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M
otor control is a popular concept within physical therapy 
practice and has received a significant amount of 
attention over the last 25 years. It has been implicitly 
conceived and understood by clinicians and researchers 

throughout this time, yet appears to differ considerably with 
respect to its definition and translation into clinical practice.

The field of motor control research en-
compasses a number of areas, including 
physics, engineering, statistics, and be-
havioral and cognitive science, as well as 
physiology, neuroscience, and medicine.26 
Within these fields, the concept of mo-
tor control appears to be explicitly well 
understood, but contextually only makes 
sense from each individual perspective. 
Under close examination within mus-
culoskeletal physical therapy practice, 
motor control is a complex, broad, and 
ambiguous concept. This is likely due to 
the contributions of the varied fields that 
draw together to help with the manage-
ment of patients with musculoskeletal 
conditions. Complex questions, such as 
whether pain is a cause or a consequence 
of altered adaptive or maladaptive motor 
control strategies, still pervade the mus-
culoskeletal literature and influence mo-
tor control treatment approaches.

The purpose of this Viewpoint is 
to outline the history of motor control 

and its use in musculoskeletal physical 
therapy practice and to highlight the 
consequences of its interpretation and 
variation in its use. Attention is given to 
understanding the concept of motor con-
trol and its misrepresentation through 
the use of surrogate terms. A number of 
comparable definitions are cited in the 
literature; however, this ambiguity has 
given rise to surrogate terms, such as neu-
romuscular control, neuromotor control, 
and core stability, which may cause con-
fusion in clinical practice, education, and 
research. How the concept of motor con-
trol may be applied in practice to resolve 
ambiguity and recommendations for the 
direction of future research are made.

Motor Control in Musculoskeletal Practice
Motor control theories and principles, 
including motor learning, have emerged 
to promote health, well-being, physical 
performance, and development within 
musculoskeletal practice. Motor control 

has been broadly described as “an area of 
science exploring how the nervous sys-
tem interacts with the rest of the body 
and the environment in order to produce 
purposeful, coordinated movement.”15 
However, the origins of motor control 
exercises in physical therapy low back 
pain literature paint a slightly different 
picture. The field of clinical biomechan-
ics has dominated the low back pain lit-
erature since the late 1970s, when White 
and Panjabi’s30 work led to a number 
of assumptions that still appear to ex-
ist today. During this time, the focus of 
understanding low back pain was on the 
structural integrity of the spine with re-
spect to its stability and function, using in 
vitro models that suggested that the spine 
was inherently unstable.23 As a conse-
quence, therapeutic strategies to enhance 
the stability of the spine and the ability of 
the spine to adapt under physiologic load 
emerged as a focus of motor control strat-
egies. These were subsequently applied to 
other areas of the body.

Motor Control: A Broad, Complex Concept 
From a Biomechanical Frame of Reference
Panjabi’s23 model of spinal stability, the 
most cited antecedent model, is based 
on the theoretical interactions between 
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and when does a movement exercise 
become a motor control exercise?

3. If motor control exercises constrain 
aspects of specific movement strate-
gies (eg, control), do they run the risk 
of facilitating poorer outcomes such as 
fear avoidance?28

Conceptual Clarification
One way to understand motor control 
is to examine it at a conceptual level. 
Concepts have been described as the 
building blocks of theory3 and theory de-
velopment,18 and are embedded through 
our use of language and how we clini-
cally practice. Concepts that are vague 
or not well understood have the poten-
tial of creating ambiguity, with unfore-
seen consequences that may negatively 
impact knowledge translation, patient-
centered care, clinical education, and, 
ultimately, patient-related outcomes. It 
is therefore advantageous that both the 
development and clarification of con-
cepts within the evidence base facilitate a 
richer understanding and, therefore, ap-
plication of them. Ironically, despite the 
implicit importance of conceptual clarity 
in fields of research and clinical practice, 

program with respect to load and move-
ment within safe environments among 
a myriad of contextually nonspecific 
factors. Such approaches lack the cog-
nitive, behavioral, emotional, lifestyle, 
cultural, and contextual understanding 
that whole-person approaches to health 
care espouse.22 This is despite greater 
theoretical and explanatory models su-
perseding the biomechanical stability 
model, such as pain adaptation theory,12 
movement variability,19 and development 
of first-person neuroscience in the con-
text of pain.29

Variation of the Clinical Application  
of Motor Control in Musculoskeletal 
Clinical Practice
Many clinical approaches developed 
from different theoretical models, prem-
ises, and measurements have used motor 
control treatment strategies for musculo-
skeletal conditions (TABLE). This raises the 
following questions:
1. When describing a patient as having 

“altered” or “poor” motor control, what 
does that mean and in what context?

2. When therapists describe motor con-
trol exercises, what does that mean 

active (muscular) and passive (articu-
lar/ligamentous) stabilizers through a 
control (nervous) system to meet the de-
mands of spinal stability, with a distinct 
lack of theoretical linking between them.

This spinal-stability model suggests 
that causes of symptoms are due to bio-
mechanical instability, tissue damage, or 
structural change and are not in keeping 
with a contemporary understanding of 
musculoskeletal practice that values a 
multidimensional perspective.22 Panjabi’s 
model23 draws from Anders Bergmark’s2 
influential biomechanical theory, which 
delineated the function of the deep and 
superficial muscles of the body as being 
distinctively different and potentially rel-
evant in clinical practice. The combina-
tion of models contributed to the rise of 
motor control strategies to theoretically 
improve painful conditions by isolating 
movement strategies to target muscles 
that may contribute to instability. These 
motor control strategies have been linear-
ly described as the rehabilitation strategy 
to retrain the deep stability muscles, with 
the vague notion of progressing to larger 
and more functional movements. This 
may, in fact, be simply a graded exposure 

 

TABLE
Examples of the Use of the Concept of Motor Control  

Within Musculoskeletal Physical Therapy Practice

Study Antecedent Theory Premise Measurement of Motor Control Patient Group

Janda13 Muscle imbalance theory Muscle length and tension relationships to 
posture, muscle activity, and function

Muscle length tests and clinical observa-
tions of static postures and dynamic 
movements

Whole body

Richardson and Jull24 Bergmark’s2 biomechanical principles (dif-
ferentiation between deep and superficial 
muscles)

Inhibition of deep stabilizing muscles and 
overactive superficial muscles cause 
aberrant load and tissue sensitivity

Pressure gauge biofeedback while 
completing an isometric contraction of 
the lumbar spine, later applied to the 
craniocervical neck flexion test

Low back pain and, 
later, neck pain

Sahrmann27 Kinesiopathological model Abnormal movement variation leading to 
pathological tissue changes

Movement impairment clinical tests using 
postural, static muscle length, and 
dynamic movement tests

Whole body

O’Sullivan20 Biopsychosocial model and Panjabi23 model 
of spinal stability

Adaptive and maladaptive motor patterns 
classified into direction-specific control 
impairment classification

Clinical examination and history taking to 
determine adaptive versus maladaptive 
movement behaviors

Low back pain

McGill16 Clinical biomechanical movement and 
loading principles

Load, shear, and movement intolerances Provocative tests used to evaluate current 
tolerances to load and capacity

Low back pain

Hides and Stanton9 Panjabi23 model of spinal stability and 
Bergmark’s2 biomechanical principles 
(differentiation between deep and 
superficial muscles)

Repetitive dominance of limb causing asym-
metrical trunk muscular hypertrophy, 
altering force production, active and 
passive stability, and subsequent injury

Cross-sectional area and symmetry of 
deep abdominal muscles as visualized 
with magnetic resonance imaging or 
ultrasound in the clinic

Low back pain and 
lower extremity 
injury31
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there is still debate among philosophers 
and researchers regarding the definition 
and function that underpin the concepts 
themselves.25

Future work with regard to concep-
tual analysis and Delphi studies on the 
concept of motor control as used in mus-
culoskeletal practice may provide further 
insight to address these concerns.

The Language of Motor Control: 
Core Stability—a Source of Confusion 
and Potential Deleterious Outcome
The surrogate terms of a concept can 
cause a lack of clarity and confusion if 
they depart significantly from the con-
cept’s linguistic use and meaning.5 Neuro-
muscular control and neuromotor control 
contain similar linguistic characteristics 
in that they refer to the nervous and 
muscular systems alongside the control 
of movement. However, the term core sta-
bility lacks a clear linguistic relationship 
with movement. The term core stability 
emerged through the use of stabilization 
exercises of the trunk. The use of stabi-
lization exercises in this context has ex-
clusively been identified from within the 
musculoskeletal literature in the man-
agement of low back pain.10,11

McNeill17 cautioned against using the 
term core stability, as it was “imprecise 
and open to interpretation,” and went 
on to describe core stability as a subset 
of motor control, suggesting that it re-
quired further clarity and perhaps should 
be abandoned. O’Sullivan21 is critical of 
both the terms stabilization and core sta-
bility with respect to the management of 
chronic nonspecific low back pain, stat-
ing that the biomedical explanation of 
lack of stability of the spine may cause 
“fear, abnormal body focus and reinforc-
es pain-related movement and avoidance 
behaviours, hypervigilance, catastrophis-
ing, pain and disability fuelling the vi-
cious cycle of pain.” If this were the case 
with spine-related pain, then it would be 
reasonable to suggest the same in periph-
eral joint regions, as discussed eloquently 
by Jull.14 Additionally, the relationship 
between the use of language, a person’s 

understanding, and subsequent meaning 
in the literature appears to be very clear. 
Language can indeed have a harmful ef-
fect, as studies have identified deleterious 
consequences in patients experiencing 
musculoskeletal pain.1,4,6,7

Interpretation From Research  
Into the Clinic: Lessons Learned?
The research literature has a tendency 
to measure aspects of the concept of mo-
tor control and then to conclude that, if 
any effect is found, then it is due to the 
concept itself rather than a change in the 
attribute. Numerous examples identify 
attributes of motor control, such as mus-
cle force production, muscle timing, and 
joint position sense, then identify an out-
come after an intervention. The observed 
outcome is then ambiguously reported as 
being a change in motor control rather 
than simply a change in the attribute, 
such as valgus during a single-leg squat 
motion or reduced movement variabil-
ity. An example is the seminal paper by 
Hodges and Richardson,11 which report-
ed that relative delays in the measure-
ments of transversus abdominis muscle 
contraction occurred in individuals with 
low back pain when lifting an arm re-
peatedly. The conclusion of the paper 
was that this indicated a “deficit of mo-
tor control” and that it was “hypothesised 
to result in inefficient stabilisation of the 
spine.” The unforeseen consequences 
are that such descriptions are then ob-
served in clinical practice, both concep-
tually and literally. Looking back, efforts 
in clinical practice became more about 
attempting to feel and retrain the con-
traction of the deep abdominal muscles, 
which took precedence over other areas 
of clinical practice when treating these 
groups of patients.

The use of the term motor control 
within practice is often used in a specific 
way (eg, knee valgus or hip internal ro-
tation during a step-down task), but is 
described broadly as a poor motor con-
trol strategy; describing the movement 
strategy rather than the vague term mo-
tor control could simply ameliorate this. 

Perhaps it is of more value to describe the 
changes in the attribute, or set of attri-
butes, of movement than to suggest that 
motor control itself changes. This prac-
tical approach may improve knowledge 
translation and resolve ambiguity.

Developing New Theoretical Constructs
With developments in cognitive and pain 
neuroscience and a greater understand-
ing of the complexities involved between 
pain and rehabilitation, the physical 
therapy profession may benefit from its 
continued vigilance against biomedical 
oversimplifications. The future applica-
tions of motor control require a broad 
and integrated representation of theo-
retical constructs that outline multiple 
mechanisms, consequences, and altera-
tions in movement function in relation to 
the context of pain and suffering, with a 
fusion of biological, biographical, psycho-
logical, social, and cultural paradigms.

Promising theories from cognitive 
neuroscience may solve some of the chal-
lenges of motor control by stepping away 
from traditional concepts of input, out-
put, feed forward, optimum, and com-
parator modeling and toward predictive 
coding8 under a unifying theory of bio-
logical function.

Key Points
• Motor control has enormous poten-

tial for developing our understand-
ing of the assessment, treatment, and 
management of the patients in our 
care. However, a significant amount 
of work is required to develop our 
understanding at the conceptual level 
to inform further research and imple-
mentation in clinical practice.

• Concepts in musculoskeletal practice 
that are vague run the risk of unre-
solved ambiguity in language and our 
collective understanding. The concept 
of motor control suffers from ambigu-
ity due to its size and scope, and may 
benefit from future analysis and com-
pletion of a Delphi study within the 
context of musculoskeletal physical 
therapy practice.
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• In the meantime, being explicit when 

describing movement strategies 
through defining their attributes is 
likely to reduce ambiguity and im-
prove understanding in clinical prac-
tice, education, and research. t

REFERENCES

 1.   Barker KL, Reid M, Minns Lowe CJ. Divided 
by a lack of common language? - A qualita-
tive study exploring the use of language by 
health professionals treating back pain. BMC 
Musculoskelet Disord. 2009;10:123. https://doi.
org/10.1186/1471-2474-10-123

 2.   Bergmark A. Stability of the lumbar spine. A 
study in mechanical engineering. Acta Orthop 
Scand Suppl. 1989;230:1-54. https://doi.
org/10.3109/17453678909154177

 3.   Chinn PL, Kramer MK. Theory and Nursing: A 
Systematic Approach. St Louis, MO: Mosby; 1983.

 4.   Coudeyre E, Rannou F, Tubach F, et al. General 
practitioners’ fear-avoidance beliefs influence 
their management of patients with low back 
pain. Pain. 2006;124:330-337. https://doi.
org/10.1016/j.pain.2006.05.003

 5.   Cronin P, Ryan F, Coughlan M. Concept 
analysis in healthcare research. Int J Ther Re-
habil. 2010;17:62-68. https://doi.org/10.12968/
ijtr.2010.17.2.46331

 6.   Cuff A, Littlewood C. Subacromial impingement 
syndrome – what does this mean to and for the 
patient? A qualitative study. Musculoskelet Sci 
Pract. 2018;33:24-28. https://doi.org/10.1016/j.
msksp.2017.10.008

 7.   Darlow B, Dowell A, Baxter GD, Mathieson F, Perry 
M, Dean S. The enduring impact of what clini-
cians say to people with low back pain. Ann Fam 
Med. 2013;11:527-534. https://doi.org/10.1370/
afm.1518

 8.   Friston K. What is optimal about motor con-
trol? Neuron. 2011;72:488-498. https://doi.
org/10.1016/j.neuron.2011.10.018

 9.   Hides J, Stanton W. Muscle imbalance among 

elite Australian rules football players: a lon-
gitudinal study of changes in trunk muscle 
size. J Athl Train. 2012;47:314-319. https://doi.
org/10.4085/1062-6050-47.3.03

 10.   Hodges PW. Core stability exercise in 
chronic low back pain. Orthop Clin North Am. 
2003;34:245-254. https://doi.org/10.1016/
S0030-5898(03)00003-8

 11.   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;21:2640-2650.

 12.   Hodges PW, Tucker K. Moving differently in 
pain: a new theory to explain the adaptation 
to pain. Pain. 2011;152:S90-S98. https://doi.
org/10.1016/j.pain.2010.10.020

 13.   Janda V. Evaluation of muscular imbalance. In: 
Liebenson C, ed. Rehabilitation of the Spine: A 
Practitioner’s Manual. Baltimore, MD: Williams & 
Wilkins; 1996:97-112.

 14.   Jull G. Discord between approaches to spinal 
and extremity disorders: is it logical? J Orthop 
Sports Phys Ther. 2016;46:938-941. https://doi.
org/10.2519/jospt.2016.0610

 15.   Latash ML. Fundamentals of Motor Control. Lon-
don, UK: Elsevier/Academic Press; 2012.

 16.   McGill SM. Low Back Disorders: Evidence-Based 
Prevention and Rehabilitation. Champaign, IL: 
Human Kinetics; 2002.

 17.   McNeill W. Core stability is a subset of motor con-
trol. J Bodyw Mov Ther. 2010;14:80-83. https://
doi.org/10.1016/j.jbmt.2009.10.001

 18.   Morse JM, Hupcey JE, Mitcham C, Lenz ER. 
Concept analysis in nursing research: a critical 
appraisal. Sch Inq Nurs Pract. 1996;10:253-277.

 19.   Moseley GL, Hodges PW. Reduced variability of 
postural strategy prevents normalization of motor 
changes induced by back pain: a risk factor for 
chronic trouble? Behav Neurosci. 2006;120:474-
476. https://doi.org/10.1037/0735-7044.120.2.474

 20.   O’Sullivan P. Diagnosis and classification of 
chronic low back pain disorders: maladaptive 
movement and motor control impairments as 
underlying mechanism. Man Ther. 2005;10:242-
255. https://doi.org/10.1016/j.math.2005.07.001

 21.   O’Sullivan P. It’s time for change with the man-
agement of non-specific chronic low back pain. 
Br J Sports Med. 2012;46:224-227. https://doi.
org/10.1136/bjsm.2010.081638

 22.   O’Sullivan P, Caneiro JP, O’Keeffe M, O’Sullivan K. 
Unraveling the complexity of low back pain. J Or-
thop Sports Phys Ther. 2016;46:932-937. https://
doi.org/10.2519/jospt.2016.0609

 23.   Panjabi MM. The stabilizing system of 
the spine. Part I. Function, dysfunction, 
adaptation, and enhancement. J Spi-
nal Disord. 1992;5:383-389. https://doi.
org/10.1097/00002517-199212000-00001

 24.   Richardson CA, Jull GA. Muscle control–pain 
control. What exercises would you prescribe? 
Man Ther. 1995;1:2-10. https://doi.org/10.1054/
math.1995.0243

 25.   Rodgers BL, Knafl KA. Concept Development in 
Nursing: Foundations, Techniques, and Applica-
tions. Philadelphia, PA: W.B. Saunders; 2000.

 26.   Rosenbaum DA. Human Motor Control. 2nd ed. 
London, UK: Elsevier/Academic Press; 2010.

 27.   Sahrmann SA. Diagnosis and Treatment of Move-
ment Impairment Syndromes. St Louis, MO: 
Mosby; 2001.

 28.   Smith BE, Littlewood C, May S. An update of 
stabilisation exercises for low back pain: a 
systematic review with meta-analysis. BMC 
Musculoskelet Disord. 2014;15:416. https://doi.
org/10.1186/1471-2474-15-416

 29.   Thacker MA, Moseley GL. First-person neurosci-
ence and the understanding of pain. Med J Aust. 
2012;196:410-411. https://doi.org/10.5694/
mja12.10468

 30.   White AA, Panjabi MM. Clinical Biomechanics of 
the Spine. 2nd ed. Philadelphia, PA: J.B. Lippin-
cott; 1978.

 31.   Willson JD, Dougherty CP, Ireland ML, Davis 
IM. Core stability and its relationship to lower 
extremity function and injury. J Am Acad Orthop 
Surg. 2005;13:316-325.

@ MORE INFORMATION
WWW.JOSPT.ORG


