–243

156. Cakixtre LB et al (2015) Manual therapy for
the management of pain and limited range of
motion in subjects with signs and symptoms
of temporomandibular disorder: a systematic
review of randomised controlled trials. J Oral
Rehabil 42:847–861. https://doi.org/10.1111/
joor.12321.—2015

157. Martins WR et al (2016) Efficacy of muscu-
loskeletal manual approach in the treatment of
temporomandibular joint disorder: a system-
aticreviewwithmeta-analysis.ManTher21:10–17.
https://doi.org/10.1016/j.math.2015.06.009.—2016

158. www.fimm-online.com/file/repository/guidelines_
on_basic_training_and_safety_3_1.pdf. Ac-
cessed23.06.2022

159. Senstad O, Leboeuf-Yde C, Borchgrevink C (1997)
Frequencyandcharacteristicsof sideeffects. Spine
22(4):435–440

160. Boullet R (1990) Treatment of sciatica: a com-
parative survey of the complications of surgical
treatmentandnucleolysiswithchymopapain. Clin
Orthop251:144–152

161. Cagnie B, Vincka E, Beernaert A, Cambiera D
(2004) How common are side effects of spinal
manipulation and can these side effects be
predicted?ManTher9:151–156

162. Cassidy JD, Boyle E, Côté P, He Y, Hogg-Johnson S,
Silver FL, Bondy SJ (2008) Risk of vertebrobasilar
stroke and chiropractic care. Results of a popula-
tion-based case-control and case-crossover study.
Spine33:176–183

163. Caswell A (1998) MIMS Annual, 22nd edn.
MediMedia Publishing, St Leonards (Australian
Edition)

164. Dabbs V, Lauretti W (1995) A risk assessment of
cervicalmanipulationvsNSAIDS for the treatment
of neck pain. J Manipulative Physiol Ther
18:530–536

165. Deyo RA, Cherkin DC, Loesser JD, Bigos SJ, Ciol MA
(1992)Morbidity andmortality in associationwith
operations on the lumbar spine. J Bone Joint Surg
Am74:536–543

166. Dittrich R, Rohsbach D, Heidbreder A,
Heuschmann P, Nassenstein I, Bachmann R,
RingelsteinEB,KuhlenbäumerG,NabaviDG(2007)
Mildmechanical traumas are possible risk factors
for cervical artery dissection. Cerebrovasc Dis
23:275–281

167. Ernst E (2001) Life-threatening complications of
spinalmanipulation. Stroke32:809–810

168. Ernst E (2001) Prospective investigations into the
safety of spinal manipulation. J Pain Symptom
Manage21:238–242

169. Gabriel SE, Jaakkimainen L, Bombardier C (1991)
Risk of serious gastrointestinal complications
related to the use of nonsteroidal anti-inflam-
matory drugs: a meta-analysis. Ann Intern Med
115:787–796

170. Gouveia LO, Castanho P, Ferreira JJ (2009) Safety
of chiropractic interventions: a systematic review.
Spine34:405–413

171. Haldeman S, Kohlbeck FJ, McGregor M (1999)
Risk factors and precipitating neck movements
causing vertebrobasilar artery dissection after
cervical trauma and spinal manipulation. Spine
24:785–794

172. Herzog W, Symonds B (2002) Forces and elon-
gations of the vertebral artery during range of
motion testing, diagnostic procedures, and neck
manipulative treatments. In: Proceedings of

S36 Manuelle Medizin · Suppl 1 · 2022

https://doi.org/10.1016/j.spinee.2017.08.241
https://doi.org/10.1016/j.spinee.2017.08.241
https://doi.org/10.1097/BRS.0b013e31828935ac
https://doi.org/10.1097/BRS.0b013e31828935ac
https://doi.org/10.1136/ard.2009.108233corr1
https://doi.org/10.1136/ard.2009.108233corr1
https://doi.org/10.1007/s00337-018-0405-6
https://doi.org/10.1186/1471-2474-9-170
https://doi.org/10.1186/1471-2474-9-170
https://doi.org/10.5455/aim.2008.16.219-225
https://doi.org/10.1055/a-1704-3494
https://doi.org/10.1055/a-1704-3494
https://doi.org/10.1016/j.spine.2015.08.024
https://doi.org/10.1097/BRS.0b013e318275d09c
https://doi.org/10.1097/BRS.0b013e318275d09c
https://doi.org/10.1016/j.math.2012.01.006
https://doi.org/10.1016/j.math.2012.01.006
https://doi.org/10.1155/2012/953139
https://doi.org/10.1155/2012/953139
https://doi.org/10.1002/msc.1166
http://www.fimm-online.com/file/repository/guidelines_on_basic_training_and_safety_3_1.pdf
http://www.fimm-online.com/file/repository/guidelines_on_basic_training_and_safety_3_1.pdf


theWorld Federation of Chiropractic 6th Biennial
CongressParis,pp199–200

173. Horowitz SH (1994) Peripheral nerve injury and
causalgia secondary to routine venipuncture.
Neurology44:962–964

174. Hufnagal A, Hammers A, Schonle P-W, Bohm K-D,
Leonhardt G (1999) Stroke following chiropractic
manipulation of the cervical spine. J Neurol
246:683–686

175. Humphreys BK (2010) Possible adverse events in
children treated by manual therapy: a review.
ChiroprOsteopat18:12–19

176. Hurwitz EL,MorgensternH, VassilakiM, ChiangLM
(2005)Frequencyandclinicalpredictorsofadverse
reactionstochiropracticcare intheUCLAneckpain
study. Spine30:1477–1484

177. LeeKP, CarliniWG,McCormickGF,AlbersGF (1995)
Neurologic complications following chiropractic
manipulation: a survey of California neurologists.
Neurology45:1213–1215

178. Licht PB, Christensen HW, Svendensen P, Høilund-
Carlsen PF (1992) Vertebral artery flow and
cervical manipulation: an experimental study.
JManipulativePhysiolTher22:431–435

179. Marx P, Püschmann H, Haferkamp G, Busche T,
NeuJ(2009)Manipulativetreatmentofthecervical
spine and stroke. Article in German: Manip-
ulationsbehandlung der HWS und Schlaganfall.
FortschrNeurolPsychiatr77:83–90

180. Miley ML, Wellik KE, Wingerchuk DM, Demaer-
schalk BM (2008) Does cervical manipulative
therapy cause vertebral artery dissection and
stroke?Neurologist14:66–73

181. Rome PL (1999) Perspective: an overview of
comparative considerations of cerebrovascular
accidents. Chiropract JAust29:87–102

182. Rosner AL (2001) Re: chiropractic manipula-
tion and stroke—letter to the editor. Stroke
32:2207–2209

183. Rossetti AO, Bogousslavsky J (2002) Dissections
artérielles et manipulations cervicales. Rev Med
Suisse39

184. Rothwell DM, Bondy SJ, Williams JI (2001) Chiro-
practic manipulation and stroke—A population-
basedcase-control study. Stroke32:1054–1060

185. Rubinstein SM, Peerdeman SM, van Tulder MW,
RiphagenI,HaldemanS(2005)Asystematicreview
of the risk factors for cervical artery dissection.
Stroke36:1575–1580

186. SaxlerG,SchopphoffE,QuitmannH,QuintU(2005)
Spinal manipulative therapy and cervical artery
dissections. HNO53:563–567

187. Stevinson C, Honan W, Cooke B, Ernst E (2001)
Neurological complications of cervical spine
manipulation. JRSocMed94:107–109

188. Suh SI, Koh SB, Choi EJ, Kim BJ, Park MK,
Park KW, Yoon JS, Lee DH (2005) Intracranial
hypotensioninducedbycervicalspinechiropractic
manipulation. Spine30:340–342

189. Symons BP, Leonard T, Herzog W (2002) Internal
forces sustained by the vertebral artery during
spinal manipulative therapy. J Manipulative
PhysiolTher25:504–510

190. TerrettAGL (1987)Vascular accidents fromcervical
spine manipulation. J Aust Chiropract Assoc
17:15–24

191. Terrett AGL (1996) Vertebral stroke following
manipulation. National Chiropractic Mutual
InsuranceCompany,WestDesMoines

192. Thiel HW, Bolton JE, Docherty S, Portlock JC (2007)
Safety of chiropracticmanipulation of the cervical
spine—A prospective national survey. Spine
32:2375–2378

193. Vohra S, Johnston BC, Cramer K, Humphreys K
(2007) Adverse events associated with pediatric
spinal manipulation: a systematic review.
Pediatrics119:275–283

194. Di Fabio R (1999) Manipulation of the cervical
spine: risksandbenefits. PhysTher79:50–65

195. Eder M, Tilscher H (1987) Chirotherapie: Vom
Befund zur Behandlung. Hippokrates, Stuttgrart.
ISBN3-7773-0838-2.

196. TilscherH,EderM(2008)Reflextherapie: Konserva-
tive Orthopädie, Grundlagen, Behandlungstech-
niken, Richtlinien, Behandlungsführung, 4th edn.
Maudrich. ISBN978-3-85175-885-6.

197. BinSaeedA, ShuaibA,Al-Sulatti G, EmeryD (2000)
Vertebral artery dissection: warning symptoms,
clinical features andprognosis in26patients.Can J
NeurolSci27:292–296

198. Klougart N, Leboeuf-Yde C, Rasmussen L (1996)
Safety in chiropractic practice, Part I; The occur-
rence of cerebrovascular accidents after manipu-
lation to the neck in Denmark from 1978–1988. J
ManipulativePhysiolTher19:371–377

199. LaurettiW (2006)Whatare the risks of chiropractic
necktreatments?

200. Coulter I, Hurwitz E, Adams A (1996) Appropri-
ateness of manipulation and mobilization of the
cervical spine. RandCorporation,SantaMonica

201. Dvořák J, Orelli F (1985) How dangerous is
manipulationtothecervicalspine?ManMed2:1–4

202. Jaskoviak P (1980) Complications arising from
manipulation of the cervical spine. JManipulative
PhysiolTher3:213–219

203. Henderson DJ, Cassidy JD (1988) Vertebral artery
syndrome. In: Vernon H (ed) Upper cervical
syndrome: chiropractic diagnosis and treatment.
WilliamsandWilkins,Baltimore,pp195–222

204. Eder M, Tilscher H (1990) Chiropractic therapy:
Diagnosis and Treatment (English translation).
AspenPublishers,Rockville,p61

205. Haldeman S, Chapman-Smith D, Petersen DM
(1993) Guidelines for chiropractic quality as-
surance and practice parameters. Aspen,
Gaithersburg,pp170–172

206. Kleynhans AM, Terrett AG (1992) Cerebrovascular
complications of manipulation. In: Haldeman S
(ed) Principles and practice of chiropractic,
2ndedn. AppletonLang,EastNorwalk

207. Haldeman S, Kohlbeck F, McGregor M (2002)
Unpredictability of cerebrovascular ischemia
associated with cervical spine manipulation
therapy: a reviewof sixty-four cases after cervical
spinemanipulation. Spine27:49–55

208. HaldemanS,CareyP,TownsendM,PapadopoulosC
(2002) Clinical perception of the risk of vertebral
artery dissection after cervicalmanipulation: the
effectof referralbias. SpineJ2:334–342

209. HaldemanS,CareyP,TownsendM,PapadopoulosC
(2001) Arterial dissections following cervical
manipulation: the chiropractic experience. Can
MedAssocJ165:905–906

210. Ernst E (2002) Spinal manipulation: Its safety is
uncertain. CMAJ166:40–41

211. U.S. Preventive Services Task Force (1989) Guide
to clinical preventive services: report of the U.S.
PreventiveServicesTaskForce. Dianepublishing,p
24 ISBN978-1-56806-297-6.

212. Ernst E (2007) Adverse effects of spinal manip-
ulation: a systematic review. J R Soc Med
100:330–338

213. MaigneJY,GoussardJC,DumontF,MartyM,Berlin-
son G (2007) Société française de médecine
manuelle orthopédique et ostéopathique
(SOFMMOO). Is systematic radiography needed
before spinal manipulation? Recommendations

of the SOFMMOO. Ann Readapt Med Phys
50:111–118

214. Michell K, Keen D, Dyson C, Harvey L, Pruvey C,
Phillips R (2004) Is cervical spine rotation, as
used in the standard vertebrobasilar insufficiency
test, associated with a measureable change in
intracranial vertebral artery bloodflow?ManTher
9:220–227

215. Côté P, Kreitz BC, Cassidy JD, Thiel H (1996) The
validity of the extension-rotation test as a clinical
screening procedure before neck manipulation:
a secondary analysis. J Manipulative Physiol Ther
19:159–164

216. Michell JA(2003)Changes invertebralarteryblood
flow following normal rotation of the cervical
spine. JManipulativePhysiolTher26:347–351

217. Licht PB, Christensen HW, Høgasrd P, Marving J
(1998) Vertebral artery flow and spinal manipu-
lation: a randomized, controlled and observer-
blinded study. J Manipulative Physiol Ther
21:141–144

218. Haldeman S, Kohlbeck FJ, McGregor M (2002)
Stroke, cerebral artery dissection, and cer-
vical spine manipulation therapy. Neurol
249:1098–1104

219. HaldemanS,CareyP,TownsendM,PapadopoulosC
(2003) Clinical perceptions of the risk of vertebral
artery dissection after cervicalmanipulation: the
effectof referralbias. Neurology60:1424–1428

220. Gross AR, Hoving JL, Haines TA, Goldsmith CH,
Kay T, Aker P, Bronfort G et al (2004) A Cochrane
review of manipulation and mobilization for
mechanicalneckdisorders. Spine29:1541–1548

221. Anderson-Peacock E, Blouin JS, Bryans R et al
(2005) Chiropractic clinical practice guideline:
Evidence-based treatment of adult neck pain not
duetowhiplash. JCanChiroprAssoc49:160–212

222. Haneline MT, Lewkovich GN (2005) An analysis of
theaetiologyofcervicalarterydissections: 1994 to
2003. JManipulativePhysiolTher28:617–622

223. Smith WS, Johnston SC, Skalabrin EJ, Weaver M,
Azari P, Albers GW, Gress DR (2006) Spinal
manipulative therapy is an independent risk factor
for vertebral artery dissection. Cerebrovasc Dis
23:275–281

224. Smith WS, Johnston SC, Skalabrin EJ, Weaver M,
Azari P, Albers GW, Gress DR (2003) Spinal
manipulative therapy is an independent risk
factor for vertebral artery dissection. Neurology
60:1424–1428

225. Dittrich R, Rohsbach D, Heidbreder A,
Heuschmann P, Nassenstein I, Bachmann R,
RingelsteinEB,KuhlenbäumerG,NabaviDG(2009)
Mildmechanical traumas are possible risk factors
for cervical artery dissection. Fortschr Neurol
Psychiatr77:83–90

226. Murphey DR (2010) Current understandingof the
relationship between cervical manipulation and
stroke: what does it mean for the chiropractic
profession? ChiroprOsteopat8:22–31

227. Haymo W, Thiel DC, Bolton EJ, Docherty S, Port-
lock JC (2007) Safety of chiropracticmanipulation
ofthecervicalspine. Aprospectivenationalsurvey.
Spine32:2375–2378

228. Barbieri M, Maero S, Mariconda C (2007) Manip-
ulazioni vertebrali: danni correlati e potenziali
fattoridi rischio. EurMedicaphys43(Supl. 1):1–2

229. Guzman J, Haldeman S, Carroll LJ, Carragee EJ,
HurwitzEL,PelosoP,NordinM,CassidyJD,HolmLW,
Côté P, van der Velde G, Hogg-Johnson S (2008)
Clinical practice implications of the bone and joint
decade 2000–2010 task force on neck pain and its
associated disorders. From concepts and findings
torecommendations. Spine33(4Suppl):199–213

Manuelle Medizin · Suppl 1 · 2022 S37



Übersichten

230. Cassidy JD, Bronfort G, Hartvigsen J (2012) Should
we abandon cervical spine manipulation for
mechanicalneckpain? BMJ344:3680

231. Cassidy JD, Thiel H, Kirkaldy-Willis W (1993) Side
posture manipulation for lumbar intervertebral
disk herniation. J Manipulative Physiol Ther
16:96–103

232. OliphantD (2004) Safety of spinalmanipulation in
the treatment of lumbar disk herniations: a sys-
tematicreviewandriskassessment. JManipulative
PhysiolTher27:197–210

233. Oppenheim JS, Spitzer DE, Segal DH (2005)
Nonvascular complications following spinal
manipulation. SpineJ5:660–667

234. Dvořák J,DvořákV, SchneiderW, Tritschler T (1999)
Manual therapy in lumbo-vertebral syndromes.
Orthopade28:939–945

235. Dvořák J, LoustalotD, BaumgartnerH, Antinnes JA
(1993) Frequency of complications of manipula-
tion of the spine. A survey among themembers of
theSwissMedical SocietyofManualMedicine. Eur
SpineJ2:136–139

236. von Heymann WJ, Schloemer P, Timm J,
Muehlbauer B (2013) Spinal high-velocity low
amplitude manipulation in acute nonspecific
low back pain: a double-blinded randomized
controlled trial in comparisonwithDiclofenac and
placebo. Spine38:540–548

237. Donovan JS, Kerber CW,DonovanWH,Marshall LF
(2007) Development of spontaneous intracranial
hypotensionconcurrentwithgradeIVmobilization
of the cervical and thoracic spine: a case report.
ArchPhysMedRehabil88:1472–1473

238. Dominicucci M, Ramieri A, Salvati M, Brogna C,
RacoA (2007)Cervicothoracic epidural hematoma
after chiropractic spinal manipulation therapy.
Case reportandreviewof the literature. JNeursurg
Spine7:571–574

239. LeeTH, ChenCF, LeeTC, LeeHL, LuCH (2011)Acute
thoracic epidural hematoma following spinal
manipulative therapy: case report and review of
the literature. ClinNeurolNeurosurg113:575–577

240. Sozio MS, Cave M (2008) Boerhaaves syndrome
following chiropractic manipulation. Am Surg
74:428–429

241. Wilson PM, GreinerMV, Duma EM (2012) Posterior
rib fractures in a young infant who received
chiropracticcare. Pediatrics130:1359–1362

Further Reading

242. BischoffHP,MollH (2018) LehrbuchderManuellen
Medizin,7thedn. Spitta,Balingen

243. Bond BM, Kinslow CD, Yoder AW, Liu W (2020)
Effects of spinal manipulative therapy on me-
chanical pain sensitivity in patients with chronic
non specific low back pain: a pilot randomized,
controlledtrial. JManManipTher1:15–27. https://
doi.org/10.1080/10669817.2019.1572986

244. Bautista-AguirreMet al (2017) Effect of cervical vs
thoracic spinemanipulation on peripheral neural
features andgrip strength in subjectswith chronic
mechanical neck pain: a randomized controlled
trial. Eur JPhysRehabilMed53:333–341

245. Bundesärztekammer (2009) Wissenschaftliche
Bewertung Osteopathischer Verfahren. Dtsch
Arztebl106(46):A2325–A2334

246. Bundesärztekammer (BÄK), Kassenärztliche
Bundesvereinigung (KBV), Arbeitsgemein-
schaft der wissenschaftlichen medizinischen
Fachgesellschaften (AWMF), Nationale Ver-
sorgungsleitlinie nichtspezifischer Kreuzschmerz

(NVL-NsKS), Langfassung, 2. Auflage. Version 1,
2017

247. Bundesärztekammer (2018) Musterkursbuch
ärztlicheWeiter-undFortbildung

248. Chaibietal (2017)Chiropracticspinalmanipulative
therapy for cervicogenic headache: a single
blinded, placebo, randomized control trial. BMC
ResNotes10:310–321

249. De Stefano L (2010) Greenman’s principles of
manualmedicine. LippincottWilliamsandWilkins,
NewYork

250. Fernández-de-las-Peñas et al (2017) Effectiveness
of manual therapy versus surgery in pain
processing due to carpal tunnel syndrome:
a randomized clinical trial. Eur J Pain. https://doi.
org/10.1002/ejp.1026

251. Ferragut-Garcias A et al (2017) Effectiveness of
atreatmentinvolvingsofttissuetechniquesand/or
neural mobilisation techniques in the manage-
ment of tension type headache: a randomized
controlledtrial. ArchPhysMedRehabil98:211–219

252. GKV Spitzenverband (2021) https://www.
gkv-spitzenverband.de/service/zahlen_und_
grafiken/zahlen_und_grafiken.jsp. Accessed
23.06.2022

253. Goadsby PJ (2008) On the functional neu-
roanatomy of neck pain. Cephalgia 28(Suppl
1):1–7

254. HalderA,KroppenstedtS,LocherHetal (2018)S2k-
Leitlinie Spezifischer Kreuzschmerz. In: DGOOC
(ed) Leitlinien für Diagnostik und Therapie in der
Orthopädie (AWMF Registernummer: 033-051,
online06.02.2018)

255. Hawk et al (2017) Systematic review of nondrug,
nonsurgical treatment of shoulder conditions.
JManipulativePhysiolTher40:293–319

256. Jänig W (2011) Basic science on somatovisceral
interactions: peripheral and central evidence
base and implications for research. In: King HH,
Jänig W, Patterson MM (eds) The science and
clinical application of manual therapy. Churchill
Livingstone,Edinburgh, London,NewYork,p291

257. Lewis T (1983) The youngest science: notes of
amedicinewatcher. Viking,NewYork

258. LocherH (2007)DieBlockierungalsUnterformder
motorischen System Aktivierung. In: Bischoff HP,
Heysel H, Locher H (eds) Praxis der konservativen
Orthopädie. Thieme,Stuttgart

259. Locher H (2010) Die Schmerzanalyse bei
Schmerzen am Bewegungsorgan und Ableitung
einer rationalen Differenzialtherapie. Praxisrele-
vante Assessments auf dem Boden grundlagen-
wissenschaftlicher Erkenntnisse. Orthop Prax
46(2):57–74

260. LocherH (2008)NeurophysiologischeGrundlagen
der Manuellen Medizin. In: Heimann D, Lawall J
(eds) Leitfaden Manuelle Medizin, 4th edn.
Elsevier,München

261. Locher H (2012b) Von der Schmerzanalyse zur
Diagnose bei Schmerzen am Bewegungsorgan.
ManMed50:409–422

262. LownB(2022)DieverloreneKunstdesHeilens, An-
leitung zumUmdenken. Suhrkamp Taschenbuch
3574. Schattauer, Stuttgart

263. Mintken PE, McDevitt AW, Cleland JA, Boyles RE,
Beardslee AR, Burns SA, Haberl MD, Hinrichs LA,
Michener LA (2016) Cervicothoracic manual
therapy plus exercise therapy versus exercise
therapy alone in the management of individuals
with shoulder pain: A multicenter randomized
controlled trial. Journal of Orthopaedic & Sports
Physical Therapy. https://doi.org/10.2519/jospt.
2016.6319

264. Nimier K (2020)Nicht spezifischer Rückenschmerz
oder spezifische Subgruppenbildung? Diskussion
einerModellbildung. OUP9:285–292. https://doi.
org/10.3238/oup.2020.0285-0292

265. Pohl M et al (2017) K-Leitlinie Zervikale Radiku-
lopathie. In: DeutscheGesellschaft für Neurologie
(ed) Deutsche Gesellschaft für Neurologie (Hrsg.)
Leitlinien für Diagnostik und Therapie in der
Neurologie,p2

266. Pollacketal (2017)Manual therapy forplantarheel
pain. Foot34:11–16

267. Rigo Lima C, Fernandes Martins D, Reed WR
(2020)Physiological responses inducedbymanual
therapy in animalmodels: a scoping review. Front
Neurosci14:430

268. SchuelerM,Messlinger K, DuxM, NeuhuberW, De
Col R (2013) Extracranial projections ofmeningeal
afferents and their impact onmeningeal nocicep-
tionandheadache. Pain154:622–631

269. Zieglgänsberger W (1986) Central control of
nociception. In: Mountcastle VB, Bloom FE,
Geiger SR (eds) Handbook of physiology—the
nervoussystemIV.WilliamsandWilkins,Baltimore,
p581

270. Barnes PL, Laboy F 3rd, Noto-Bell L, Ferencz V,
Nelson J, Kuchera ML (2013) A comparative
study of cervical hysteresis characteristics after
variousosteopathicmanipulativetreatment(OMT)
modalities. JBodywMovTher17(1):89–94

271. BurnsDK,WellsMR(2006)Gross rangeofmotion in
thecervicalspine: theeffectsofosteopathicmuscle
energy technique in asymptomatic subjects. J Am
OsteopathAssoc106(3):137–142

272. Cho YK, Kim DY, Jung SY, Seong JH (2015)
Synergistic effect of a rehabilitation program and
treadmill exercise on pain and dysfunction in
patientswithchronic lowbackpain. JPhysTherSci
27(4):1187–1190

273. Benjamin M (2009) The fascia of the limbs and
back: a review. KaibogakuZasshi214(1):1–18

274. Denslow JL, Korr IM, Krems AD (1947) Quanti-
tative studies of chronic facilitation in human
motorneuronpools. AmJPhysiol150(2):229–238

275. Field T, Diego M, Hernandez-Reif M (2010)
Moderatepressure isessential formassagetherapy
effects. Int JNeurosci120(5):381–385

276. Fryer G, Morris T, Gibbons P (2004) Paraspinal
muscles and intervertebral dysfunction: part one.
JManipulativePhysiolTher27(4):267–274

277. Fryer G, Morris T, Gibbons P (2004) Paraspinal
muscles and intervertebral dysfunction: part two.
JManipulativePhysiolTher27(5):348–357

278. FryerG,MorrisT,GibbonsP (2005)The relationship
between palpation of thoracic tissues and deep
paraspinalmuscle thickness. Int J OsteopathMed
8(1):22–28

279. Goldby LJ, Moore AP, Doust J, Trew ME (2006)
A randomized controlled trial investigating
the efficiency of musculoskeletal physiother-
apy on chronic low back disorder. Spine
31(10):1083–1093

280. Heath DM, Makin IR, Pedapati C, Kirsch J
(2014) Use of real-time physiologic parameter
assessment toaugmentosteopathicmanipulative
treatment training for first-year osteopathic
medical students. J Am Osteopath Assoc
114(12):918–929

281. Howell JN, Cabell KS, Chila AG, Eland DC (2006)
Stretch reflex and Hoffmann reflex responses to
osteopathic manipulative treatment in subjects
with Achilles tendinitis. J Am Osteopath Assoc
106(9):537–545

282. Javier CC, Ianire M, Carmen V, De La Fuente M
(2010) Circadian rhythm changes in several

S38 Manuelle Medizin · Suppl 1 · 2022

https://doi.org/10.1080/10669817.2019.1572986
https://doi.org/10.1080/10669817.2019.1572986
https://doi.org/10.1002/ejp.1026
https://doi.org/10.1002/ejp.1026
https://www.gkv-spitzenverband.de/service/zahlen_und_grafiken/zahlen_und_grafiken.jsp
https://www.gkv-spitzenverband.de/service/zahlen_und_grafiken/zahlen_und_grafiken.jsp
https://www.gkv-spitzenverband.de/service/zahlen_und_grafiken/zahlen_und_grafiken.jsp
https://doi.org/10.2519/jospt.2016.6319
https://doi.org/10.2519/jospt.2016.6319
https://doi.org/10.3238/oup.2020.0285-0292
https://doi.org/10.3238/oup.2020.0285-0292


neutrophil functions in response to a spinal osteo-
pathic manipulative treatment in young people.
J Neuroimmunol 228(1–2):180 (Conference: 10th
Course of the European School ofNeuroimmunol-
ogy, ISNI 2010. Barcelona Spain. Conference
Publication)

283. Jayson M (1994) Mechanisms underlying chronic
backpain. BMJ309:681–682

284. KimJ, LoggiaML, CahalanCM,Harris RE, Beissner F,
Garcia RG, Kim H, Wasan AD, Edwards RR,
Napadow V (2015) The somatosensory link in
fibromyalgia: functional connectivity of the
primary somatosensory cortex is altered by
sustained pain and is associated with clinical/
autonomic dysfunction. Arthritis Rheumatol
67(5):1395–1405

285. Korr IM (1979) The spinal cord as organizer of dis-
easeprocesses: theperipheral autonomicnervous
system. JAmOsteopathAssoc79(2):82–90

286. Korr IM (1984) Hyperactivity of sympathetic
innervation: a common factor in disease. In:
Greenman PE (ed) Concepts and mechanisms of
neuromuscular functions. Springer,Berlin,pp1–8

287. Kuchera ML (2016) Somatic dysfunction. In:
Hudson M, Ward A (eds) The oxford textbook of
musculoskeletal medicine, 2nd edn. University
Press,Oxford,pp92–110

288. Little P, Lewith G, Webley F, Evans M, Beattie A,
Middleton K et al (2008) Randomised controlled
trial of Alexander technique lessons, exercise, and
massage (ATEAM) for chronic and recurrent back
pain. BMJ337:a884

289. Little P, Stuart B, Stokes M, Nicholls C, Roberts L,
Preece S et al (2014) Alexander technique and
supervised physiotherapy exercises in back paiN
(ASPEN): a four-group randomised feasibility trial.
EfficacyandMechanismEvaluation1(2)

290. Masharawi Y, Nedaf N (2013) The effect of non-
weight bearing group-exercising on females with
nonspecific chronic low back pain: a randomize
single blind controlled pilot study. BMR
26(4):353–360

291. Matthieu G, Rafael Z-P, Edouard-Olivier R (2013)
Muscular ischemic compression vs cervical spine
manipulation techniques: effects onpressurepain
threshold in the trapeziusmuscle. Int J Osteopath
Med16(1):e21–e22

292. Miyamoto GC, Costa LOP, Galvanin T, Cabral CMN
(2013) Efficacy of the addition of modified Pilates
exercisestoaminimal interventioninpatientswith
chronic low back pain: a randomized controlled
trial. PhysTher93(3):310–320

293. Moseley GL (2002) Combined physiotherapy and
education is efficacious for chronic low back pain.
Aust JPhysiother48:297–302

294. Moseley GL (2004) Evidence for a direct rela-
tionship between cognitive and physical change
during an education intervention in people with
chronic lowbackpain. Eur JPain8:39–45

295. Moseley GL, Nicholas MK, Hodges PW (2004)
A randomised controlled trial of intensive
neurophysiologyeducation in chronic low back
pain. Clin JPain20:324–330

296. Myers TW (2013) Anatomy trains—myofascial
meridians for manual movement therapists,
3rdedn. Churchill Livingstone,Elsevier, Edinburgh

297. Oeltjenbruns J, Schäfer M (2008) Clinical sig-
nificance of the placebo effect. Anaethestist
57(5):447–463

298. Rasmussen-Barr E, Nilsson-Wikmar L, Arvidsson I
(2003) Stabilizing training comparedwithmanual
treatment in sub-acute andchronic low-backpain.
ManTher8(4):233–241

299. Qureshi Y, Kusienski A, Bemski JL, Luksch JR,
Knowles LG (2014) Effects of somatic dysfunction
on leg lengthandweightbearing. JAmOsteopath
Assoc114(8):620–630

300. Salamon E, Zhu W, Stefano G (2004) Nitric oxide
as a possible mechanism for understanding the
therapeutic effects of osteopathic manipulative
medicine. Int JMolMed14:443–449

301. Schleip R (2003) Fascial plasticity—a new neuro-
biological explaination, Part 1. J BodywMov Ther
7(1):11–19

302. Seifert F, Mailhöfner C (2009) Centralmechanisms
of experimental and chronic neuropathic pain:
findings from functional imaging studies. CellMol
LifeSci66:375–390

303. ShawKA,DoughertyJJ,TrefferKD,GlarosAG(2012)
Establishing the content validity of palpatory
examination for the assessment of the lumbar
spine using ultrasonography: a pilot study. J Am
Osteopath Assoc 112(12):775–782 (Erratum in J
AmOsteopathAssoc2013Jun;113(6):449)

304. Snider KT, Johnson JC, Degenhardt BF, Snider EJ
(2011) Low back pain, somatic dysfunction, and
segmental bonemineral density T-score variation
in the lumbar spine. J Am Osteopath Assoc
111(2):89–96

305. Snider KT, Johnson JC, Degenhardt BF, Snider EJ
(2014) Thepersistenceof lumbar somaticdysfunc-
tion and its associationwith bonemineral density.
JAmOsteopathAssoc114(1):8–20

306. Travell JG,SimmonsDG(1982)Myofascialpainand
dysfunction: the trigger point manual. Williams
WilkinsCo,Baltimore

307. VanDerWal J (2012) Proprioception. In: Schleip R,
Findley T, Chaitow L, Huijing P (eds) Fascia: the
tensional network of the human body. Churchill
Livingstone,Elsevier, Edinburgh,pp80–87

308. Wall PD,Woolf CJ (1984)Musclebutnot cutaneous
C-afferent input produces prolonged increases
in the excitability of the flexion reflex in the rat.
JPhysiol356:433–458

309. Coderre TJ, Katz J, Vaccarino AL, Melzack R
(1993) Contribution of central neuroplasticity
to pathological pain: review of clinical and
experimentalevidence. Pain52:259–285

310. Despopoulos A, Silbernagl S (1991) Color atlas of
physiology,4thedn. Thieme,Stuttgart

311. Irvin RE (1998) The origin and relief of common
pain. JBackMusculoskeletRehabil11(2):89–130

312. Rumney IC (1975) The relevance of somatic
dysfunction. JAmOsteopathAssoc74(8):723–725

313. Arendt-NielsenL,MenseS,Graven-NielsenT(2003)
Assessment of muscle pain and hyperalgesia.
Experimental and clinical findings. Schmerz
17:445–449

314. ChenQ, Basford J, AnKN (2008)Abilityofmagnetic
resonance elastography to assess taut bands. Clin
Biomech23:623–629

315. Chen Q, Bensamoun S, Basford JR et al (2007)
Identificationandquantificationofmyofascial taut
bands with magnetic resonance elastography.
ArchPhysMedRehabil88:1658–1661

316. GeHY,Fernandez-de-las-PenasC,Arendt-NielsenL
(2006) Sympathetic facilitation of hyperalgesia
evoked frommyofascial tender and trigger points
in patients with unilateral shoulder pain. Clin
Neurophysiol117:1545–1550

317. Hong CZ (1996) Pathophysiology of myofascial
triggerpoint. JFormosMedAssoc95:93–104

318. Kimura Y, Ge HY, Zhang Y et al (2009) Evaluation
ofsympatheticvasoconstrictorresponsefollowing
nociceptivestimulationoflatentmyofascialtrigger
points inhumans. ActaPhysiol196:411–417

319. Hsieh CY, Hong CZ, Adams AH et al (2000)
Interexaminer reliabilityof thepalpationof trigger
points in the trunk and lower limbmuscles. Arch
PhysMedRehabil81(3):258–264

320. MedlicottMS,Harris SR (2006)A systematic review
of the effectiveness of exercise, manual therapy,
electrotherapy, relaxation training, and biofeed-
back in the management of temporomandibular
disorder. PhysTher86:955–973

321. Panjabi MM (1992) The stabilizing system of the
spine. Part I. Function, dysfunction, adaptation,
and enhancement. J Spinal Disord 5(4):383–389
(discussion397)

322. Panjabi MM (1992) The stabilizing system of
the spine. Part II. Neutral zone and instability
hypothesis. J Spinal Disord 5(4):390–396
(discussion397)

323. Panjabi MM (2005) A hypothesis of chronic back
pain: ligament subfailure injuries lead to muscle
control dysfunction. Eur Spine J 15(5):668–676.
https://doi.org/10.1007/s00586-005-0925-3

324. Reitinger A, Radner H, Tilscher H, Hanna M,
WindischA, FeiglW (1996)Morphologic examina-
tionsof triggerpoints.ManMed34:256–262

325. SimonsDG (2008)Newviews ofmyofascial trigger
points: etiology and diagnosis. Arch Phys Med
Rehabil89:157–159

326. Simons DG, Hong CZ, Simons LS (2002) Endplate
potentials are common to midfiber myofacial
triggerpoints. AmJPhysMedRehabil81:212–222

327. Taguchi T, John V, Hoheisel U et al (2007) Neu-
roanatomical pathway of nociception originating
in a low back muscle (multifidus) in the rat.
Neurosci Lett427:22–27

328. Travell JG, Simons DG (1983) Myofascial pain
and dysfunction—the trigger point manual.
Lippincott Williams Wilkins, Baltimore, London,
LosAngeles, Sydney

329. Windisch A, Reitinger A, Traxler H et al (1999)
Morphology and histochemistry of myogelosis.
ClinAnat12:266–271

330. Berrueta L, Muskaj I, Olenich S, Butler T, Badger GJ
et al (2016) Stretching impacts inflammation
resolution in connective tissue. J Cell Physiol
231:1621–1627

331. BrüggmannD, TchartchianG,WallwienerM,Mün-
stedt K, TinnebergHRet al (2010) Intra-abdominal
adhesions. Definition, origin, significance in
surgical practice, and treatment options. Dtsch
Arztebl Int107(44):769–775

332. Chaudhry H, Bukiet B, Roman M, Stecco A,
Findley T (2013) Squeeze film lubrication for non-
Newtonian fluids with application to manual
medicine. Biorheology50(3–4):191–202

333. Krause F, Wilke J, Vogt L, Banzer W (2016)
Intermuscular force transmissionalongmyofascial
chains: asystematicreview. JAnat228(6):910–918.
https://doi.org/10.1111/joa.12464

334. Schleip R, Duerselen L, Vleeming A et al (2012)
Strain hardening of fascia: Static stretching of
dense fibrous connective tissues can induce
a temporary stiffness increase accompanied by
enhanced matrix hydration. J Bodyw Mov Ther
16:94–100. https://doi.org/10.1016/j.jbmt.2011.
09.003

335. Stecco C, Macchi V, Barbieri A et al (2018) Hand
fasciae innervation: the palmar aponeurosis. Clin
Anat 31:677–683. https://doi.org/10.1002/ca.
23076

336. TesarzJ,HoheiselU,WiedenhöferB,MenseS(2011)
Sensory innervation of the thoracolumbar fascia
in rats and humans. Neuroscience 194:302–308.
https://doi.org/10.1016/j.neuroscience.2011.07.
066

Manuelle Medizin · Suppl 1 · 2022 S39

https://doi.org/10.1007/s00586-005-0925-3
https://doi.org/10.1111/joa.12464
https://doi.org/10.1016/j.jbmt.2011.09.003
https://doi.org/10.1016/j.jbmt.2011.09.003
https://doi.org/10.1002/ca.23076
https://doi.org/10.1002/ca.23076
https://doi.org/10.1016/j.neuroscience.2011.07.066
https://doi.org/10.1016/j.neuroscience.2011.07.066


Übersichten

337. Wilke J, Krause F, Vogt L, Banzer W (2016)
What is evidence-based about myofascial chains:
a systematic review. Arch Phys Med Rehabil
97(3):454–461. https://doi.org/10.1016/j.apmr.
2015.07.023

338. Wilke J, Schleip R, Klingler W, Stecco C (2017)
The lumbodorsal fascia as a potential source of
low back pain: a narrative review. Biomed Res
Int 2017:5349620. https://doi.org/10.1155/2017/
5349620

339. Willard FH, VleemingA, SchuenkeMD,Danneels L,
Schleip R (2012) The thoracolumbar fascia:
anatomy, function and clinical considerations.
J Anat 221(6):507–536. https://doi.org/10.1111/j.
1469-7580.2012.01511.x

340. Jayalath JLR, de NoronhaM,WeerakkodyN, Bini R
(2018) Effects of fatigue on ankle biomechanics
during jumps: a systematic review. J Electromyogr
Kinesiol 42:81–91. https://doi.org/10.1016/j.
jelekin.2018.06.012

341. Mense S (2003) The pathogenesis of muscle pain.
CurrPainHeadacheRep7:419–425

342. Mense S (1993) Nociception from skeletalmuscle
in relationtoclinicalmusclepain. Pain54:241–289

343. Mense S (1993) Neurobiological mechanisms of
musclepain referral. Schmerz7:241–249

344. Mense S (1999) Neurobiological basis of muscle
pain. Schmerz13:3–17

345. Skootsky SA, Jaeger B, Oye RK (1989) Prevalence
of myofascial pain in general internal medicine
practice.West JMed151:157

346. ArtusMet al (2017) Generic prognostic factors for
musculoskeletal pain inprimary care: a systematic
review. BMJOpen7:e12901

347. Barassi G et al (2018) Effects of manual somatic
stimulationon theautonomicnervous systemand
posture. Adv Exp Med Biol 1070:97–109. https://
doi.org/10.1007/5584_2018_153

348. Beltran-Alacreu H, Jiménez-Sanz L, Carnero JF,
La Touche R (2015) Comparison of hypoalgesic
effects of neural stretching vs neural gliding:
a randomized controlled trial. J Manipulative
PhysiolTher38:644–652. https://doi.org/10.1016/
j.jmpt.2015.09.002

349. Bove GM, Chapelle SL, Hanlon KE, Diamond MP,
Mokler DJ (2017) Attenuation of postoperative
adhesions using amodeledmanual therapy. Plos
One 12(6):e178407. https://doi.org/10.1371/
journal.pone.0178407

350. Lederman E (2005) The science and practice of
manual therapy. Elsevier

351. Gerwin R, Shannon S (2000) Interexaminer
reliability andmyofascial trigger points. Arch Phys
MedRehabil81:1257–1258

352. Myburgh C, Larsen AH, Hartvigsen J (2008)
A systematic, critical review of manual palpation
for identifyingmyofascial trigger points: evidence
and clinical significance. Arch Phys Med Rehabil
89:1169–1176

353. Apeldoorn AT et al (2008) The reliability of non
organic sign testing and the Waddell score in
patients with chronic low back pain 2. Spine
33:821–826

354. Hodges PW (2003) Core stability exercise in
chronic low back pain. Orthop Clin North Am
34(2):245–254

355. Tawa N et al (2017) Accuracy of clinical neuro-
logical examination in diagnosing lumbo-sacral
radiculopathy: a systematic literature review. BMC
MusculoskeletDisord18(1):93–23

356. vanderWindtDAetal (2010)Physicalexamination
for lumbar radiculopathy due to disc herniation in
patients with low-back pain; a systematic review.

Cochrane Database Syst Rev. https://doi.org/10.
1002/14651858.CD007431.pub2

357. Gutke A et al (2010) The inter-rater of reliability
of a standard classification system for pregnancy-
relatedpelvicgirdlepain.ManTher15:13–18

358. Mens JMA, Vleeming A, Snijders CJ, Koes BW,
StamHJ (2001) Validity and reliability of the active
straight leg raise test in posterior pelvic pain since
pregnancy. Spine26:1167–1171

S40 Manuelle Medizin · Suppl 1 · 2022

https://doi.org/10.1016/j.apmr.2015.07.023
https://doi.org/10.1016/j.apmr.2015.07.023
https://doi.org/10.1155/2017/5349620
https://doi.org/10.1155/2017/5349620
https://doi.org/10.1111/j.1469-7580.2012.01511.x
https://doi.org/10.1111/j.1469-7580.2012.01511.x
https://doi.org/10.1016/j.jelekin.2018.06.012
https://doi.org/10.1016/j.jelekin.2018.06.012
https://doi.org/10.1007/5584_2018_153
https://doi.org/10.1007/5584_2018_153
https://doi.org/10.1016/j.jmpt.2015.09.002
https://doi.org/10.1016/j.jmpt.2015.09.002
https://doi.org/10.1371/journal.pone.0178407
https://doi.org/10.1371/journal.pone.0178407
https://doi.org/10.1002/14651858.CD007431.pub2
https://doi.org/10.1002/14651858.CD007431.pub2

	ESSOMM European core curriculum and principles of manual medicine
	Contents
	Part I: Curriculum of manual medicine
	Introduction
	Subject of manual medicine
	Prerequisites for learning and practicing manual medicine
	Manual medicine and its relationship to osteopathy and chiropractic
	Principle structure of the professional postgraduate apprenticeship in manual medicine

	Implementation of the courses
	Structure of the courses
	Content of the courses
	Basic course
	Advanced course

	Main focus of the courses
	Basic knowledge
	Anatomy objectives
	Physiology objectives
	Biomechanics objectives
	Pain objectives
	Diagnostic examination
	Treatment modalities
	Clinical pictures

	Certification

	Part II: Principles of manual medicine
	Neurophysiological background of dysfunction
	Introduction
	The role of nociafferents
	Sympathetic system activation
	Convergence
	Peripheral sensitisation
	Central sensitisation
	Inhibitory system
	Conclusion
	Summary

	Principles of mobilising treatments of the spine
	General considerations
	Principles of manual diagnostics
	Principles of manual therapy
	Cervical spine
	Thoracic spine
	Rib dysfunction
	Lumbar spine
	Sacroiliac joint (SIJ) and pelvic girdle

	Principles of mobilising treatments of peripheral joints
	General considerations
	Upper limb
	Lower limb

	The nature of segmental dysfunction
	Introduction
	Physiological changes
	Diagnostic applications
	Therapeutic applications
	Discussion
	Conclusion

	The significance of muscle tissue and fascia in manual medicine
	Basics
	Joints and discs
	Muscles
	Fasciae
	Chronic pain
	Effects of manual therapy
	Examination
	Cervical spine
	Lumbar spine
	Pelvis
	Extremities

	Evidence in manual medicine
	General considerations
	Conclusion

	Safety in manual medicine
	Risks of cervical spine high-velocity thrust therapy
	Risks of lumbar spine manipulation therapy
	Risks of thoracic spine and rib manipulation therapy
	Risks of manipulation therapy of the pelvic ring (sacroiliac joints)

	Glossary

	References


