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Physical rehabilitation research and pain science

sterling, Michele?; Keefe, Francis .°

Author Information® 1. Introduction

PAIN: November 2021 - Volume 162 - Issue 11 - p 2621-2624  There is growing recognition of the important contributions that physical rehabilitation

doi: 10.1097/].pain.0000000000002326 research can make in our understanding and ability to treat pain. In light of the burgeoning
research in this area, PAIN has recently added a new Section Editor (coauthor: M.S.) to our
Clinical Section; Dr. Sterling's specific focus will be on research articles in the pain
rehabilitation area. This new effort in our Clinical Section is in recognition of the increasingly
important that role physical rehabilitation science plays in pain research.
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Modifications qualitatives et quantitatives de la facon de bouger

Review

Moving differently in pain: A new theory to explain the adaptation to pain TI me to Ref | eCt 0 n the ROle Of
Paul W. Hodges *, Kylie Tuck I "
Thil:'luivershy ofc:)_ufiil:nd, feii:r])zr fl::ia!:;mrch Excellence in Spinal Pain, Injury and Health, Brishbane Qld 4072, Australia I)AIN'D M Ot 0 r C O n t ro | I n L O W B a C k P a | n

People move differently in pain. Although this statement is
unquestioned, the underlying mechanisms are surprisingly poorly
understood. Existing theories are relatively simplistic, and
although their predictions are consistent with a range of experi-
mental and clinical observations, there are many observations that
cannot be adequately explained. New theories are required. Here,
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Towards a dynamic account of chronic pain
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3.2. Changes in motor control during pain are not always stereotypical
or predictable

Existing theories predict relatively stereotypical change in
whole-muscle behaviour, but this has not been observed, and var-
iable patterns of adaptation are identified in clinical populations
and in response to experimental pain (e.g., [35,99]). Although some
aspects of the motor adaptation to pain are consistent between
individuals (e.g., [36,37,50]). changes in behaviour of other muscles
are unique to the individual and possibly to the task [36,99]. This is
most common in complex systems such as the trunk, where the
muscle system has considerable redundancy [multiple muscles
achieve a similar goal) [35,99]), and jaw |63,74], where there is

complex muscle anatomy [26]. New theories must account for 4. New theory for the motor adaptation to pain
the variability.

A theory to explain the adaptation to pain must account for
each issue highlighted above, particularly the variability between

Pain/injury or threat of individuals and tasks. We propose a new theory based on existing
pain/injury data at the micro (motoneuron discharge) and macro (whole-mus-
cle behaviour) levels. The theory has 5 key elements that expand
anges at multiple levels Redistribution of activity . - . - . fop s
5 s vl el within & betwsen muscles 4.1. Pain leads to redistribution of activity within and between muscles
|
i 4.2. Adaptation to pain changes mechanical behaviour
Changes in mechanical
'@m@' behaviour 4.3. Adaptation to pain leads to protection from pain or injury, or
l threatened pain or injury
A stiffness Modiﬁe_d d_irec_tiona’load ) ) )
l distribuion 4.4. Adaptation to pain involves changes at multiple levels of the motor
system
Short term benefi Long term consequences 4.5. Adaptation to pain has short-term benefit, but with potential long-
l 1 term consequences
Protection of the  load
injured/painful part J movement
4 variability
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___ Complexity of moverment dynamics is one typical feature of final
motor output, representing the integration of these interactions, '
at a biomechanical and neurclogical level, from peripheral to
central regulations.” Loss of complexity can be associated with a
reduction of degrees of freedom in the system, thereby resulting
in reduced adaptive capacities, and has been found to be related
to senescence or pathological conditions.**”" On the one hand,
such loss can result from a loss of components and/or loss of
interactions between components of the system.™ On the other
hand, loss of complexity is also found when a component or
systemn process becomes dominant, eg, when environmental
constraints force the attentional prioritization of one source of
feedback over the others.”™™ In the context of pain-related
movement and especially cLBP, a reduction of complexity could

thus basically be interpreted as a reduction in movement degrees However, evidence is scarce as to the mechanisms driving these
of frEedDrrlw, either asa FESLI.H of ldisl-: degemrﬁicn or rbeurclmuls— changes,® especially in ecological contexts. The finding that
cular modifications (frunk stiffening and reduction of lumbopelvic g 4| distraction leads to improved structural variabiity of gait
relative movements™) or as a result of the prominence of pattern in cLBP emphasizes the relationship between motor
attentional resources allocated to pain processing and to fear of control and cognitive and behavioral processes, known to be
pain.** distorted in cLBP in clinical settings.’™ Especially, our results

This result has clinical implications at several levels. Indeed,
motor control changes associated with cLBP and their long-term
negative consequences have been extensively described.™

Objectif : utiliser 'approche des systemes complexes pour explorer
la relation entre douleur lombaire et mouvement

Université de Montpellier

Facurte
i) MEDECINE
doil Montpellier-Nimes

Projet de thése de sciences — Sciences du Mouvement Humain — Alexis Homs




— Etude n°1

Etude prospective sur I’évolution de la complexité
dans les suites d’une chirurgie lombaire

Chirurgie d’arthrodese => perte de degrés de liberté

Cette perte de DDL < perte de capacités d’adaptation ?

Hypothese : Lintervention chirurgicale entraine une amélioration
de la complexité des patients lombalgiques
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— Etude n°2

Le fait d'imposer une stratégie de guarding induit-il
une perte de complexité chez les sujets sains ?

Guarding = attitude de protection

Rigidification du mouvement

Hypothese : Le fait d'imposer une stratégie de guarding induit une diminution
de la complexité des sujets sains
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— Etude n°3

Relation entre kinésiophobie et parametres non-linéaires de la marche des patients
lombalgiques chroniques en situation écologique
a l'aide d’une approche d’apprentissage automatique

Kinésiophobie : notion trés imagée cliniqguement / peu de données en vie réelle

Identifier ces patients clairement => stratégies thérapeutiques différentes

Hypothese : Il est possible de différencier les patients lombalgiques K+ des K-
par 'analyse de leur pattern de marche
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Fig. 1. The data precessing and analyzis: (a) raw data segmentation, (b) walking bouts extraction, (¢ gait outcome vectors, (d) training and testing data preparation,
(=) Random Forest classifier, (f) accuracy evaluation, (g) feature importanes.
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The ROC and AUC for Random Forest classifier
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Fig. 3. Claszification results for Random Forest, and the mean accuracy was 84.4%. CLBP-, CLBP+ Patients with chronic low back pain with lower () and higher
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Fig. 4. The receiver operating characteristic (ROC) curve (in red) for Random Forest classifier. AUC: area under the curve.
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Feature Importance
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Fig. 5. Features importance of Random Forest clas-
sifier. The 10 gait outcomes above the red line are:
index of harmonicity in vertical direction (IH-V),
variability of stride frequency in mediolateral/ante-
roposterior direction (SF variability-ML/AP), stride
regularity in mediolateral direction (SR-ML),
Maximal Lyapunov exponent in vertical/medio-
lateral direction (Max LyE-V/ML), sample entropy in
anteroposterior direction (Sen-AP), Max LyE-V:
Maximal Lyapunov exponent per stride in vertical
direction, harmonic ratio in mediolateral direction
(HR-ML) and wariability of stride length (SL wvari-
ability). The remaining gait outcomes below the red
line are: WS variability: variability of walking speed,
[H-ML: index of harmonicity in mediolateral direc-
tion, WS: mean walking speed and SL: mean stride
length. ABS: absolute value. SHAP: SHapley Additive
exPlanations.

comes. Dots show the individuals data.
CLBP-, CLBP+: Patients with chronic low
back pain with low (—) and high (+) CS
levels. IH-V: index of harmonicity in vertical
direction, SF wvariability-ML/AP: variability
of swide frequency in mediolateral/ante-
roposterior direction, SR-ML: stride regular-
ity in mediolarteral direction, Max LyE-V/ML:
Maximal Lyapunov exponent in vertical/
mediolateral direction, Sen-AP: sample en-
tropy in anteroposterior direction and HR-

H-V SF Variability-ML SRML Max LyE-Y  SF Variability-AP

ML: harmonic ratic in mediolateral
direction.
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