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a b s t r a c t
Novel theoretical models of movement have historically inspired the creation of new methods for the
application of human movement. The landmark theoretical model of spinal stability by Panjabi in
1992 led to the creation of an exercise approach to spinal stability. This approach however was later challenged, most signiﬁcantly due to a lack of favourable clinical effect. The concepts explored in this paper
address and consider the deﬁciencies of Panjabi’s model then propose an evolution and expansion from a
special model of stability to a general one of movement. It is proposed that two body-wide symbiotic elements are present within all movement systems, stability and mobility. The justiﬁcation for this is
derived from the observable clinical environment. It is clinically recognised that these two elements
are present and identiﬁable throughout the body in different joints and muscles, and the neural conduction system. In order to generalise the Panjabi model of stability to include and illustrate movement, a
matching parallel mobility system with the same subsystems was conceptually created. In this expanded
theoretical model, the new mobility system is placed beside the existing stability system and subsystems.
The ability of both stability and mobility systems to work in harmony will subsequently determine the
quality of movement. Conversely, malfunction of either system, or their subsystems, will deleteriously
affect all other subsystems and consequently overall movement quality. For this reason, in the rehabilitation exercise environment, focus should be placed on the simultaneous involvement of both the stability and mobility systems. It is suggested that the individual’s relevant functional harmonious movements
should be challenged at the highest possible level without pain or discomfort. It is anticipated that this
conceptual expansion of the theoretical model of stability to one with the symbiotic inclusion of mobility,
will provide new understandings on human movement. The use of this model may provide a universal
system for body movement analysis and understanding musculoskeletal disorders. In turn, this may lead
to a simple categorisation system alluding to the functional face-value of a wide range of commonly used
passive, active or combined musculoskeletal interventions. Further research is required to investigate the
mechanisms that enable or interfere with harmonious body movements. Such work may then potentially
lead to new and evolved evidence based interventions.
Ó 2013 Elsevier Ltd. All rights reserved.

Introduction
Novel theoretical models have traditionally inspired new
schools of thought. In the musculoskeletal rehabilitation ﬁeld, academic discussion of theoretical models of movement have provided the platform to develop, discuss and test novel
methodological concepts of evidence-based functional exercise.
In the area of therapeutic exercise, individual regimes invariably
reﬂect the theories from which their methods originated. The biopsychosocial model of health recognises the physical interrelation
between the neural, articular and muscular systems, and that these
must be integrated if normal movement and function are to occur.
However, the role of each system and the importance of subsystems that contribute to the effective performance of movement,
are areas of ongoing debate and challenge. Consequently, new
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paradigms and ideas are and can be proposed to describe and explain the underlying biological mechanisms that enable movement. Within this paper the most recognised and accepted
theoretical model, that of Panjabi [1–4], is expanded to provide
an evolved theoretical model of movement and subsequent
function.
The landmark work of Panjabi conceptualised the theoretical
model that described the neural, active and passive subsystems
of spinal stability. This led to the rapid progression of ideas, concepts and models that have entered the literature over the subsequent two decades, particularly in relation to the management of
low back pain (LBP). This infusion of ideas rationalised and
acknowledged LBP as a signiﬁcant contributor to dysfunction and
pain, for both the individual and society [5,6] and its subsequent
burden in terms of the associated costs within the framework of
the biopsychosocial model of medicine [7,8]. Panjabi’s model of
spinal stability required the three stability subsystems to work in
synergy to prevent LBP [1,2]. This consequently alludes to a
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relationship between deﬁcient lumbar spinal stability and chronic
LBP. Furthermore, the congruity of the passive system and articular
ligaments were particularly emphasised by Panjabi to enable efﬁcient muscle control and spinal stability to prevent LBP [2,3]. This
conceptual approach coincided and built upon earlier proposed
models of stability. Previously Belenkii had described how the central nervous system (CNS) stabilised the body prior to a predicted
challenge [9]. Grillner reinforced these ﬁndings by demonstrating
that the stability mechanism will increase its activity proportionally to increases in functional challenge [10]. Bouisset subsequently used EMG in a study that demonstrated stabilising
activity occurring throughout the body prior to movement [11].
A further concept evolution was proposed by Bergmark who
theorised that the ‘local’ stability muscles could be separated
from the ‘global’ muscles and consequently the different distributions of the outer forces on the body will be managed and explained [12].
In general, exercise approaches inspired by Panjabi’s model
initiate training with isolation exercises for the spinal stability
components [2,4]. Functional movements are then introduced
at later stages [13–16]. This exercise approach was established
some two decades ago and has been relatively well accepted until recently [17]. Several studies have now questioned the reliability of the scientiﬁc ﬁndings in relation to function and
symptomology [18–20] which in turn challenges the concept of
graded introduction of the functional components following a
foundation of stability [21]. Perhaps more signiﬁcantly, to date
no study has found evidence that training the stability system
in isolation can be attributed to long-term symptomatic relief
in subjects with LBP [22–24]. These challenges raised the question as to whether the problem of LBP could be categorised as
a lack of static stability, rather than a lack of harmonious movement. This perhaps encouraged the originators of stability-training to reiterate their commitment to functional movement.
Hodges claimed that back pain is not an issue of a single muscle,
but rather it is associated with complex changes across a whole
system [25]. O’Sullivan pointed out the lack of compelling evidence to support the prescription of stability exercises to individuals with non-speciﬁc chronic LBP [13]. Panjabi had earlier
referred to this by stating that ‘‘. . . mechanical stability contains
both static and dynamic elements’’ [26]. This however raises another fundamental question – what is relative stability related to
when discussing human movement?
It is currently widely accepted that musculoskeletal disorders
should be managed within the context of the biopsychosocial
model of health as proposed by Engel [27]. It is well recognised
that understanding of the human as a whole, and their presentation with symptoms and conditions that can include pain,
requires incorporating and balancing of the three aspects of
the biological, psychological and sociological [28]. Without this
balance interruptions that disturb the ideal status quo will
manifest as problems, symptoms and/or pain [29]. The identiﬁcation of those at risk of delayed recovery is inﬂuenced by the
presence of factors that affect this balance [30]. Consequently
human movement and stability cannot be viewed as purely a
physical phenomenon but a consequence of the interfacing
interaction of dynamic activity and the individual’s biopsychosocial status.
The purpose of this paper therefore is to: synthesise the current
knowledge relating to conceptual models of movement and to
standardise these within the context of Panjabi stability model
while retaining the framework of the biopsychosocial model of
health; and to express functional movement as a dynamic expansion that interfaces with this model. Finally, a critical aspect is to
expose musculoskeletal rehabilitation and exercise methods based
upon the proposed expanded theoretical model.
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Stability and mobility as observed in movement
To analyse and discuss exercise approaches based on movement
rather than stability, this paper has expanded Panjabi’s model. We
propose the inclusion of a matching relative mobility system in
parallel with the existing relative stability system. It is postulated
that these two systems of movement are separate but relative to
each other as they interface to provide an integrated system. The
manner in which they cooperate and work synergistically can
determine the quality of movement throughout the body. There
is an autonomous determination of the ratio of stability/mobility
according to the set functional requirements of the task at hand.
For example, a person involved in archery will emphasise relative
stability at the expense of mobility, yet the same person may conversely emphasise relative mobility when dancing. Both the stability and mobility systems of movement might be observed
separately, but they are functionally dependent upon each other
to counterbalance and merge forces in order to create the actions
of full-body movement. Examples of this concept can be seen in
activities such as a supine single straight leg raise where the hip
joint and the long hip ﬂexor muscles of the moving leg might be
viewed at as a mobility system [31]. To counterbalance this action,
typical stability system structures are recruited such as the
sacroiliac joint (SIJ) and the pelvic stability muscles assisted by
the static body. This example complies with Mens et al’s validation
of the active straight leg (ASLR) test [32]. In this test, the stability
system is challenged to stabilise the pelvis when raising a straight
leg from the supine position. Abnormal ASLR test results are
recorded if the pelvis (or other body segments) uses excessive
superﬁcial muscles to provide stability, suggesting a dysfunction
of the deep pelvic stability muscles. Normalising this compensation by applying external pelvic stability forces consolidates a
positive ASLR test result [32,33].
According to this presented concept, impaired movements may
be apparent if the body functions without adequate synergy between the stability and mobility systems. This is supported by electromyography where Hodges et al. [34] demonstrated that stability
is dependent on movement of multiple body segments. Conversely,
pain may also deleteriously disrupt the harmony between the systems. Hodges and Moseley [35] demonstrated an alteration of the
normal activation timing between the stability and mobility muscles in the presence of experimentally induced pain, similar to the
alterations observed in people with LBP. Imparity between the two
systems may not be sufﬁciently signiﬁcant to contribute to immediate tissue damage or signiﬁcant pain. However, this condition
may have negative inﬂuences in the case of an unpredicted challenges to stability and if not corrected may deteriorate with time,
eventually leading to one or more chronic musculoskeletal disorders of a complex biopsychosocial source [36].
Stability versus mobility
The acknowledgement of two body-wide systems working in
synergy to create movement can facilitate the understanding of
integrated whole body movement. This includes the complex similarities and differences that exist between individual movement
components and how movement is initiated and conducted. This
section analyses the stability and mobility speciﬁc elements in
muscles, joints and nerve conduction.
Muscles
It is generally accepted that muscle ﬁbres can be considered as
two main types; slow twitch (or Type 1 or ‘Red’) muscle ﬁbres and
fast twitch (or Type 2 or ‘White’) muscle ﬁbres. Fast twitch ﬁbres
can be further categorised into the Type 2a (hybrid between slow
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and fast twitch ﬁbres) and Type 2b ﬁbres (typical white fast twitch
ﬁbres). Early studies discovered that a variable contribution of fast
and slow twitch ﬁbres exist in most skeletal muscles [37–39].
However it was also found that the transversus abdominis and
lumbar multiﬁdus, which are deep stability muscles, appear to
contain more tonic or Type 1 ﬁbres than the more superﬁcial
abdominal muscles [39,40]. Later studies have alluded to the phenomenon in which slow twitch ﬁbres convert to fast twitch ﬁbres
with age, but also in association with chronic musculoskeletal disorders, in both cases related to sub-optimal performance [41–43].
Consequently, according to this concept, slow twitch muscles
are considered stability-biassed. Fast twitch muscles are long levered and associated with bursts of explosive ﬁring and are therefore considered mobility-biassed muscles. Previous authors
investigating movement have also related this aspect to two separate muscular systems. Rood classiﬁed muscles as mobilisers and
stabilisers [44]; Bergmark used the term global and local muscles
[12]; Panjabi referred to the muscles and tendons surrounding
the spinal column as the subsystem of spinal stability which provided active stability [1–4]. According to the presented concept,
sorting movement muscles into two distinct groups is not simplistic. During normal movement, muscles share stability and mobility
roles dependent upon the situation. For example, during gait, the
gluteus medius on the weight bearing side addresses more of a
stability challenge compared to its function on the non weightbearing side. This mechanism is further challenged as it continuously alternates according to the speed of gait. Evidence of the
functional stability/mobility differences between the gluteus
medius on both sides of the body can be found by observing unilateral differences in pelvic stability when one of the muscles is weakened [45]. Additionally, ‘hybrid’ muscles might serve both systems
equally. Evidence of a local stability role for the posterior fascicles
of the psoas major muscle was described by Gibbons [46]. It was
also noted that the posterior fascicles of psoas major are ideally
suited to perform a local stabiliser role. It was concluded that local
and global muscular dysfunctionality may allow the development
of a movement dysfunction [47].
Joints
Different joints might be classiﬁed as specialised for either stability or mobility, even though they share elements such as hyaline
cartilage surfaces, synovial ﬂuid and surrounding ligaments and
muscles. For example, when comparing the approximate hip and
SIJ, morphologic and functional differences in relation to their stability or mobility specialisation become evident. The SIJ is a synovial joint. Its cartilaginous articular surfaces however are marked
by a number of irregular elevations and depressions [48,49].
Vleeming et al. [50,51] described a combined mechanism in which
the SIJ plays a major role in lumbopelvic stability due to the morphology and orientation of its joint surfaces (form closure). This is
achieved when the surrounding stability muscles compress the
stability-designated SIJs (force closure).
The hip joint is considered a mobility-designated joint, because
it is a large ball-and-socket synovial joint. It is formed by the reception of the head of the femur into the cup-shaped fossa of the acetabulum and long mobility muscles originating from the pelvis
surround it [48]. This allows for the relatively large and smooth
ranges of motion of the femur upon the pelvis. Even though the
hip joint is considered a mobility joint according to these criterions, the massive structure of the joint and mass of muscles surrounding it provide relative hip stability that is necessary for
function. Equally stated, the stability specialised synovial SIJ has
mobility qualities that are also required for normal function. This
relationship is not unique to the lumbo-pelvic complex, as similar
relationships between active and passive subsystems exist in other
body areas. For example in the cranio-cervical region a linear

relationship has been shown between the amplitude of deep cervical ﬂexor muscle activity and incremental stages of the movement
of craniocervical ﬂexion [52]. Yet this movement alters in both
quality and quantity with progressive age [53].

Neural conduction
The neural activation time gap that occurs between the stability
and mobility systems has been of special interest to authors in the
ﬁelds of human movement and chronic LBP. As mentioned previously, different authors have demonstrated that the CNS prepares
for predicted challenges to stability by pre-movement muscular
activations [9]. Conversely, the stability mechanism increases its
activity proportionally to the functional challenge [10]. Consequently, speciﬁc anticipatory muscular activity occurs throughout
the body prior to movement [11]. Hodges and Richardson provided
evidence that the CNS initiates a stability mechanism led by activation of the transversus abdominis muscle prior to the occurrence of
lower limb mobility [54]. They further supported this for mobility
of the upper limb by demonstrating a similar feed-forward mechanism with respect to stability of the lumbar spine [55]. Signiﬁcantly, they demonstrated that the presence of temporary LBP
switched the sequence of ﬁring between the systems with the
mobility muscles being activated prior to those for stability. This
phenomenon subsequently reverted to normal when the pain
resolved. It was concluded that this altered activation strategy
deleteriously disrupted the timing required for normal movement.
This consequently led to the attention of new protocols for
musculoskeletal rehabilitation [56]. In an electromyographic
study, Moseley et al. demonstrated variations of activation of the
deep and superﬁcial components of the medial lumbar muscles
according to the biomechanical action of the muscle component
[57]. This might be attributed to a dynamic and continuous effort
of the stability and mobility neural subsystems to adapt and provide the body with the most efﬁcient movement and posture
according to the set condition. This mechanism of separate stability and mobility neural activations is not unique to the lumbopelvic region. For example, a trend towards a delayed onset of the
vastus medialis oblique relative to vastus lateralis was found in
those with anterior knee pain in comparison to those without [58].

Theoretical model
The model presented here addresses the biological aspects of
musculoskeletal rehabilitation. Therefore it should be positioned
alongside other appropriate ﬁelds of practise within the spectrum
of the biopsychosocial model of health where all three aspects warrant clinical consideration [28].
Panjabi’s 1992 landmark model focused on the special situation
of spinal stability and as such it is limited to the inspiration of stability training. To generalise Panjabi’s stability model, to include an
expression of the dimension of movement, this proposed model
conceptually creates a matching mobility system that is placed in
parallel to the existing stability system. For normal movement to
occur, both systems must work in harmony.
Panjabi conceptualised that the system of spinal stability consists of three subsystems; the active subsystem (muscles), the passive subsystem (joints and soft tissue), and the neural subsystem
(neural conduction). It was emphasised that for the lumbar spine
to enjoy sustainable stability and prevent LBP, all three subsystems
must function harmoniously [1–3] (Fig. 1).
As underlined in the text, this presented theoretical model
views human movement as a continuous interaction between the
body’s stability and mobility systems. Accordingly, in the
presented model diagram, Panjabi’s original model of the stability
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Stability-active subsystem – the lumbopelvic stability muscles

Neural

Passive

The lack of hip extensibility may cause pelvic imbalance after
the mid-stand phase of gait. If the lumbopelvic stability muscles
cannot control a normal gait cycle regularly, they will weaken
where they are naturally needed, simply due to disuse.

Active
Stability-passive subsystem – the SIJ joint surface alignment

Fig. 1. Panjabi’s subsystems of spinal stability [1].

system is placed opposite an equally signiﬁcant mobility system,
each system containing three matching subsystems (Fig. 2).
In Fig. 2, each of the six subsystems is directly connected to all
other ﬁve subsystems. The symmetric symbol represents a unique
situation in which all subsystems are healthy and contributing
equally to the provision of harmonious movement. If any of the
subsystems malfunction, all other subsystems will be compelled
to compensate accordingly in order to enable the survival measure
of impaired movements. In such a case, the diagrammatic symbol
connecting all the subsystems will lose its symmetry.
Panjabi postulated that uncorrected ligament sub-failure injuries can lead to muscle control dysfunction, which subsequently
results in chronic LBP [4]. According to this presented model, failure of any movement component will cause all other subsystems
to compensate, whether stability or mobility, passive, active or
neural. This will result in impaired movement regardless of the original cause. Accordingly, attempts to harmonise impaired movement should involve addressing all six subsystems simultaneously.
To provide an example of this conceptual model a hypothetical
movement problem is considered. If a hip joint grossly lacks mobility towards extension, then within this proposed concept it would
be considered a malfunction of the mobility-passive subsystem.
Consequently, compensations in the other ﬁve subsystems may
be affected as follows.

If the pelvis is forced from its normal posture during the gait cycle, and the stability muscles are not positioned to stabilise the pelvis. Consequently the excessive movement forces impacting upon
the SIJ surfaces may alter their orientation and hinder their passive
locking mechanism (form closure). With time, SIJ movement disorders may contribute to the chronicity of the condition.
Stability neural subsystem – activation sequencing
If the pelvis cannot physically maintain its normal posture due
to a lack of hip extensibility, the stability neural conduction alters
its activation strategy to contain the compensations and provide
optimal functional movement. This may contribute to an interference with the normal activation timing sequence between the
systems.
Mobility active subsystem – the hip long mobility muscles
The described lack of pelvic stability is deleterious for long
mobility muscles due to their origin from the pelvis and dependence upon it as a dynamically stable platform. Impairment of
these muscles may be noted in accuracy, controlling power, range
of motion and safety. In the ranges in which the hip movement is
limited, the mobility muscle function could deteriorate.
Mobility neural subsystem – adaptive dysfunction
The mobility nerve conduction is challenged to adapt to the
compensations due to the lack of hip extension. This subsystem
seeks to comply and provide continuity with the rest of the body
and how it manages the movement.
Functional level of musculoskeletal interventions

Stability
Neural

Stability
Passive

Stability
Active

Mobility
Passive

Mobility
Active

Mobility
Neural

Fig. 2. The six subsystems of movement.

This presented model approaches movement from a holistic
view, believing that the stability and mobility systems are not separated and that movement functions as a continuum. Active musculoskeletal interventions, inspired by Panjabi’s model of
separating the stability systems, have become popular in recent
decades. However, evidence to support both the clinical and performance outcomes has been questionable [59]. There appears to
be a link between core stability and athletic performance, with
marginal beneﬁts being demonstrated [60], though unfortunately
the nature of this relationship remains unclear and further research is required [61]. There is a need for a clearer understanding
of the roles that speciﬁc muscles have during core stability and
core strength exercises. This would in-turn enable a greater number and variety of functional training programs to be implemented
[62]. A meta-analysis of ‘core stability exercise versus general exercise for chronic LBP’ revealed that core stability exercise was more
effective in decreasing pain in the short term. However, no significant long-term differences in pain severity were observed [63]. A
single study measuring the effect of a four week integrated stability/mobility Pilates based regime indicated that both lumbo-pelvic
stability and peripheral ﬂexibility were enhanced [64]. This ﬁnding
would coincide with the model presented here where the stability

Author's personal copy

696

J. Hoffman, P. Gabel / Medical Hypotheses 80 (2013) 692–697

and mobility systems are merged in order to create functional
movement.
In the musculoskeletal rehabilitation setting, it might not always
be possible to create functional movement involving all the six subsystems described in this expanded model. Therefore, active or passive interventions might be used to lead to and facilitate functional
movement. It is suggested that – the number of subsystems a musculoskeletal intervention targets and the level of interactions between the subsystems it trains, determines the functional level of
the intervention. This may offer a practical key to differentiate between commonly used therapeutic and rehabilitation approaches.
It may also assist clinicians in creating progress plans to a level in
which all six subsystems can be trained in synergy.
Interventions targeting 1–2 subsystems
In situations where limited subsystems are targeted, speciﬁc
consequences should result. This can be highlighted by the following examples.
Neural subsystems
Anaesthesia methods such as TCNS, acupuncture and laser therapy [65]. When used in isolation these interventions may be considered as predominantly targeting the neural subsystems.
Passive subsystems
Manual methods such as passive joint and soft tissue manipulation. These passive approaches have been suggested as targeting
pain control, improvements in range of motion [66] and tissue
healing [67].
Active subsystems
Exercises that isolate the mobility/active subsystem will have
emphasis on training the mobility muscles without consciously
integrating the stability muscles during the exercise. Conversely,
exercises isolating the stability/active subsystems may include approaches that isolate the stability muscles without involving the
mobility muscles [15].
As the above methods each affect a small number of subsystems
and do not train normal interactions between all subsystems, the
proposed symbiotic model would predict that they would not provide a sustainable return to normal movement. However, they may
be indicated in situations when normal movement is not
anticipated.
Interventions targeting 3–5 subsystems
The aim of normalised functional movement through training
integration between the subsystems places this group of interventions at a higher level of functionality. ‘Mobilisations with Movements’ (MWMs) [68] is an example of this approach as it trains
integration between the neural and passive subsystems. In its classic form, when performing MWMs the clinician maintains a passive holding of the joints to eliminate pain while new normalised
movement is trained passively [68]. Using this model, a higher level of functionality would be achieved if the client were to perform
functional active MWMs, still with the passive holding by the clinician. Adding the active/mobility subsystem to the MWMs would
make the intervention inclusive of all subsystems even though
the active/stability subsystem is manually assisted.
Interventions targeting all six subsystems
This level of functional training would normally include active
full-body exercises that challenge the combined harmonious activation of both the mobility and the stability systems to train functional

movement. Discomfort or pain, are contraindicated due to their deleterious effect on normal movement. To achieve targeted functional
effects, the progression of the exercises should be towards the relevant functionality, from basic to complex, according to the ability of
the client. When movement related disorders exist, the challenge of
training harmonious movement subsequently rises together with
the dangers of incorrect training. This adds to the importance of
commencing full-body exercises in the clinical setting. Examples
of this approach may be found in traditional ‘body-mind’ methods
that include Pilates, Feldenkreiz, Alexander and Yoga [69].
A sustainable end goal of rehabilitation is important to prevent
recurrences. It is suggested that prevention is ultimately achieved
by continuing to train the body to harmoniously challenge a wide
range of relevant functional movements after the patient is discharged from rehabilitation and considered generally healthy.
An inﬁnite number of factors can affect human movement
therefore the model is not and potentially cannot ever be complete.
The other systems of the body, as well as environmental issues that
are affected by movement may also need to be considered within
the context of the biopsychosocial model of health. In this way
the model should become sustainable as it is progressively evolves.
Conclusions
Novel theoretical models serve to bring new evidence-based
insights into natural phenomenon that perplex scientiﬁc ﬁelds.
As functional exercises are increasingly introduced into the clinical
sphere, whether as a progression to the stability exercise approach
or as an external method, such as full-body approaches, it is
important for clinicians and scientists alike to understand the fundamentals of movement on a theoretical level. It is anticipated this
theoretical model will provide a new direction in the understandings of human movement and disorders. It is also anticipated that
this proposed concept will in turn inspire investigation and validation of combined stability/mobility based exercise approaches in
the musculoskeletal rehabilitation setting. Such validation will enable full-body approaches to afﬁrm their place in the clinical and
healthcare environments. Further research is required to investigate the mechanisms that enable the body to use different specialised components to create harmonious movements. It is also
important to investigate the multiple factors that inﬂuence the
complexity of human movement and how the injured body
manages, integrates and adapts to different intervention strategies.
Conﬂict of interest statement
JH is the inventor of various patented exercise devices aiming to
enhance functional movement based upon the principles set forth
in this paper. No funding was received to sponsor this paper.
Acknowledgements
We thank Cecil Taitz, PhD. for critically revising the manuscript
in its early versions.
References
[1] Panjabi MM. The stabilizing system of the spine. Part I. Function, dysfunction,
adaptation, and enhancement. J Spinal Disord 1992;5(4):383–9 [discussion
397].
[2] Panjabi MM. The stabilizing system of the spine. Part II. Neutral zone and
instability hypothesis. J Spinal Disord 1992;5(4):390–6 [discussion 397].
[3] Panjabi MM. Clinical spinal instability and low back pain. J Electromyogr
Kinesiol 2003;13(4):371–9.
[4] Panjabi MM. A hypothesis of chronic back pain: ligament subfailure injuries
lead to muscle control dysfunction. Eur Spine J 2006;15(5):668–76.
[5] Waddell G, Main CJ, Morris EW, et al. Normality and reliability in the clinical
assessment of backache. Br Med J (Clin Res Ed) 1982;284(6328):1519–23.

Author's personal copy

J. Hoffman, P. Gabel / Medical Hypotheses 80 (2013) 692–697
[6] Maas ET, Juch JN, Groeneweg JG, et al. Cost-effectiveness of minimal
interventional procedures for chronic mechanical low back pain: design of
four randomised controlled trials with an economic evaluation. BMC
Musculoskelet Disord 2012;13:260.
[7] Melloh M, Elfering A, Egli Presland C, et al. Predicting the transition from acute
to persistent low back pain. Occup Med 2011;61:127–31.
[8] Hendrick P, Milosavljevic S, Bell ML, et al. Does physical activity change predict
functional recovery in low back pain? Protocol for a prospective cohort study.
BMC Musculoskelet Disord 2009;10:136.
[9] Belenkii VY, Gurﬁnkel VS, Paltsev YI. Elements of control of voluntary
movements. Bioﬁzika 1967;12(1):135–41.
[10] Grillner S, Nilsson J, Thorstensson A. Intra-abdominal pressure changes during
natural movements in man. Acta Physiol Scand 1978;103:275–87.
[11] Bouisset S, Zattara M. A sequence of postural movements precedes voluntary
movement. Neurosci Lett 1981;22(3):263–70.
[12] Bergmark A. Stability of the lumbar spine. A study in mechanical engineering.
Acta Orthop Scand Suppl 1989;230:1–54.
[13] O’Sullivan PB. Lumbar segmental ‘instability’: clinical presentation and speciﬁc
stabilizing exercise management. Man Ther 2000;5(1):2–12.
[14] Hodges PW. Is there a role for transversus abdominis in lumbo-pelvic
stability? Man Ther 1999;4(2):74–86.
[15] Hides JA, Richardson CA, Jull GA. Multiﬁdus muscle recovery is not automatic
after resolution of acute, ﬁrst-episode low back pain. Spine (Phila Pa 1976)
1996;21(23):2763–9.
[16] Liebenson C. Spinal stabilization training: the transverse abdominus. J
Bodywork Movement Ther 1998;2(4):218–23.
[17] MacDonald DA, Moseley GL, Hodges PW. The lumbar multiﬁdus: does the
evidence support clinical beliefs? Man Ther 2006;11(4):83–93.
[18] Mannion AF, Pulkovski N, Toma V, Sprott H. Abdominal muscle size and
symmetry at rest and during abdominal hollowing exercises in healthy control
subjects. J Anat 2008;213:173–82.
[19] Allison GT, Morris SL. Transversus abdominis and core stability – has the
pendulum swung? Br J Sports Med 2008;42:930–1.
[20] Cook J. Jumping on bandwagons: taking the right clinical message from
research. Br J Sports Med 2008;42:863.
[21] Burns SA, Foresman E, Kraycsir SJ, et al. A treatment-based classiﬁcation
approach to examination and intervention of lumbar disorders. Sports Health
2011;3(4):362–72.
[22] Mills JD, Taunton JE, Mills WA. The effect of a 10-week training regimen on
lumbo-pelvic stability and athletic performance in female athletes: a
randomized-controlled trial. Phys Ther Sport 2005;6(2):60–6.
[23] Cleland J, Schulte C, Durall C. The role of therapeutic exercise in treating
instability-related lumbar spine pain: a systematic review. J Back
Musculoskelet Rehabil 2002;16(2–3):105–15.
[24] Koumantakis GA, Watson PJ, Oldham JA. Trunk muscle stabilization training
plus general exercise versus general exercise only: randomized controlled trial
of patients with recurrent low back pain. Phys Ther 2005;85(3):209–25.
[25] Hodges P. Transversus abdominis: a different view of the elephant. Br J Sports
Med 2008;42(12):941–4.
[26] Panjabi M. In: Richardson C, Jull G, Hodges P, Hides J, editors. Therapeutic
exercise for spinal segmental stabilization in low back pain. Edinburgh:
Churchill Livingstone; 1999. vii.
[27] Engel GL. The need for a new medical model: a challenge for biomedicine.
Science 1977;196(4286):129–36.
[28] Molina JA. Understanding the biopsychosocial model. Int J Psychiatry Med
1983;13(1):29–36.
[29] Alonso Y. The biopsychosocial model in medical research: the evolution of the
health concept over the last two decades. Patient Educ Couns 2004;53(2):
239–44.
[30] Westman A, Linton SJ, Ohrvik J, Wahlen P, Leppert J. Do psychosocial factors
predict disability and health at a 3-year follow-up for patients with non-acute
musculoskeletal pain? A validation of the orebro musculoskeletal pain
screening questionnaire. Eur J Pain 2008;12(5):641–9.
[31] Beales DJ, O’Sullivan PB, Briffa NK. Motor control patterns during an active
straight leg raise in pain-free subjects. Spine (Phila Pa 1976) 2009;34(1):E1–8.
[32] Mens JM, Damen L, Snijders CJ, Stam HJ. The mechanical effect of a pelvic belt
in patients with pregnancy-related pelvic pain. Clin Biomech (Bristol, Avon)
2006;21(2):122–7.
[33] Beales DJ, O’Sullivan PB, Briffa NK. The effects of manual pelvic compression on
trunk motor control during an active straight leg raise in chronic pelvic girdle
pain subjects. Man Ther 2010;15(2):190–9.
[34] Hodges PW, Gurﬁnkel VS, Brumagne S, Smith TC, Cordo PC. Coexistence of
stability and mobility in postural control: evidence from postural
compensation for respiration. Exp Brain Res 2002;144(3):293–302.
[35] Hodges PW, Moseley GL, Gabrielsson A, Gandevia SC. Experimental muscle
pain changes feedforward postural responses of the trunk muscles. Exp Brain
Res 2003;151(2):262–71.
[36] Tsao H, Danneels LA, Hodges PW. ISSLS prize winner: smudging the motor
brain in young adults with recurrent low back pain. Spine (Phila Pa 1976)
2011;36(21):1721–7.
[37] Johnson MA, Polgar J, Weightman D, Appleton D. Data on the distribution of
ﬁbre types in thirty-six human muscles. An autopsy study. J Neurol Sci
1973;18(1):111–29.
[38] Elder GC, Bradbury K, Roberts R. Variability of ﬁber type distributions within
human muscles. J Appl Physiol 1982;53(6):1473–80.

697

[39] Verbout AJ, Wintzen AR, Linthont P. The distribution of slow and fast twitch
ﬁbres in the intrinsic lumbar back muscles. Clin Anat 1989;2:120–1.
[40] Haggmark T, Thorstensson A. Fibre types in human abdominal muscles. Acta
Physiol Scand 1979;107(4):319–25.
[41] Demoulin C, Crielaard JM, Vanderthommen M. Spinal muscle evaluation in
healthy individuals and low-back-pain patients: a literature review. Joint Bone
Spine 2007;74(1):9–13.
[42] Mannion AF, Kaser L, Weber E, Rhyner A, Dvorak J, Muntener M. Inﬂuence of
age and duration of symptoms on ﬁbre type distribution and size of the back
muscles in chronic low back pain patients. Eur Spine J 2000;9(4):273–81.
[43] Doria E, Buonocore D, Focarelli A, Marzatico F. Relationship between human
aging muscle and oxidative system pathway. Oxid Med Cell Longev
2012;2012:830257.
[44] Goff B. The application of recent advances in neurophysiology to Miss M.
Rood’s concept of neuromuscular facilitation. Physiotherapy 1972;58(12):
409–15.
[45] Grumet RC, Frank RM, Slabaugh MA, Virkus WW, Bush-Joseph CA, Nho SJ.
Lateral hip pain in an athletic population: differential diagnosis and treatment
options. Sports Health 2010;2(3):191–6.
[46] Gibbons SGT. Integrating the psoas major and deep sacral guteus maximus
muscles into the lumbar cylinder model. In: The spine: world congress on
manual therapy, october 7–9th 2005, Rome, Italy, 2005.
[47] Comerford MJ, Mottram SL. Movement and stability dysfunction –
contemporary developments. Man Ther 2001;6(1):15–26.
[48] Standring SE. Gray’s anatomy: the anatomical basis of clinical practice. 40th
ed. New York: Churchill Livingstone; 2008.
[49] Vleeming A, Schuenke MD, Masi AT, Carreiro JE, Danneels L, Willard FH. The
sacroiliac joint: an overview of its anatomy, function and potential clinical
implications. J Anat 2012;221(6):537–67.
[50] Vleeming A, Stoeckart R, Volkers AC, Snijders CJ. Relation between form and
function in the sacroiliac joint. Part I: clinical anatomical aspects. Spine (Phila
Pa 1976) 1990;15(2):130–2.
[51] Vleeming A, Volkers AC, Snijders CJ, Stoeckart R. Relation between form and
function in the sacroiliac joint. Part II: biomechanical aspects. Spine (Phila Pa
1976) 1990;15(2):133–6.
[52] Falla DL, Campbell CD, Fagan AE, Thompson DC, Jull GA. Relationship between
cranio-cervical ﬂexion range of motion and pressure change during the craniocervical ﬂexion test. Man Ther 2003;8(2):92–6.
[53] Uthaikhup S, Jull G. Performance in the cranio-cervical ﬂexion test is altered in
elderly subjects. Man Ther 2009;14(5):475–9.
[54] Hodges PW, Richardson CA. Contraction of the abdominal muscles associated
with movement of the lower limb. Phys Ther 1997;77(2):132–42 [discussion
142-134].
[55] Hodges PW, Richardson CA. Feedforward contraction of transversus abdominis
is not inﬂuenced by the direction of arm movement. Exp Brain Res
1997;114(2):362–70.
[56] Hodges PW, Richardson CA. Inefﬁcient muscular stabilization of the lumbar
spine associated with low back pain. A motor control evaluation of transversus
abdominis. Spine (Phila Pa 1976) 1996;21(22):2640–50.
[57] Moseley GL, Hodges PW, Gandevia SC. External perturbation of the trunk in
standing humans differentially activates components of the medial back
muscles. J Physiol 2003;547(Pt 2):581–7.
[58] Chester R, Smith TO, Sweeting D, Dixon J, Wood S, Song F. The relative timing
of VMO and VL in the aetiology of anterior knee pain: a systematic review and
meta-analysis. BMC Musculoskelet Disord 2008;9:64.
[59] Okada T, Huxel KC, Nesser TW. Relationship between core stability, functional
movement, and performance. J Strength Cond Res 2011;25(1):252–61.
[60] Reed CA, Ford KR, Myer GD, Hewett TE. The effects of isolated and integrated
‘core stability’ training on athletic performance measures: a systematic
review. Sports Med 2012;42(8):697–706.
[61] Sharrock C, Cropper J, Mostad J, Johnson M, Malone T. A pilot study of core
stability and athletic performance: is there a relationship? Int J Sports Phys
Ther 2011;6(2):63–74.
[62] Hibbs AE, Thompson KG, French D, Wrigley A, Spears I. Optimizing
performance by improving core stability and core strength. Sports Med
2008;38(12):995–1008.
[63] Wang XQ, Zheng JJ, Yu ZW, et al. A meta-analysis of core stability exercise
versus general exercise for chronic low back pain. PLoS One 2012;7(12):
e52082.
[64] Phrompaet S, Paungmali A, Pirunsan U, Sitilertpisan P. Effects of pilates
training on lumbo-pelvic stability and ﬂexibility. Asian J Sports Med
2011;2(1):16–22.
[65] Bjordal JM, Johnson MI, Lopes-Martins RA, Bogen B, Chow R, Ljunggren AE.
Short-term efﬁcacy of physical interventions in osteoarthritic knee pain. A
systematic review and meta-analysis of randomised placebo-controlled trials.
BMC Musculoskelet Disord 2007;8:51.
[66] Tuttle N. Do changes within a manual therapy treatment session predict
between-session changes for patients with cervical spine pain? Aust J
Physiother 2005;51(1):43–8.
[67] Zusman M. There’s something about passive movement. Med Hypotheses
2010;75(1):106–10.
[68] Mulligan BR. Manual Therapy; NAGS, SNAGS, MWMS etc.. 6th
ed. Wellington: Plane View; 2010.
[69] Deutsch JE, Anderson EZ. Complementary therapies for physical therapy: a
clinical decision-making approach. St. Louis: Saunders; 2008.

