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Introduction: Osteopathy uses manipulative techniques to support physiological function and adaptation.
These conditions are modified by the presence of Somatic Dysfunction (SD), an altered function of the
components of the body's framework system. Despite SD's widespread use in clinical practice and ed-
ucation, research has previously shown poor results in terms of reliability and validity.
In this theoretical article, the authors’ proposal is to argue for a new clinical perspective for SD, which
suggests a different palpatory assessment of its clinical signs: the “Variability Model”.
Methods: A double simultaneous literature search was performed between January and March 2019 in
Medline's electronic database. The first one critically analysed the clinical signs most used to detect SD.
The second one informed authors' hypothesis related to movement variability assessment in the Neutral
Zone (NZ).
Discussion: The Variability Model explains how the assessment of the range of motion in the NZ is
essential to detect SD, its motion asymmetry and its relative restriction.
The Variability Model explains SD semeiotics which could be related to “body adaptability”, thus having
implications with the concept of health. Finally, this paradigm aims to establish new developments in
research, especially regarding SD reliability and clinical relevance.
Conclusions: Movement variability allows to interpret SD clinical signs as an attempt by the body to
maintain a healthy condition. This paradigm should be included in the future context of osteopathy
which could better explain SD's pathophysiological mechanism, without ignoring the accuracy of its
physical examination.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

altered function of related components of the body framework sys-
tem: skeletal, arthrodial, and myofascial structures, and their related

An increasing number of people with neuro-musculoskeletal
disorders refer to manual and manipulative therapies such as
osteopathy, chiropractic therapy, and physiotherapy for their care
(AOA, 2018; WEFC, 2019; IFOMPT, 2019). All these professions share
the use of hands as a diagnostic and therapeutic tool.

Osteopathy emphasises the functional integrity of the body using
various manipulative techniques to improve physiological function
and support homeostasis altered by the so-called Somatic Dysfunc-
tion (SD) (WHO, 2010; ICD, 2018). SD is defined as an ‘impaired or
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vascular, lymphatic, and neural elements.’ (AACOM, 2017).

Several authors have tried to explain SD pathophysiology; Korr
et al. (1947, 1962, 1975) and Denslow et al. (1941, 1947) suggested
that myofascial disorders can produce abnormal afferents to the
spinal cord, ‘facilitating’ interneural thresholds and producing
exaggerated sensory, motor, and sympathetic responses. Van
Buskirk (1990) attributed a key role to nociception, thus produc-
ing abnormal output and related tissue changes. Fryer (1999, 2016)
explained how strains and articular degenerative changes could
lead to nociceptor activation, producing vasodilation and neuro-
genic inflammation. Recently, alterations in the gliding-sliding
properties of tissues have been recognised as a key element in
SD, as they can cause thickening and densification of the fascial
system, resulting in an alteration of their function (Chaitow, 2014).
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SD is claimed to be detected by osteopaths using four charac-
teristic clinical signs: tissue Texture abnormalities, positional
Asymmetry, Restricted range of motion and Tenderness which are
summarised by the acronym TART (Kappler et al., 1997). These
clinical signs are driven by tissue, neuronal, vascular factors, sub-
sequent traumatic tissue changes, nociceptive and interoceptive
functions, and other aspects such as sensitisation and inflammation
(Fryer, 2016).

Although many different paradigms have been hypothesised to
describe the complexity of this mechanism, TART remains the most
used for SD diagnosis (Channell, 2016; Snider et al., 2016).

Since now, SD is still a basic concept in osteopathic practice.
Despite its crucial role, its clinical relevance is questionable due to
its unclear pathophysiology and poor reliability (Fryer, 2016).
Furthermore, the relationship between the state of health and its
presence/absence is still not demonstrated (Moran, 2016).

Several studies have investigated SD assessment reliability; a
recent systematic review (Basile et al., 2017) explained how the
reliability levels of osteopathic tests were heterogeneous, with K
values being far from clinical significance. The authors concluded
that new assessment strategies could improve palpation test
reliability.

In this theoretical article, the authors' proposal is to argue a
different palpatory assessment to identify SD. The new paradigm,
defined as “Variability Model”, is based on recent evidence and the
authors’ clinical expertise.

2. Methods

An expert working group, with at least 10,000 hours of profes-
sional practice in the fields of education, scientific research and
clinical practice in osteopathy, developed the theoretical frame-
work for understanding the research question. It came from a
brainstorm based on clinical observation and using the best avail-
able evidence.

The Variability Model construction was based on assumption
that inter-rater reliability may improve examining the initial
resistance-free movement because it can enhance tactile percep-
tion (Petty et al., 2002; Nyberg and Smith, 2013). Also, the move-
ment variability can have a functional role in helping individuals
adapt to ever-changing constraints imposed on them by environ-
mental, anatomical, physiological and pathological changes (Davids
et al., 2003; Stergiou et al., 2006).

In order to highlight current evidence related to SD assessment
and to analyse some possible critical aspects, and to speculate the
Variability Model the authors carried out a review of the literature.

A double simultaneous literature search was performed between
January and March 2019 in Medline's electronic database. The first
one critically analysed the TART clinical signs including the following
search terms in order to identify relevant studies in the database from

” o«

the past 20 years: “somatic dysfunction”, “osteopathy”, “diagnosis”,

” o« ” o« ” o«

“evaluation”, “assessment”, “physical examination”, “tissue texture”,

” o« » o« » o«

“abnormal”, “abnormality”, “motion”, “range of motion”, “restric-
tion”, “position”, “landmark”, “asymmetry”, “tenderness”, “pain”,
“painful”, “sensitivity”, “sensitisation”, “palpation”, “reliability”,
“reproducibility”, “validity”. To be included in this paper's section,
studies had to meet the following inclusion criteria: investigation into
palpatory evaluation resulting from any form of manual and manip-
ulative therapies, with special attention to osteopathy and written in
the English language only. Studies were excluded if they were not
relevant to palpation in the physical examination or not related to
functional and motion evaluation. The authors followed the selection
process independently; validity and quality assessment were not
performed in order to not impose any form of restriction to the review.
The study selection process comprised two phases. During the first

phase, the authors reviewed the abstracts of the studies. Those that
failed to meet the eligibility criteria on the basis of the content of their
abstracts were excluded during this stage. During the second phase of
the selection process, the eligibility criteria were applied to the full-
text versions of the studies using the same screening method used
for the abstracts.

The second literature search aimed to analyse authors’ new
hypothesis related to Neutral Zone palpation including the

” o« ” o«

following search terms: “neutral zone”, “neutral position”, “rest

" o« ” o« » o«

position”, “elastic zone”, “range of motion”, “end-feel”, “stiffness”,
“pain free”, “palpation”, “manual examination”, “manual assess-
ment”, “physical examination”. Articles eligibility and selection

process were the same for the critical analysis of TART clinical signs.
3. TART critical analysis
3.1. Texture

Osteopathic practitioners consider Tissue Texture (TT) abnor-
malities as a diagnostic indicator of SD (Greenman, 1996; Kuchera
et al,, 1997) even if the nature of this variation remains unclear
and largely theoretical (Fryer et al 2004a, 2004b).

TT alterations could be the expression of a musculoskeletal
disorder, such as increased Electromyographic (EMG) activity of
paraspinal muscles detected as ‘abnormal’ by palpation, in Low
Back Pain (LBP); however, it is unclear if this abnormal EMG activity
is a cause, a consequence, or even an adaptation to the patho-
physiological process (Fryer et al 2004a, 2004b). Recently, para-
spinal EMG activity and palpation were investigated (Fryer et al.,
2010) and no association was found, suggesting that TT variation
is probably mediated by other aspects (e.g., inflammatory processes
or fluid congestion). In addition, there is a lack of evidence con-
cerning the connection between altered TT and its clinical rele-
vance (e.g., palpation of myofascial trigger points in non-specific
LBP) (Njoo and Van der Does, 1994). Finally, other studies (Fryer
et al., 2005a) showed no relation between abnormal TT palpation
and the corresponding size of the examined tissues where ultra-
sound proved that spinal muscles classified through palpation as
‘different’ were, de facto, of similar dimension.

Therefore reliability and validity of TT palpation is poor and does
not explain the complexity of this clinical sign.

3.2. Asymmetry and restriction of motion

Asymmetry and restriction of motion are defined as ‘quantita-
tive and qualitative alterations of motion range’, ‘range of motion
changes’, or ‘range of motion abnormality’ (DiGiovanna et al., 2005;
Gibbons and Tehan, 2008; Parsons and Marcer, 2008).

Asymmetry in SD has been studied in relation to skeletal posi-
tion and movement in different body areas, with a specific focus on
differences between the two sides (Cibulka et al., 1998; Spring et al.,
2001; Degenhardt et al., 2005, 2010; Fryer et al., 2005b; Fryer, 2006;
Holmgren and Waling, 2007; Kmita and Lucas, 2008; Rajendran
and Gallagher, 2011; Bengaard and Bogue, 2012; Sutton et al., 2013).

However, asymmetries in the human body are possible (Badii
et al.,, 2003; Krawiec et al., 2003; Boulay et al., 2006; Auerbach
and Ruff, 2006; Preece et al., 2008; Brink et al., 2017) for many
reasons related to genetic (Auerbach and Raxter, 2008), physical
development (Kanchan et al., 2007), traumatic (Thevenot et al.,
2010), or biomechanical (Hart et al., 2016) causes. In the majority
of cases, there is no specific dysfunctional or pathological meaning
(Seminati et al., 2013). In addition, skeletal asymmetry can lead to
asymmetries in mobility and influence related clinical measure-
ments (Al-Eisa et al., 2006a, 2006b).

Concerning motion restriction, there is no significant evidence
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regarding its reproducibility during the assessment. Degenhardt
et al., (2005) highlighted that reliability levels of spinal mobility
tests are not clinically acceptable, even if consensus training could
improve it.

Other authors (Seffinger et al.,, 2004) reviewed the literature
finding no satisfying inter-rater reproducibility, especially in land-
mark palpation and in motion testing. Similarly, Stochkendahl et al.
(2006) pointed out that static and dynamic palpation of the spine is
not reliable, sometimes contradictory.

3.3. Tenderness

Palpable signs of SD can be detected in both symptomatic and
asymptomatic subjects (Fryer et al., 2004c). Some theories assume
that the presence of SD in asymptomatic individuals could generate
biomechanical and neurological sequences leading to pain, or other
symptoms referred by the patients (Korr, 1954; Patterson and
Wourster, 2011).

Several authors rejected the inclusion of ‘tenderness’ as a spe-
cific sign for SD diagnosis; others have preferred to convert it to the
term ‘Sensitivity’ (AACOM, 2017).

As a consequence of the development of pain-related sciences,
the innovative concept of Central Sensitisation (CS) has probably
integrated and partially replaced the hypothesis of authors such as
Korr, Denslow, and Van Buskirk (D'Alessandro et al., 2016).

Sensitisation develops as a result of nociceptive inputs, which
generate a prolonged increase in excitability and synaptic trans-
mission of the neurons of the major central pathways (Woolf, 2011).
This process involves functional and neuroplastic re-adaptations in
several centres of the Central Nervous System (CNS), thus pro-
ducing a prolonged activation of the pain transmission pathways
(Latremoliere and Woolf, 2009).

The clinical features of the CS phenomenon are hyperalgesia (a
normally painful stimulus which produces an exaggerated
response) and allodynia (a normally non-painful stimulus which
produces pain) (Nijs et al., 2010).

The exaggerated response to a stimulus could trigger neuro-
genic inflammation, thus triggering tissue disorders, resulting in
pain originating from the CNS. Therefore, CS would clinically
explain the concept of ‘tenderness’, even when a primary tissue
lesion may no longer exist.

Neutral Position

|

Physiologic barrier

Para-physiologic space

<—— Anatomical barrier

Active ROM

Passive ROM

Fig. 1. Evans and Breen (2006), use with permission. ROM (active, passive, total) and
its barriers (physiological, anatomical). NP: the position in which the overall osteo-
ligamentous stresses and the muscular efforts to hold the posture are minimal. End-
Feel: quality of motion when stressed against the paraphysiological space.

Different studies distinguish CS from Peripheral Sensitisation
(PS); in 2009 Sandkuhler described PS as an increased response
followed by a reduction of the activation threshold of nociceptors
(Sandkuhler, 2009). In fact, PS is characterised by the release of
inflammation mediators such as prostaglandins, bradykinins, nerve
growth factors, and substance P.

These functional changes can also explain some of the clinical
findings attributed to SD, specifically, neurogenic inflammation
which can be a key factor in generating TT alterations (Fryer, 2016).

Considering all these controversial topics, there is an absolute
need for a new evidence-based model to better explain and
possibly prove the existence of SD, its peculiar pathophysiology and
related manifestations. This model should show relevant results in
terms of diagnostic reliability and validity.

Finally, a new paradigm could be useful to clarify the clinical
utility of SD, communication between practitioners, and training
for students.

Therefore, starting from daily clinical practice and building a
theory based on evidence from the literature, the purpose of this
paper is to highlight a different aspect that could lead osteopaths
during their functional assessment, i.e., the “movement variability”
property of tissues.

Thus, a better understanding of SD complexity and its conse-
quent clinical manifestation might be possible.

4. Different clinical signs of Somatic Dysfunction

Even if quantitative and qualitative analysis of movement, ob-
tained by evaluating the Range Of Motion (ROM) and its “End-Feel”,
can be elements in motor function evaluation (Haneline, 2008),
they are not sufficient to assess SD during distinctive physical ex-
amination in osteopathy. Probably a different motion analysis is
required to detect variations of somatic function in its complexity,
represented also by vascular and neural aspects (AACOM, 2017).

SD is characterised by positional asymmetry, that is the position
of a body part referenced to its defined adjacent parts, and motion
alterations described by the directions in which motion is freer and
restricted (AACOM, 2017). Osteopaths describe SD using palpation
of the bones to detect the relative position of a body part and the

DEFORMATION

ELASTIC ZONE

(E2)
RANGE OF MOTION
________ . (ROM)
NEUTRAL ZONE
(Nz)

| 5

LOAD

Fig. 2. Panjabi (1992), use with permission. The load-displacement curve of soft tissue
or body joint is extremely non-linear. The joint is highly flexible for low loads and
stiffens for increased loads: NZ, part of the ROM measured from the NP with minimum
internal resistance; Elastic Zone (EZ), part of the ROM measured from the end of the NZ
up to the physiological limit with significant internal resistance.
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Fig. 3. Panjabi (2003), use with permission. Load-displacement curve: (A) a vertebral
segment subjected to flexion and extension loads has a non-linear load-displacement
curve, indicating a changing relationship between the applied load and the displace-
ments produced; (B) a ball in a bowl is a graphic analogue of the load-displacement
curve.

freer and limited joint movement. For example, a ‘superior pubic
shear’ SD means a pelvic SD in which one pubic bone is displaced
superiorly as compared to the normal contralateral pubic bone and
its motion is restricted in the inferior direction and freer in the
superior direction (AACOM, 2017).

The just mentioned description agrees with the International
Classification of Diseases, classifying SD as a biomechanical lesion
and considering different skeletal regions such as head, cervical,
thoracic, lumbar, sacral, pelvic, lower/upper extremities, rib cage,
and abdomen as an exception (ICD, 2018).

However, this definition does not explain exactly in which part
of the ROM the osteopaths should assess motion. Nevertheless, as
already discussed, asymmetries in the human body are common.

For the authors, the assessment of the range around the Neutral
Position (NP) or Rest Position is essential to detect SD, its dis-
tinguishing asymmetry, and restriction of motion (see Fig. 1).

ROM

&

NP

In the NP, stresses and strains of the passive (osteo-ligamentous)
and active (muscle tendon) subsystems, and consequently the
neurological activities for sensorimotor control, are at a minimum
to stabilise the posture and motor function (Kumar and Panjabi,
1995).

Panjabi also identifies an area within the physiological motion
range, called the Neutral Zone (NZ), in which movement is pro-
duced with minimum internal resistance. This area is characterised
by high flexibility and is of utmost importance for joint stability
(see Fig. 2).

NP thus expresses a “position” while NZ the possibility of
movement with minimum resistance around that position.

Panjabi, by analogy, represents the loading-displacement curve
using a bowl, obtained by overturning this curve around the
displacement axis: a ball moves easily in the NZ while requiring
greater effort in the distal zones of the ROM (see Fig. 3).

The Panjabi's model can be used to explain the clinical signs of
SD concerning asymmetry and restriction of motion. In presence of
normal somatic function, the ball is able to move in the NZ,
“changing” its position with a minimal reaction of the stabilising
subsystems: articular, muscular, and neurological. Thus, movement
variability within the NZ expresses a normal somatic function. In an
altered somatic function, the ball can move in one direction, but it
requires a greater effort to move in the opposite one; it loses
movement variability, with an asymmetry of motion within NZ. In
this case, the resistance offered by passive structures is not mini-
mal, and a neuro-muscular activity is required to maintain the
position (see Fig. 4).

Recent results published by Dugailly et al. (2017) confirm the
Variability Model proposed (see Fig. 5). The authors analysed
stiffness during rotation of the upper cervical spine in patients with
tension-type headache or migraine. The most significant difference,
considering symptomatic and healthy subjects, was asymmetry in

NORMAL SOMATIC FUNCTION

9 The movement of the tissue in the NZ is

expressed with a subjective variability; however,

equal in the three dimensions: the ball can move
easily in the NZ.

Resistance present in the NZ in a specific
direction is minimal and equal: there are no
asymmetries of movement and restriction in one
direction compared to the contralateral.

SOMATIC DYSFUNCTION

Movement of tissue in the NZ is manifested with
asymmetric and reduced variability: there may
be preferential directions*. The ball moves
mostly in one direction inside the bowl; the
latter has an asymmetrical shape considering the
different EZs.

NZ’s resistance in the opposite directions are
different: there are asymmetries of movement
and restriction in one direction compared to the
contralateral.

The NP can also be influenced and changed
compared to the normal function: the ball
assumes an asymmetric position in the bowl. The
ROM may be conditioned by the dysfunctional
different EZs and NZ, for example, it may shrink
from the normal functional condition.

Fig. 4. NZ in the normal somatic function and in the SD. Normal somatic function: the ball is able to move easily in the NZ expressing movement variability. SD: the ball moves
especially in one direction with an effort in the opposite one losing movement variability. *Preferential direction in SD is a phenomenon studied by Standley in his in vitro studies of
human fibroblast cultures. For example, he suggests the existence of optimal strain patterns to treat different SDs (Zein-Hammoud and Standley, 2015).
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Fig. 5. Dugailly et al. (2017), use with permission. Graphic representation of the torque
in relation to the range of motion in NZ and EZ during passive rotation of the upper
cervical spine. The arrows indicate the direction of movement. The rotation has a
nonlinear curve, an expression of a non-direct proportional relationship between the
induced movement, and the load that is generated. The figure highlights how move-
ment reaches the limits of the EZ, where the load peak is generated, in both directions.
On the contrary, the forces developed are minimal within the range of NZ.

the NZ between the right and left vertebral rotation in the clinical
group. Hence, the movement variability expressed around NP. This
study highlights the clinical relevance of an altered variability of
motion in NZ. It should be considered that these patients may have
neck pain (Ashina et al., 2015) and how this is related to the
abnormal rigidity of the spine (Ingram, 2015).

Subsequently, Dugailly et al. (2018) investigated cervical spine
stiffness in the left-right axial rotation among neck pain patients
and asymptomatic subjects analysing the impact of Osteopathic
Manipulative Treatment (OMT). Neck pain patients showed
different stiffness characteristics compared to asymptomatic sub-
jects, resulting in lower NZ values. After OMT, NZ and ROM were
increased for the neck pain group only: patients showed signifi-
cantly less neck pain immediately after treatment, suggesting a
better tolerance to passive motion at the end of the range, and
consequently leading to an increase of axial rotation. Finally, the NZ
asymmetry reduction after treatment was mainly observed in the
clinical group after intervention.

Jain et al. (2016) evaluated the ankle joint stiffness and NZ in
inversion and eversion directions in subjects with chronic ankle
instability on the involved and uninvolved limb. They were
measured at baseline and after a four-week balance training
intervention using a dynamometer. Although the results were not
significant, ankles with instability showed more asymmetrical NZ
ranges than uninvolved ankles at baseline. Moreover, the inter-
vention group evidenced larger changes of NZs in inversion and
eversion, with a relative reduction, compared to the control group
at post-intervention.

In addition, Johnston et al. (1995) interpreted motor function
considering afferences from a specific somatic region. In the NP of
normal somatic function, afferences are minimal. On the contrary,
in a dysfunctional area, alteration of the sensory afferent inputs
influences motor control, vascular motility, and visceral functions
through abnormal Autonomic Nervous System responses.

As shown in Fig. 6 - Graph 1, a normally functioning somatic
segment expresses a baseline neurological afferent activity in NZ.

Conversely, in Fig. 6 - Graph 2, a dysfunctional somatic segment
in its altered NP is already active and tension is not minimal.

Some recent studies can support these theories. Tecco et al.
(2007), using Surface Electromyography (SsEMG), analysed the

Graph 1 Normal Mobile Segment
: e
A.E.
'. o .
. .
. N .
g P.E.}’
\ o
. .
s ,‘lncf.ulna
. .- Tresistance
Nad compliance L
S .- - - =
L. - R.
Range
Graph 2 Dysfunctional Mobile Segment
L. R.

Fig. 6. Johnston (1995), use with permission. Schematic (unidirectional) representa-
tion of tensile responses to passive palpatory tissue testing by applying forces in
opposite directions: Graph 1) a normally functioning somatic segment; Graph 2) a
dysfunctional somatic segment, its altered NP is already active and tension is not
minimal. PE. = Physiological Barrier; A.E. = Anatomical Barrier; R. = Right; L. = Left.

activity of different muscle groups in subjects with different mal-
occlusions. Then, in a subsequent study (Tecco et al., 2010), SEMG
was observed in patients with different cross-bites; authors
showed that monolateral posterior cross-bites altered activity of
the anterior temporal muscle in NP; hyperactivity was found on the
side of the dislocated jaw, comparing it to the contralateral side and
to normal occlusion. Malocclusion produces an accentuated activity
of the anterior temporal muscle bilaterally, or monolaterally,
compared to that expressed in the normal occlusion, which is
minimal on both sides (see Fig. 7).

These data could be interpreted in support of Johnston's the-
ories where SD causes an alteration of motor control (affer-
ences—efferences) with relative tensive forces (e.g., altered muscle
activity) in NP. Collins et al. (2017) support the theory furthermore,
with their research in which they recorded a variation in neuro-
logical activity as a result of changes in the degrees of tension.

Movement variability of the tissue within the NZ clarifies the SD
clinical signs about positional asymmetry and restriction of ROM.
Therefore, the authors propose an osteopathic physical examina-
tion where SD diagnosis is characterised by different clinical signs:
tissue Texture abnormalities, NZ tissue movement variability, and
Tenderness intended as all sensitisation phenomena.

Since Panjabi hypothesises a relationship between NZ and
vertebral pathology (discal degeneration, skeletal lesions, and pain)
(Panjabi 1992, 2003), and Latimer et al., (1996) demonstrated that
the NZ portion was significantly different when measured before
and following the resolution of pain, it is the opinion of the authors
to suppose a correlation among NZ and somatic function, with its
relative dysfunction.

5. How to palpate somatic dysfunction?

SD is not only determined by disorders of the musculoskeletal
system, but also by the functional alterations of other related
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Fig. 7. Tecco et al. (2010), use with permission. Surface electromyographic activity of the muscles in mandibular NP in patients with different cross-bites.

systems: nervous and vascular. The close relationship between
these elements, mediated by the fascial, nervous, and humoral
systems, allows to identify a central element for somatic function
during motion (Stecco, 2015). Osteopathic physical examination
should detect all of the abovementioned characteristics at the same
time. Considering the complexity of the human body, determinants
of SD may be several (tissue, neural, and vascular) or one may
prevail over the other.

In osteopathy, movement is mainly used to make a diagnosis
(AACOM, 2017). During palpation, bone can be used to get infor-
mation about the body position and mobility, so that it can be
considered the most important “surrogate variable” to assess so-
matic functional changes. A surrogate variable, or biomarker, is the
measurement of the effect of a specific biological state that may be
related to a real clinical endpoint (Aronson, 2005). Therefore NP
and the motion's variability in the NZ of the bones and conse-
quently deep fascia and its musculoskeletal connections (Stecco,
2015) can represent SD.

During palpation of normal somatic function, movements of the
tissues mediated by bones should show minimal or no resistance in
NZ, i.e., they give a sensation of “Ease” (Chaitow, 2010; Nyberg and
Smith, 2013) in all directions of each plane, expressing movement

N

variability required for normal adaptive processes. In EZs, move-
ments express a progressive increase in resistance with a percep-
tion of “Bind” (Petty et al., 2002; Chaitow, 2010; Nyberg and Smith,
2013).

Conversely, in SD, NZ is asymmetrical; during a movement,
palpation detects an “Ease” sensation for a lower range in one di-
rection accompanied by an increasing “Bind” in EZ in the same
direction with less displacement compared to the opposite direc-
tion, confirming asymmetry and restriction of movement vari-
ability. Therefore, a dysfunctional somatic region expresses
movement mostly in a direction, which is called “Permitted
Motion”.

This alteration creates the typical sensation of SD asymmetry
and movement restriction, which helps osteopaths to take correct
manipulative therapeutic choices, direct, indirect, or exaggeration
techniques (AACOM, 2017; Parravicini and Bergna, 2017) (see
Fig. 8).

Tissue characteristics are less influenced during evaluation if a
gentle force is applied. Therefore, the assessment can be more
specific and reliable, enhancing tactile perception as it may also
allow for greater sensory discrimination of NZ. Indeed, a light force,
used for quality of motion and its initial resistance-free movement

Load

EXAGGERATION METHOD

EASE

INDIRECT METHOD
i DIRECT METHOD

TREATMENT

pa

>4
7.

:EASE

PERMITTED MOTION

N

BIND

EXAMINATION

BIND

L.

Range

Fig. 8. Unidirectional schematic representation of dysfunctional tissue tensional response during a passive palpatory test. Palpation of Ease and Bind in NZ and EZs during ex-
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is more accurate than greater force, used for a quantity of motion
and ROM palpation (Petty et al., 2002; Nyberg and Smith, 2013).
SD severity can be classified using the following scale:

- Grade 0 (Absent SD), movement variability in NZ present;

- Grade 1 (Mild SD), altered movement variability in NZ;

- Grade 2 (Moderate SD), altered movement variability in NZ + TT
abnormalities or Tenderness;

- Grade 3 (Severe SD), altered movement variability in NZ + TT
abnormalities + Tenderness.

SD is not only a musculoskeletal stiffness (AACOM, 2017) so it's
not necessarily expressed by a ROM impairment (Sleszynski et al.,
1999). However, it's common that quality influences the quantity
of movement (Latash, 1993); thus, SD may present both articular
and muscular stiffness that can be detected during a general motion
test (Silva et al., 2018).

Particular attention should be given to flexibility, hypermobility,
joint laxity, and joint instability. They are less frequent dysfunc-
tional conditions related to congenital or acquired, ligament laxity
with possible neuro-motor deficiency (Alter, 2004). There is a sig-
nificant decrease in the stabilising system's ability to keep NZ
within limits that are considered physiological (Panjabi, 1992).
Palpation is characterised by excessive movement, both in
increased NZ and ROM, with a flexible End-Feel (Hicks et al., 2003;
Panjabi, 2003; Nyberg and Smith, 2013). In these cases movement
variability within NZ variability can maintain asymmetrical char-
acteristics and, moreover, its limits are no longer physiological
(Panjabi, 2003).

6. Discussion

Considering movement variability as a potential diagnostic
model, it is important to explain that the four TART clinical signs
should be reinterpreted. For the authors, asymmetry and restriction
parameters are to be intended only within the NZ; they are
fundamental in the SD pathophysiological processes. Regarding
this, it is hypothesised that an “in-range” examination (as the
Variability Paradigm requires) does not produce tissue deforma-
tion, which is an aspect that can potentially increase diagnostic
reliability.

Although tissue palpation continues to be performed during the
osteopathic examination, the texture should not be thought of as
the main parameter, considering its low levels of accuracy and
reliability.

Moreover, tenderness is frequently present in SD clinical
manifestation even if, as the authors stressed before, it requires a
re-examination in view of the sensitisation phenomena.

All these clinical signs are interdependent and could appear in
different combinations.

In the opinion of the authors, this Variability Paradigm could be
related to the wider concept of “adaptation”, thus having implica-
tions in the primary meaning of health.

In this view, clinicians should consider their patients as a
complex adaptive system where they are able to find new adapta-
tions to achieve health (Thygeson et al., 2010).

Thus, adaptation is clinically associated with the concept of
resilience, defined as the ability of a system to adapt to a change
(McEwen, 2016) and the biopsychosocial model confirms this
theory (Chandra and Leong, 2016).

The patients can be helped to build their adaptive capabilities in
general, so that they are globally more adaptive, resilient and
maximally autonomous producers of their health (Thygeson et al.,
2010; McEwen, 2016).

To do that, clinicians should be able to give to the body of the

patient various possibilities of choice or available options, i.e., more
variability (Goldberger et al., 1990). In Blandford's words, ‘a wide
choice of movement strategies should be available for use for a
single movement task’ (McNeill and Blandford, 2015).

Yang and Tsai (2013) suggested that some pathologies derive
from an absence of variability or complexity; nevertheless, an
excess of variability (or a random variability) would lead to the
pathological functioning of a system.

The therapeutic aim is to search for optimal variability of the
body, maximising adaptive benefits and reducing expenditure
(Schuldberg, 2015).

Health could be intended as ‘being optimally variable’, within
the borders of variability (Bornas and de la Torre-Loque, 2016).

In the presence of the clinical signs of SD, the Variability Para-
digm allows to interpret them as the attempt of the body system to
maintain or restore a health condition.

Although the topics discussed in this manuscript are elaborated
starting from evidence of the literature, the authors are aware of
the limits of their proposal.

Primarily, the authors strongly support the idea that Variability
Paradigm could be better than TART clinical signs in terms of reli-
ability and diagnostic accuracy; anyway, at the moment, this rep-
resents only an assertion; research is needed to verify these
hypotheses. In addition, if it can be assumed that palpation of
movement variability could be easily studied in osteopathy related
to the musculoskeletal system, the authors also have some con-
cerns as regards visceral and cranial fields.

The authors have mentioned some studies (Tecco et al., 2010;
Jain et al., 2016; Dugailly et al., 2017, 2018), as proof to enhance the
Variability Model; this primary evidence surely deserve attention
and consideration, even if they are built on studies carried out on
relative small samples.

Finally, the authors conducted a non-systematic review in order
to find elements in support of their clinical observation; this
methodology would have allowed to easily detect all the arguments
of interest but could have probably led to a lack of information.

The Variability Model has not any pretension to modify the
fundamental bases of osteopathy, which the model fully contem-
plates through the evaluation of the capacity of adaptation and self-
regulation expressed by movement variability, but rather to make
explicit the palpatory evaluation of body movement typical of the
osteopathic objective examination, through a parameter probably
already used by osteopaths but not yet thoroughly studied, codified
and organized.

Future prospects for research could be to assess its reliability
and accuracy. The authors suppose that it will be possible to
improve the inter-observer reliability after a consensus training as
Degenhardt's studies have shown (Degenhardt et al., 2010). More-
over, it will also be useful to run validity trials to achieve SD clinical
relevance and its feasibility. A particular application might be for
newborn assessment, because it normally has a complicated SD
classification.

7. Conclusions

The osteopathic physical examination includes quantity and
quality motion. The Variability Model, while contemplating the
TART clinical signs, interprets them differently considering move-
ment variability the potential key factor in osteopathic palpatory
diagnosis to detect the capacity of adaptation and self-regulation.

According to the authors, the assessment of the range around
the NP, is essential to detect SD and its distinguishing asymmetry
and restriction of motion. NP expresses a position, while NZ the
possibility of movement with minimum resistance of passive
structures and muscular efforts around that position.
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In presence of normal somatic function, the movement of the
tissues in the NZ is expressed with a symmetrical variability of
motion around NP. On the contrary, an altered somatic function
loses variability, with asymmetry of motion within NZ.

The proposed model aims to open new developments in oste-
opathic research, especially regarding high critical aspects such as
palpatory reliability and SD clinical relevance. Variability Model,
insert in the standard osteopathic diagnostic pathway, may
improve reliability of distinctive physical examination in osteop-
athy considering the enhancing tactile perception and reduced
tissue deformation due to the gentle force applied in the NZ
assessment.

Although osteopathic care should always consider touch effects
and other soft skills useful to interpret and integrate the bio-
psychosocial aspects of the patient, for the authors SD maintains a
primary and distinctive role in osteopathic practice and in
explaining its proven clinical relevance.

Furthermore, it is hoped that the objective and instrumental
examination could be combined in order to enhance the osteo-
pathic diagnostic accuracy.

Considering the SD clinical signs from this new perspective, a
desirable outcome could be a better characterisation of osteopathy
in the biomedical field even if further research is needed to improve
and validate these theories.
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LBP Low Back Pain
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SD Somatic Dysfunction
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TT Tissue Texture
References

Aacom - American Association of Colleges of Osteopathic Medicine, 2017. Glossary
of  osteopathic  terminology. http://www.aacom.org/news-and-events/
publications/glossary-of-osteopathic-terminology.

Al-Eisa, E., Egan, D., Deluzio, K., et al., 2006a. Effects of pelvic skeletal asymmetry on
trunk movement: three-dimensional analysis in healthy individuals versus
patients with mechanical low back pain. Spine 31, 71-79.

Al-Eisa, E., Egan, D., Deluzio, K., et al., 2006b. Effects of pelvic asymmetry and low
back pain on trunk kinematics during sitting: a comparison with standing.
Spine 31, 135—143.

Alter, M.J., 2004. Science of Flexibility, third ed. Human Kinetics, Stanningley Leeds.

Aoa - American Osteopathic Association, 2018. Osteopathic Medical Profession
Report. http://www.osteopathic.org/inside-aoa/about/aoa-annual-statistics/
Pages/default.aspx.

Aronson, J.K., 2005. Biomarkers and surrogate endpoints. Br. J. Clin. Pharmacol. 59,
491—-494.

Ashina, S., Bendtsen, L., Lyngberg, A.C, et al., 2015. Prevalence of neck pain in
migraine and tension-type headache: a population study. Cephalalgia 35,
211-219.

Auerbach, B.M., Ruff, C.B., 2006. Limb bone bilateral asymmetry: variability and
commonality among modern humans. J. Hum. Evol. 50, 203—218.

Auerbach, B.M., Raxter, M.H., 2008. Patterns of clavicular bilateral asymmetry in
relation to the humerus: variation among humans. J. Hum. Evol. 54, 663—674.

Badii, M., Shin, S., Torreggiani, W., et al., 2003. Pelvic bone asymmetry in 323 study
participants receiving abdominal CT scans. Spine 28, 1335—1339.

Basile, F, Scionti, R., Petracca, M., 2017. Diagnostic reliability of osteopathic tests: a
systematic review. Int. J. Osteopath. Med. 25, 21—-29.

Bengaard, K., Bogue, RJ., Crow, W.T,, 2012. Reliability of diagnosis of somatic
dysfunction among osteopathic physicians and medical students. Osteopath.
Family Physic. 4, 2—7.

Bornas, X., de la Torre-Loque, A., 2016. The thin line between health and disease: a
matter of dynamical variability. Fractal Geomet. Nonlin. Anal. Med. Biolo. 2, 1 -
1.

Boulay, C., Tardieu, C., Bénaim, ]J., et al,, 2006. Three-dimensional study of pelvic
asymmetry on anatomical specimens and its clinicalperspectives. J. Anat. 208,
21-33.

Brink, R.C.,, Schldsser, T.P.,, Colo, D., et al., 2017. Asymmetry of the vertebral body and
pedicles in the true transverse plane in adolescent idiopathic scoliosis: a CT-
based study. Spine Deform. 5, 37—45.

Chaitow, L., 2014. Somatic dysfunction and fascia's gliding-potential. J. Bodyw. Mov.
Ther. 18, 1-3.

Channell, M.K,, 2016. Teaching and assessment of high-velocity, low-amplitude
techniques for the spine in predoctoral medical education. J. Am. Osteopath.
Assoc. 116, 610—618.

Chaitow, L., 2010. Palpation Skills: Assessment and Diagnosis through Touch, third
ed. Churchill Livingstone Elsevier, London.

Chandra, S., Leong, ET., 2016. A diversified portfolio model of adaptability. Am.
Psycholo. 71, 847—862.

Cibulka, M.T,, Sinacore, D.R., Cromer, G.S., et al., 1998. Unilateral hip rotation range
of motion asymmetry in patients with sacroiliac joint regional pain. Spine 23,
1009-1015.

Collins, B.W., Cadigan, E.W,]., Stefanelli, L., et al., 2017. Corticospinal excitability of
the biceps brachii is shoulder position-dependent. J. Neurophysiol. 118,
3242-3251.

D'Alessandro, G., Cerritelli, F., Cortelli, P,, 2016. Sensitization and interoception as
key neurological concepts in osteopathy and other manua medicines. Front.
Neurosci. 10, 100.

Davids, K., Glazier, P., Aradjo, D., Bartlett, R., 2003. Egenhardt BF, Snider KT, Snider
EJ, et al. 2005 Movement systems as dynamical systems: the functional role of
variability and its implications for sports medicine. Int. ]. Sports Med. 33 (4),
245-260.

Degenhardt, B.F, Snider, K.T., Snider, E.J.,, et al., 2005. Interobserver reliability of
osteopathic palpatory diagnostic tests of the lumbar spine: improvements from
consensus training. J. Am. Osteopath. Assoc. 105, 465—473.

Degenhardt, B.F, Johnson, J.C., Snider, K.T,, et al., 2010. Maintenance and improve-
ment of interobserver reliability of osteopathic palpatory tests over a 4-month
period. J. Am. Osteopath. Assoc. 110, 579—586.

Denslow, ].S., Clough, G.H., 1941. Reflex activity in the spinal extensors.
J. Neurophysiol. 4, 430—437.

Denslow, J.S., Korr, LM., Krems, A.D., 1947. Quantitative studies of chronic facilitation
in human motorneuron pools. Am. J. Physiol. 150, 229—238.

DiGiovanna, E.L, Schiowitz, S., Dowling, D.J., 2005. An Osteopathic Approach to
Diagnosis & Treatment, third ed. Lippincott Williams & Wilkins, Philadelphia.

Dugailly, P.M., Decuyper, A., Salem, W.,, et al., 2017. Analysis of the upper cervical
spine stiffness during axial rotation: a comparative study among patients with
tension-type headache or migraine and asymptomatic subjects. Clin. BioMech.
42,128—-133.

Dugailly, P.M., Coucke, A., Salem, W., et al., 2018. Assessment of cervical stiffness in
axial rotation among chronic neck pain patients: a trial in the framework of a
non-manipulative osteopathic management. Clin. BioMech. 53, 65—71.

Evans, D.W., Breen, A.C., 2006. A biomechanical model for mechanically efficient
cavitation production during spinal manipulation: prethrust position and the
neutral zone. ]. Manipulative Physiol. Therapeut. 29 (1), 72—82.

Fryer, G., 1999. Somatic Dysfunction: updating the concept. Aus. ]. Osteopa. 10,
14-19.

Fryer, G., Morris, T., Gibbons, P., 2004a. Paraspinal muscles and intervertebral
dysfunction. Part 1. J. Manipulative Physiol. Therapeut. 27, 267—274.

Fryer, G., Morris, T., Gibbons, P., 2004b. Paraspinal muscles and intervertebral
dysfunction. Part 2. ]. Manipulative Physiol. Therapeut. 27, 348—357.

Fryer, G., Morris, T., Gibbons, P., 2004c. The relationship between palpation of
thoracic paraspinal tissues and pressure sensitivity measured by a digital
algometer. J. Osteopath. Med. 7, 64—69.

Fryer, G., Morris, T., Gibbons, P., 2005a. The relationship between palpation of
thoracic tissues and deep paraspinal muscle thickness. Int. ]. Osteopath. Med. 8,
22-28.


http://www.aacom.org/news-and-events/publications/glossary-of-osteopathic-terminology
http://www.aacom.org/news-and-events/publications/glossary-of-osteopathic-terminology
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref2
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref2
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref2
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref2
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref3
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref3
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref3
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref3
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref4
http://www.osteopathic.org/inside-aoa/about/aoa-annual-statistics/Pages/default.aspx
http://www.osteopathic.org/inside-aoa/about/aoa-annual-statistics/Pages/default.aspx
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref6
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref6
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref6
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref7
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref7
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref7
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref7
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref8
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref8
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref8
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref9
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref9
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref9
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref10
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref10
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref10
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref11
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref11
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref11
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref12
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref12
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref12
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref12
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref13
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref13
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref13
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref14
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref14
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref14
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref14
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref14
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref15
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref15
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref15
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref15
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref15
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref16
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref16
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref16
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref17
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref17
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref17
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref17
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref18
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref18
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref19
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref19
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref19
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref20
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref20
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref20
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref20
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref21
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref21
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref21
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref21
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref22
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref22
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref22
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref23
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref23
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref23
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref23
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref23
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref24
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref24
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref24
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref24
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref25
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref25
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref25
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref25
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref26
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref26
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref26
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref27
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref27
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref27
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref28
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref28
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref28
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref28
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref29
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref29
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref29
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref29
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref29
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref30
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref30
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref30
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref30
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref31
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref31
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref31
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref31
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref32
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref32
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref32
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref33
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref33
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref33
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref34
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref34
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref34
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref35
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref35
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref35
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref35
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref36
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref36
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref36
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref36

A. Bergna et al. / Journal of Bodywork & Movement Therapies 24 (2020) 181—189 189

Fryer, G., McPherson, H.C., O'Keefe, P., 2005b. The effect of training on the inter-
examiner and intra-examiner reliability of the seated flexion test and assess-
ment of pelvic anatomical landmarks with palpation. Int. ]. Osteopath. Med. 8,
131-138.

Fryer, G., 2006. Factors affecting the intra-examiner and inter-examiner reliability of
palpation for supine medial malleoli asymmetry. Int. J. Osteopath. Med. 9,
58—65.

Fryer, G., Bird, M., Robbins, B., et al., 2010. Resting electromyographic activity of
deep thoracic transversospinalis muscles identified as abnormal with palpation.
J. Am. Osteopath. Assoc. 110, 61—68.

Fryer, G., 2016. Somatic dysfunction: an osteopathic conundrum. Int. J. Osteopath.
Med. 22, 52—63.

Goldberger, A.L, Rigney, D.R., West, BJ., 1990. Chaos and fractals in human physi-
ology. Sci. Am. 262, 42—49.

Gibbons, P.,, Tehan, P, 2008. Manipulation of the Spine, Thorax and Pelvis. An
Osteopathic Perspective, third ed. Churchill Livingstone, London.

Greenman, P.E., 1996. Principles of Manual Medicine. Lippincott William & Wilkins,
Philadelphia.

Haneline, M.T,, Cooperstein, R., Young, M., Birkeland, K., 2008. Spinal motion
palpation: a comparison of studies that assessed intersegmental end feel vs
excursion. J. Manipulative Physiol. Therapeut. 31, 616—626.

Hart, N.H., Nimphius, S., Weber, ]., et al., 2016. Musculoskeletal asymmetry in
football athletes: a product of limb function over time. Med. Sci. Sports Exerc.
48, 1379—1387.

Hicks, G.E., Fritz, ].M., Delitto, A., et al., 2003. Interrater reliability of clinical ex-
amination measures for identification of lumbar segmental instability. Arch.
Phys. Med. Rehabil. 84, 1858—1864.

Holmgren, U., Waling, K., 2007. Inter-examiner reliability of four static palpation
tests used for assessing pelvic dysfunction. Man. Ther. 13, 50—56.

Icd, 2018. International Classification of Disease 11: Segmental and Somatic
Dysfunction. https://icd.who.int/browse11/l-m/en#/http%3a%2f%2fid.who.int%
2ficd%2fentity%2f1652981832.

Ifompt - International Federation of Orthopaedic Manipulative Physical Therapists,
2019. Membership Organisations and Rigs. http://www.ifompt.org/
MEMBER-+ORGANISATIONS+AND-+REGISTERED+INTEREST+GROUPS.html.

Ingram, L., Snodgrass, S.J., Rivett, D., 2015. Comparison of cervical spine stiffness in
individuals with chronic nonspecific neck pain and asymptomatic individuals.
J. Orthop. Sports Phys. Ther. 45, 162—169.

Jain, TK., Wauneka, C.N., Liu, W., 2016. Four weeks of balance training does not
affect ankle joint stiffness in subjects with unilateral chronic ankle instability.
Int. ]. Sports Exerc. Med. 2, 36.

Johnston, W.L,, Friedman, H.D., Eland, D.C., 1995. Functional Methods : A Manual for
Palpatory Skill Development in Osteopathic Examination and Manipulation of
Motor Function, first ed. American Academy Osteopathy, Indianapolis.

Kanchan, T., Mohan Kumar, T.S., Pradeep Kumar, G., et al., 2007. Skeletal asymmetry.
J. Foren. Legal Med. 15, 177—-179.

Kappler, RE., Jones III, ].M., Kuchera, W.A., 1997. Diagnosis and plan for manual
treatment. In: Ward, R.C. (Ed.), Foundations for Osteopathic Medicine,
Philadelphia.

Kmita, A., Lucas, N.P,, 2008. Reliability of physical examination to assess asymmetry
of anatomical landmarks indicative of pelvic somatic dysfunction in subjects
with and without low back pain. Int. J. Osteopath. Med. 1, 16—25.

Korr, .M., 1947. The neural basis of the osteopathic lesion. J. Am. Osteopath. Assoc.
47,191-198.

Korr, .M., 1954. Clinical significance of the facilitated state. J. Am. Osteopath. Assoc.
54, 277-282.

Korr, LM., Wright, H.M., Thomas, P.E., 1962. Effects of experimental myofascial in-
sults on cutaneous patterns of sympathetic activity in man. J. Neural. Transm.
23, 330—355.

Korr, LM., 1975. Proprioceptors and somatic dysfunction. J. Am. Osteopath. Assoc.
75, 638—650.

Krawiec, CJ., Denegar, C.R., Hertel, J., et al., 2003. Static innominate asymmetry and
leg length discrepancy in asymptomatic collegiate athletes. Man. Ther. 8,
207-213.

Kuchera, M.L,, Jones, ].M., Kappler, R.E., et al., 1997. Musculoskeletal examination for
somatic dysfunction. In: Ward, R.C. (Ed.), Foundations for Osteopathic Medicine,
first ed. Lippincott Williams & Wilkins, Philadelphia.

Kumar, S., Panjabi, M.M., 1995. In vivo axial rotations and neutral zones of the
thoracolumbar spine. J. Spinal Disord. 8, 253—263.

Latash, M.L,, 1993. Control of Human Movement, first ed. Human Kinetics Pub-
lishers, Champaign.

Latimer, ]., Lee, M., Adams, R,, et al., 1996. An investigation of the relationship be-
tween low back pain and lumbar posteroanterior stiffness. J. Manipulative
Physiol. Therapeut. 19, 587—591.

Latremoliere, A., Woolf, CJ., 2009. Central sensitization: a generator of pain hy-
persensitivity by central neural plasticity. J. Pain 10, 895—926.

McEwen, B.S., 2016. In pursuit of resilience: stress, epigenetics, and brain plasticity.
Ann. N. Y. Acad. Sci. 1373, 56—64.

McNeill, W., Blandford, L., 2015. Movement health. ]. Bodyw. Mov. Ther. 19, 150—159.

Moran, R., 2016. Somatic dysfunction e Conceptually fascinating, but does it help us
address health needs? Int. J. Osteopath. Med. 22, 1-2.

Nijs, J., Van Houdenhove, B., Oostendorp, R.A.B., 2010. Recognition of central
sensitization in patients with musculoskeletal pain: application of pain
neurophysiology in manual therapy practice. Man. Ther. 15, 135—-141.

Njoo, K.H., Van der Does, E., 1994. The occurrence and inter-rater reliability of

myofascial trigger points in the quadratus lumborum and gluteus medius: a
prospective study in non-specific low back pain patients and controls in general
practice. Pain 58, 317—-323.

Nyberg, R.E., Smith, A.R., 2013. The science of spinal motion palpation: a review and
update with implications for assessment and intervention. J. Man. Manip. Ther.
21, 160—167.

Panjabi, M.M., 1992. The stabilizing system of the spine. Part II. Neutral zone and
instability hypothesis. J. Spinal Disord. 5, 390—397.

Panjabi, M.M., 2003. Clinical spinal instability and low back pain. ]J. Electromyogr.
Kinesiol. 13, 371-379.

Parsons, J., Marcer, N., 2008. Osteopathy. Models for Diagnosis, Treatment and
Practice, first ed. Churchill Livingstone, London.

Patterson, M.M., Wurster, R.D., 2011. Somatic dysfunction, spinal facilitation, and
viscerosomatic integration. In: Chila, A.G. (Ed.), Foundations of Osteopathic
Medicine, third ed. Lippincott William & Wilkins, Philadelphia, PA.

Petty, N.J., Maher, C., Latimer, J., et al., 2002. Manual examination of accessory
movements-seeking R1. Man. Ther. 7, 39—43.

Parravicini, G., Bergna, A., 2017. Biological effects of direct and indirect manipula-
tion of the fascial system. Narrative review. ]J. Bodyw. Mov. Ther. 21, 435—445.

Preece, Sj, Willan, P.,, Nester, CJ., et al., 2008. Variation in pelvic morphology may
prevent the identification of anterior pelvic tilt. J. Man. Manip. Ther. 16, 113—117.

Rajendran, D., Gallagher, D., 2011. The assessment of pelvic landmarks using
palpation: a reliability study of undergraduate students. Int. ]. Osteopath. Med.
14, 57—60.

Sandkuhler, J., 2009. Models and mechanisms of hyperalgesia and allodynia.
Physiol. Rev. 89, 707—758.

Seffinger, M.A., Naim, W.IL, Mishra, S., et al., 2004. Reliability of spinal palpation for
diagnosis of back and neck pain: a systematic review of the literature. Spine 29,
E413—-E425.

Seminati, E., Nardello, F, Zamparo, P, et al, 2013. Anatomically asymmetrical
runners move more asymmetrically at the same metabolic cost. PloS One 8,
E74134.

Silva, A.C.0., Biasotto-Gonzalez, D.A., Oliveira, EH.M,, et al., 2018. Effect of osteo-
pathic visceral manipulation on pain, cervical range of motion, and upper
trapezius muscle activity in patients with chronic nonspecific neck pain and
functional dyspepsia: a randomized, double-blind, placebo-controlled pilot
study. Evid. base Compl. Alternative Med. 11, 4929271.

Schuldberg, D., 2015. What is optimum variability? Nonlinear Dynam. Psychol. Life
Sci. 19, 553—568.

Sleszynski, S.L., Glonek, T., Kuchera, W.A., 1999. Standardized medical record: a new
Outpatient Osteopathic SOAPNote Form: validation of a standardized office
form against physician's progress notes. J. Am. Osteopath. Assoc. 99, 516—529.

Snider, K.T., Schneider, R.P, Snider, EJ., et al, 2016. Correlation of somatic
dysfunction with gastrointestinal endoscopic findings: an observational study.
J. Am. Osteopath. Assoc. 116, 358—369.

Spring, F,, Gibbons, P., Tehan, P., 2001. Intra-examiner and inter-examiner reliability
of a positional diagnostic screen for the lumbar spine. J. Osteopath. Med. 4,
47-55.

Stecco, C., 2015. Functional Atlas of the Human Fascial System, first ed. Churchill
Livingstone Elsevier, Edinburgh.

Stergiou, N., Harbourne, R., Cavanaugh, J., 2006. Optimal movement variability: a
new theoretical perspective for neurologic physical therapy. ]. Neurol. Phys.
Ther. 30 (3), 120—129.

Stochkendahl, M.J., Christensen, H.W., Hartvigsen, J., et al., 2006. Manual exami-
nation of the spine: a systematic critical literature review of reproducibility.
J. Manipulative Physiol. Therapeut. 29, 475—485.

Sutton, C., Nono, L., Johnston, R.G., et al.,, 2013. The effects of experience on the
inter-reliability of osteopaths to detect changes in posterior superior iliac spine
levels using a hidden heel wedge. J. Bodyw. Mov. Ther. 17, 143—150.

Tecco, S., Caputi, S., Festa, F.,, 2007. Electromyographic activity of masticatory, neck
and trunk muscles of subjects with different skeletal facial morphology-a cross
sectional evaluation. J. Oral Rehabil. 34, 478—486.

Tecco, S., Tete, S., Festa, F.,, 2010. Electromyographic evaluation of masticatory, neck,
and trunk muscle activity in patients with posterior crossbites. EJO (Eur. J.
Orthod.) 32, 747—752.

Thevenot, ]., Pulkkinen, P, Kuhn, V., Eckstein, F, et al., 2010. Structural asymmetry
between the hips and its relation to experimental fracture type. Calcif. Tissue
Int. 87, 203—-210.

Thygeson, M., Morrissey, L., Ulstad, V., 2010. Adaptive leadership and the practice of
medicine: a complexity-based approach to reframing the doctor-patient rela-
tionship. J. Eval. Clin. Pract. 16, 1009—1015.

Van Buskirk, R.L., 1990. Nociceptive reflexes and the somatic dysfunction: a model.
J. Am. Osteopath. Assoc. 90, 792—794, 797 - 809.

Wfc - World Federation of Chiropractic, 2012. Status of the Chiropractic Profession.
https://www.wfc.org/website/images/wfc/WHO_Submission-Final_Jan2013.pdf.

Who - World Health Organization, 2010. Benchmarks for Training in Osteopathy.
http://www.who.int/medicines/areas/traditional/
BenchmarksforTraininginOsteopathy.pdf.

Woolf, CJ., 2011. Central sensitization: implications for the diagnosis and treatment
of pain. Pain 152, S2—15.

Yang, A.C., Tsai, S.J., 2013. Is mental illness complex? From behavior to brain. Prog.
Neuro Psychopharmacol. Biol. Psychiatr. 45, 253—257.

Zein-Hammoud, M., Standley, P.R., 2015. Modeled osteopathic manipulative treat-
ments: a review of their in vitro effects on fibroblast tissue preparations. J. Am.
Osteopath. Assoc. 115, 490—502.


http://refhub.elsevier.com/S1360-8592(20)30060-7/sref37
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref37
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref37
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref37
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref37
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref38
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref38
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref38
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref38
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref39
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref39
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref39
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref39
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref40
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref40
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref40
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref41
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref41
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref41
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref42
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref42
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref43
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref43
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref43
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref44
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref44
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref44
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref44
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref45
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref45
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref45
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref45
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref46
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref46
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref46
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref46
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref47
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref47
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref47
https://icd.who.int/browse11/l-m/en#/http%3a%2f%2fid.who.int%2ficd%2fentity%2f1652981832
https://icd.who.int/browse11/l-m/en#/http%3a%2f%2fid.who.int%2ficd%2fentity%2f1652981832
http://www.ifompt.org/MEMBER+ORGANISATIONS+AND+REGISTERED+INTEREST+GROUPS.html
http://www.ifompt.org/MEMBER+ORGANISATIONS+AND+REGISTERED+INTEREST+GROUPS.html
http://www.ifompt.org/MEMBER+ORGANISATIONS+AND+REGISTERED+INTEREST+GROUPS.html
http://www.ifompt.org/MEMBER+ORGANISATIONS+AND+REGISTERED+INTEREST+GROUPS.html
http://www.ifompt.org/MEMBER+ORGANISATIONS+AND+REGISTERED+INTEREST+GROUPS.html
http://www.ifompt.org/MEMBER+ORGANISATIONS+AND+REGISTERED+INTEREST+GROUPS.html
http://www.ifompt.org/MEMBER+ORGANISATIONS+AND+REGISTERED+INTEREST+GROUPS.html
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref50
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref50
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref50
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref50
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref51
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref51
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref51
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref52
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref52
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref52
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref53
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref53
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref53
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref54
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref54
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref54
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref55
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref55
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref55
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref55
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref56
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref56
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref56
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref57
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref57
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref57
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref58
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref58
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref58
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref58
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref59
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref59
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref59
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref60
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref60
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref60
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref60
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref61
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref61
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref61
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref61
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref62
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref62
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref62
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref63
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref63
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref64
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref64
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref64
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref64
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref65
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref65
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref65
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref66
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref66
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref66
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref67
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref67
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref68
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref68
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref68
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref69
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref69
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref69
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref69
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref70
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref70
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref70
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref70
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref70
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref71
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref71
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref71
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref71
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref72
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref72
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref72
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref73
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref73
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref73
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref74
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref74
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref75
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref75
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref75
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref75
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref76
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref76
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref76
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref77
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref77
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref77
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref78
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref78
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref78
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref79
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref79
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref79
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref79
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref80
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref80
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref80
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref81
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref81
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref81
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref81
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref82
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref82
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref82
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref83
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref83
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref83
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref83
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref83
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref84
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref84
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref84
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref85
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref85
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref85
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref85
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref86
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref86
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref86
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref86
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref87
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref87
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref87
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref87
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref88
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref88
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref89
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref89
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref89
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref89
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref90
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref90
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref90
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref90
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref91
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref91
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref91
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref91
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref92
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref92
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref92
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref92
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref93
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref93
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref93
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref93
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref93
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref94
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref94
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref94
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref94
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref95
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref95
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref95
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref95
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref96
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref96
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref96
https://www.wfc.org/website/images/wfc/WHO_Submission-Final_Jan2013.pdf
http://www.who.int/medicines/areas/traditional/BenchmarksforTraininginOsteopathy.pdf
http://www.who.int/medicines/areas/traditional/BenchmarksforTraininginOsteopathy.pdf
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref99
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref99
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref99
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref100
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref100
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref100
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref101
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref101
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref101
http://refhub.elsevier.com/S1360-8592(20)30060-7/sref101

	A new perspective for Somatic Dysfunction in Osteopathy: the Variability Model
	1. Introduction
	2. Methods
	3. TART critical analysis
	3.1. Texture
	3.2. Asymmetry and restriction of motion
	3.3. Tenderness

	4. Different clinical signs of Somatic Dysfunction
	5. How to palpate somatic dysfunction?
	6. Discussion
	7. Conclusions
	Declarations
	Acknowledgements
	List of Abbreviations
	References


