NEUROLOGIC MUSIC  THERAPY			         SCIENCE AND CLINICAL IMPLEMENTATIONS








The NMT-SIG will hopefully play a critical role in further developing and shaping  Neurologic Music Therapy (NMT) as an effective contributor to neurologic rehabilitation , i.e., to broaden and refine its applications, to strengthen its research base, and to enlarge the pool of clinicians who can deliver NMT techniques across disciplines. As SIG-Chair I want to invite contributions to this process by a broad variety of means such as through interdisciplinary discourse, discussion and exchange of ideas, special meetings, and facilitation of clinical and research initiatives. The following overview is intended to provide a quick context for our work. 








HISTORICAL BACKGROUND





The belief that music has a therapeutic effect on the mind and body is an ancient concept  present in all human cultures. Aspects of such concepts have begun to be examined recently in scientific studies. In the past 50 years, some forms of music therapy have gained acceptance for behavioral problems, based on social science concepts of music’s influence and role in human life and society. Therapeutic meaning in music is generally defined in such concepts by music’s cultural role in facilitating social learning and ‘well-being’ via emotional experiences. However, within such framework  music therapy has made little progress into the mainstream of evidence-based health care.





More recently the growing adaptation of brain research methods to the study of music cognition and perception has encouraged research into biomedical applications of music. New findings suggest that music can stimulate complex cognitive, affective, and sensorimotor processes in the brain, whose functions can be generalized and transferred to non-musical therapeutic purposes. Biomedical research in music concentrates, among others, on motor therapy, speech and language therapy, pain management, and cognitive rehabilitation in areas such as memory, executive function, and attention. A continuously expanding data base of research  is beginning to move neurologic music therapy to the status of an evidence-based treatment modality. 





Rhythmic entrainment of motor function can actively facilitate the recovery of movement in neurological patients with stroke, Parkinson’s disease, cerebral palsy, or traumatic brain injury. Rhythmic sounds act as  ‘sensory timers’ entraining brain mechanisms controlling the timing, sequencing, and coordination of movement. Recovery of speech functions can be facilitated with music, exploiting strong timing mechanisms in music as well as differential and shared brain circuitries for music and speech. The shared parameters of vocal production between speech and singing also can be accessed to facilitate speech training in rehabilitation. Furthermore, the common communication  components of signs and symbols as forms of meaningful expression in music and language can be used to support language development and the recovery of communication functions. A small body of research suggests music may facilitate perception and organization of behavior in autistic children. The use of music in pain therapy has been widely reported although the actual effectiveness and potential mechanisms underlying the effect of music on pain are not clear. New biomedical frontiers in music research include the effect on the critical aspects of timing in learning, attention, executive function, and memory. 





CURRENT ORGANIZATIONAL EFFORTS


Efforts are underway to standardize the current neuroscientific applications of music in therapy. NMT implementations are currently described in 20 techniques which are supported by research data. The strongest evidence base to-date is found in sensorimotor rehabilitation, however, emerging research in cognitive and speech/language rehabilitation show promising avenues as well.


 


NMT is best delivered by clinicians with special training in NMT. However, several clinical techniques without complex musical components (e.g., RAS, MIT) can also be competently delivered by other rehabilitation specialists. Ideally, NMT-therapists bring their special expertise into a multidisciplinary rehabilitation team that works in a patient-centered (rather than discipline-centered) treatment concept. NMT started at Colorado State University and in research collaborations with other institutions, such as Duesseldorf University Medical School and Santa Lucia Research Center and Hospital in Rome/Italy. NMT is taught in several universities in the United States. Special techniques  are also taught  in training programs in other disciplines. New educational initiatives are being explored in Europe, Japan, and Korea.   





THEORETICAL BASIS IN NEUROMUSICOLOGY


When one studies the neurobiological basis of musical behavior  (perception, cognition, performance), one studies reciprocally the influence of music on brain function. In other words, the brain that engages in music is changed by engaging in music. The evidence for brain plasticity and experience-based reorganization of cortical networks through learning and training has opened important avenues to understand the influence of music and rhythm on reshaping brain function. 





The current scientific NMT model searches for the therapeutic effect of music by studying if and how music stimulates and engages parallel or shared brain function in cognition, speech, motor control, and emotion in music and outside of music. For example, rhythmicity is a universal function in the control of movement that can be effectively accessed and regulated with rhythm in patients with movement disorders. Temporal organization and appropriate arousal are universally important functions in perception, attention, memory, or executive function, which can be modulated by music in patients with cognitive deficits. Appropriate emotional experience may be facilitated by music as an ‘aesthetic language’ with high affective salience. 





RESEARCH FOUNDATIONS


One of the most important discoveries for the use of music in rehabilitation was the profound effect of music and rhythm on the motor system. Sound can arouse and raise the excitability of spinal motor neurons mediated by auditory-motor neuronal connections on the brain stem and spinal cord level. This priming effect sets the motor system in a state of readiness facilitating the execution of planned movement. Furthermore, rhythmic sounds also entrain the timing of muscle activity, thereby cueing the timing of movements and enhancing neuromuscular coordination. Important results for the therapeutic understanding of rhythm have also come from rhythmic synchronization studies. Auditory rhythms entrain tightly coupled motor responses rapidly with high temporal precision. Rhythm processing in the brain is based on interval perception which generates a critical system of continuous time reference for motor planning to which the motor system has access at levels even below conscious perception. Data from brain imaging show that the brain networks subserving rhythmic synchronization are widely distributed cortically and subcortically . 





Research for understanding music’s role in speech and  language rehabilitation comes from several angles. First, the pathways for speech and singing are partially segregated, allowing for differential access of intact pathways for speech production via singing, e.g., in expressive aphasia. Second, research has shown the beneficial effect of rhythmic stimulation on speech training in dysarthria, apraxia, and fluency disorders. A third angle is provided by the common elements in acoustics as a well as neuroanatomical production systems between speech and singing. Musical vocalization to strengthen articulation and intelligibility, respiratory function, and voice control have been demonstrated in research. Finally, music and speech-based language share important elements of an aural communication system that can express meaning through its communication signs/symbols verbally and nonverbally.          





In cognitive rehabilitation, the critical understanding for music’s role is as a complex  ‘language’ system of cognition and perception. Studies have shown that musical stimulation can help to ameliorate visual neglect syndrome, that musical memory in dementia can facilitate access to verbal and autobiographical memory, or that musical mnemonics can facilitate memory function. Current models suggest that cognitive functions have critical temporal structures that music and rhythm – in analogy to motor function - can access, modulate, and shape. New data show that musical exercises can also effectively train executive functions, such as reasoning, organization, problem solving, decision making, etc. One of the most interesting new research directions looks at the effect that musical timing may have on the underlying neurobiology of learning, how music as a highly time ordered template due to the intrinsic temporality in its pattern structure may entrain synchronized neuronal network ensembles required for effective encoding. 





For a comprehensive database on clinical and basic science research related to music, check on ‘references’ at ‘www.colostate.edu/depts./cbrm’. 
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