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    Pain serves as a protective mechanism that leads to changes in movement.1,2 For more than 116 million Americans with chronic pain, however, the pain experience persists beyond a normal, protective phase and develops into a chronic, disabling disease.3 Altered movement may be appropriate in early protective phases, but, if maintained, this altered movement can contribute to poor recovery, continued disability, and decreased quality of life. The Institute of Medicine identifies chronic pain as a nervous system disease and a high-priority societal health concern.3 However, current management of this disease and its complications, such as movement impairments and subsequent reductions in function, is inadequate.3 The Institute of Medicine has called for the health care community to transform its understanding of pain as a key step for improving prevention, treatment, and assessment of pain.3
The Institute of Medicine specifically highlighted the need for “wider use of existing knowledge” as a main objective for transforming our understanding of pain.3 One way to meet this objective is to integrate existing knowledge into a comprehensive model that considers pain to be a dynamic, multifactorial experience that includes a movement component. Although researchers have extensively studied the sensory, psychological, and motor factors related to pain, they often have studied these factors separately or in limited combinations. Isolated investigation of these factors limits the advancement of our understanding of how pain impairs movement and how pain symptoms can cascade into a disabling disease process. Integrated study of sensory, psychological, and motor factors as primary drivers of the pain experience is needed to help establish the collective impact of pain processing on movement and recovery.
The purpose of this point of view is to introduce a conceptual model for studying pain with movement. First, we present a historical overview identifying existing bodies of knowledge that should be integrated in order to consider pain as a nervous system disease. Second, we propose a model for integrating pain with movement, which links nervous system processing with movement changes and recovery. This conceptual model will guide future studies that may transform our understanding of how pain is interrelated with movement and may potentially lead to the development of innovative evidence-based treatments that will optimize patient outcomes.
Historical Overview
The individual study of nociception and motor control has resulted in mostly separate bodies of evidence describing the complexity and mechanisms of both pain and movement. Therefore, the study of pain and movement, although existent in the literature, is the exception and not the norm. Historically, these areas of study developed in similar directions, and they demonstrate common themes of advancement (Fig. 1). Early explanations of nociception and motor control portrayed the nervous system as acting in a uniform or predictable manner. As evidence of nervous system complexity grew, contemporary explanations described more dynamic processes of nociception and motor control. Researchers now recognize nervous system responses as variable within and across individuals. These areas of study have reached a critical point in which it is necessary to integrate their bodies of evidence in order to advance the understanding of pain as a nervous system disease. The advantage of integrating pain with movement is that researchers will be able to utilize established evidence to inform future study design, hypotheses, and interpretation of findings. As outlined below, these areas of study together drive the development of a model for integrating pain with movement.
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Figure 1. Historical overview of current knowledge. The bottom 3 arrows represent key areas of research requiring integration into conceptual models that combine pain with movement. The top arrow represents the result of integration: a transformed understanding of pain. The circle represents the pattern of historical development from characterizing uniform nervous system responses (dark blue) to dynamic nervous system responses (light blue).



Nociception
Early research defined pain as nociception, which required a peripheral stimulus generator.4,5 A critical transition in this area of study was the delineation between nociception and the pain experience. Nociception remains defined as a peripheral stimulus, but pain has been defined as a complex experience that includes sensory and emotional responses.6,7 The pain experience is separate from nociception and can exist without a peripheral stimulus.8 Individualized sensory responses, cognitive perceptions, and psychological functions may result in variable pain experiences. Although contemporary pain theories6,7 acknowledge this complex, multidimensional experience, most theories have minimized, simplified, or excluded the motor components of the pain experience.

Motor Control
Early motor control research focused on short-term and latent motor reflexes in response to peripheral stimuli.9–12 Advancements in this area of research suggested central and peripheral mechanisms controlled single- and multiple-joint motions, but still depicted these motions as simple, uniform motor responses.9,13,14 Contemporary theories now recognize that multiple systems contribute to complex, functional movement, and they also acknowledge that movement is often adaptable and variable.9,15–21 Although motor control studies often focus on motor changes due to adaptation (eg, error-based learning) and feedback (eg, visual and proprioceptive),22–24 the motor implications of pain are underrepresented in the literature.

Pain and Movement
A smaller area of study examines the relationship between pain and movement. We acknowledge this overlap of nociception and motor control research; however, current perspectives, as well as studies of pain and movement, are underdeveloped. Similar to nociception and motor control research, early theories on the relationship between pain and movement largely described reflexive and uniform motor responses to a painful stimulus.25,26 Voluntary movement during experimentally induced pain episodes resulted in decreased agonist muscle activity and increased antagonist muscle activity.27,28 More recent theories and research suggest a dynamic relationship—motor responses to pain are variable within and between individuals.1,2,29–31 Protective pain responses may vary based on the context, such as the pain location, state of chronicity, or type of activity.30,31 Although contemporary theories indeed recognize variable motor responses to pain, they often do not account for the potential influence of pain-related sensory or psychological factors.


Integrated Model
Although evidence suggests that sensory, psychological, and motor processing factors are related to pain, their potential interactions and the influence of these interactions on movement also must be considered. Researchers rarely consider interactions of all 3 factors, thus restricting our knowledge of their collective effect on movement and recovery.
We propose a model for integrating pain with movement (Fig. 2) to advance our understanding of how pain—a nervous system disease—is interrelated with movement. Sensory, psychological, and motor factors are key components of brain and spinal cord processing of pain. Pain processing results in adaptation and feedback, the drivers of movement changes. Concurrent examination of sensory, psychological, and motor factors may provide insight into variability of movement within and between people experiencing pain. Movement changes that persist beyond their original protective stage may lead to changes in function and further affect recovery. Integration of pain-related processing factors with movement and recovery demonstrates alignment with the Institute of Medicine's definition of pain as a nervous system disease.3 Integration of this existing knowledge leads to a conceptual model that better characterizes the multidimensional pain experience.
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Figure 2. Model for integrating pain with movement. Yellow indicates nervous system processing. Blue indicates the results of adaptation and feedback. Gray shading indicates recovery spectrum.



Initial State
Nociception with tissue damage, or the threat of potential tissue damage, initiates the pain experience.8 A person's initial state may influence his or her pain experience—which includes, but is not limited to, the person's age, sex, gender role, genotype features, socioeconomic status, or education level. Although these factors may be important, they often are unmodifiable during a particular pain episode and, therefore, are not the primary focus of this model. Furthermore, in this model, the movement patterns that occur within the initial state (ie, movement that occurs when the individual is pain-free) are used as a comparison for individual recovery. Thus, the initial state factors may be more important when describing between-subject differences, but are not as essential to this model's framework when describing within-subject changes over time.

Nervous System Processing
Sensory, psychological, and motor factors interact with each other to influence the initial state. Not only are these important factors to consider in any nervous system disease, but each one demonstrates an established, unidimensional association with pain. For example, central sensitization,32 fear and catastrophizing,33,34 and altered neuromuscular activation31,35 are all associated with higher pain levels. Although these processes occur simultaneously, no single factor has shown a strong enough association to fully explain the variability of the pain experience. However, levels of sensitivity (sensory component), negative psychological functioning (psychological component), and motor excitability (motor component) together could have an interactive influence on adaptation and feedback, which then drive movement changes. Individual differences in multiple sensory, psychological, or motor factors and their interactions may explain individual variability in movement during an episode of pain.

Adaptation and Feedback
In this model, changes in motor activity or movement occur after nervous system processing. This is the first opportunity for individual adaptation in response to pain or to the threat of pain. Adaptation, as represented in this model, refers to a change in motor activity or movement patterns that were previously consistent with the initial state. Early changes in motor activity and movement are most likely responses meant to protect the individual from further injury. These changes can occur in a muscle, in a single joint, or across multiple joints, and they also may differ in magnitude (how much change occurs) and duration (how long the changes last). Once changes occur, feedback is sent back to the nervous system. This feedback can include numerous sensory signals, body awareness, or environmental features. Based on continued nervous system processing and further adaptation, initial movement changes may be facilitated, inhibited, or further altered.
Changes in movement are an important aspect of the pain experience, but these changes cannot be predicted by considering sensory, psychological, or motor factors in isolation. Furthermore, specific movement changes that result from interactive nervous system processing, adaptation, and feedback are still unknown. Immediate modulation of functional activities occurs following experimentally induced pain, providing evidence of short-term, protective responses to pain.31,36 Movement changes that are initially protective may persist due to continued pain, the type of injury, or functional necessity. Prolonged movement changes compared with movement in the initial state may suggest a long-term behavioral alteration that could directly perpetuate the pain experience. Although longitudinal studies have not been conducted to confirm this hypothesis, a continuous relationship among nervous system processing, feedback, and adaptation not only may contribute to individual differences in function and behavior but also may ultimately affect individual recovery.

Recovery
In this model, recovery is defined as return to movement patterns and function consistent with the initial state. Although short-term changes in movement often are necessary in a protective capacity, researchers now believe the persistence of altered movement is a key characteristic of chronic pain.1,2,37,38 We propose a spectrum of recovery that includes complete recovery, delayed recovery, or chronic behavioral changes. When all components of the model lead to continuation of typically short-term changes in movement, delayed recovery is more likely. If nervous system processing, adaptation, and feedback relationships promote persistence of these movement changes, chronic behavioral changes that prevent recovery may result. Thus, this model suggests that, even when a person is still experiencing pain, he or she has the ability to recover once movement consistent with the initial state is achieved.


Significance of Integrating Pain With Movement for Physical Therapists
The American Physical Therapy Association Vision Statement describes physical therapists as health care professionals who are “transforming society by optimizing movement to improve the human experience.”39 Understanding the interplay among pain-related nervous system processing, movement impairments, and recovery is necessary for physical therapists to reach their full potential as movement experts. The model for integrating pain with movement encourages physical therapists to view pain with movement as a complex, dynamic relationship. Physical therapists must learn to assess and treat pain with movement using rehabilitation approaches based on individual or subgroup differences in nervous system processing. Physical therapists' use of this integrated model will potentially accelerate its translation from theory to application in clinical practice. By embracing this integrated perspective, physical therapists will be better equipped to treat pain conditions, optimize recovery, and prevent pain-related disability.

General Significance of Integrating Pain With Movement
The model for integrating pain with movement provides a conceptual framework for future efforts to transform our understanding of pain.3 The model contains elements that have not been fully considered previously in the study of pain and movement. This model highlights the iterative nature of the pain experience, providing an explanation for the variability in movement, function, and recovery—pain affects movement, while movement further affects pain. In addition, the model incorporates recovery into the overall pain experience and aligns predictors of recovery with the current definition of pain as a nervous system disease.3 Finally, the framework of the model is designed to support interdisciplinary collaboration and promote translation of research findings into clinically useful pain management and rehabilitative strategies.

Summary
Researchers have studied pain-related sensory, psychological, and motor factors extensively, but often separately. Isolated investigation of these factors limits our understanding of how pain is interrelated with movement. The model for integrating pain with movement encourages an integrated research approach that emphasizes a dynamic relationship among nervous system pain processing, movement adaptations, and recovery. Future studies that utilize this integrated model will be better positioned to answer meaningful questions by using existing knowledge to transform our understanding of pain diseases.3 An integrated research approach is critical for developing appropriate risk assessment tools and comprehensive, long-term rehabilitative strategies for pain management, recovery of movement and function, and prevention of pain-related disability.
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