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LEARNING OBJECTIVES
• Discuss	
  trends	
  of	
  incidence/prevalence	
  of	
  injuries	
  found	
  among	
  

instrumental	
  musicians.
• Develop	
  a	
  clinical	
  understanding	
  of	
  altered	
  mechanics,	
  physiology	
  and	
  

sensitivity	
  of	
  the	
  nervous	
  system	
  as	
  a	
  source	
  of	
  upper	
  extremity	
  nerve	
  
entrapments

• Discuss,	
  compare	
  and	
  contrast	
  clinical	
  presentations,	
  differential	
  diagnosis	
  
and	
  interventions	
  of	
  peripheral	
  neuropathies.

• Be	
  able	
  to	
  apply	
  and	
  discuss	
  various	
  examination	
  and	
  treatment	
  
approaches	
  for	
  return	
  to	
  play	
  amongst	
  instrumental	
  musicians.

• Discuss	
  potential	
  treatment	
  interventions	
  that	
  are	
  functionally	
  applicable	
  
to	
  instrumental	
  musicians

PLAYING-RELATED INJURY
DEFINED

“Pain,	
  weakness,	
  lack	
  of	
  
control,	
  numbness,	
  tingling,	
  or	
  
other	
  symptoms	
  that	
  INTERFERE
with	
  [a	
  musician’s]	
  ability	
  to	
  
play	
  an	
  instrument	
  at	
  a	
  level	
  
that	
  he/she	
  is	
  accustomed	
  to.”

(Zaza,	
  et	
  al.	
  1998)

THE FIGURES
• MSK	
  -­‐33%	
  of	
  all	
  worker	
  injury	
  and	
  illness	
  
cases	
  (www.osha.gov -­‐ 2013)

• Musculoskeletal	
  Disorders,Workforce	
  
Health	
  and	
  Productivity	
  in	
  the	
  United	
  
States	
   -­‐ June,	
  2015	
  -­‐ Center	
  for	
  
Workforce	
  Health	
  and	
  Performance
• At	
  any	
  given	
  time	
  30%	
  American	
  
workforce	
  living	
  with	
  pain

• Lower	
  income	
  workers	
  sustain	
  greater	
  
injuries
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AUTHOR YEAR POPULATION STUDIED PREVALENCE
FISHBEIN M, ET AL 1988 2,212 Pro. Musicians 76%

BRAGGE P, ET AL 2006 Systematic review (52 studies) -
Pianists 26-93%

RANELLI S, ET AL 2008 731 School-aged children 67%

BRANDFONBRENER AG 2009 330 Uni. Students Males: 76%
Females: 81%

LEAVER R 2011 243 Pro. Musicians 86%

PAARUP HM, ET AL 2011 441 Pro. Musicians Males:  67%
Females: 97%

ACKERMAN B, ET AL 2012 377 Pro. Musicians 84%
STEINMETZ A, ET AL 2015 408 Pro. Musicians 89.5%

PREVALENCE OF INJURIES

?????

COMMON RISK FACTORS
• Gender
• Hand  Size
• Age
• Sedentary  Lifestyle
• Drugs/Alcohol
• Decreased  Muscle  

Conditioning

Fatigue

Adaptive Patterns

Injury Poor Technique

(Quarrier NF, 1993)

STRINGS

WOODWINDS BRASS
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PERCUSSION COMMON PATHOLOGIES

•Shoulder	
  Impingement
•Ligament	
  Sprain
•Tendinitis
•Arthritis
•Lateral	
  Epicondylitis

• Thoracic	
  Outlet	
  
Syndrome	
  (TOS)

•Ulnar	
  Neuropathy

•Carpal	
  Tunnel	
  Syndrome

•Cervical	
  Radiculopathy

Musculoskeletal	
  (64%) Neurologic	
  (20.2%)

Focal	
  Dystonia	
  /	
  Occupational	
  Cramp	
  (7.6%) (Lederman, 2003)

PREVALENCE
C/S T/S L/S Shoulder	
  (R/L) Elbow	
  (R/L) Wrist	
  (R/L)

Fishbein	
  (1988)
n=2,212 21% 16% 22% 20%	
  /	
  20% 10%	
  /	
  8% 10%	
  /	
  9%

Leaver	
  (2011)
n=243 56% N/A 51% 51% 21% 33%

Kok	
  (2013) 45.8% 19.3% 39.8% 30.1%	
  /	
  27.7% 2.4%	
  /	
  7.2% 16.9%	
  /	
  15.7%

Steinmetz	
  (2015)
n=408 72.8% 23.5% 50.7% 52.2%	
  /	
  55.1% 20.3%	
  /	
  16.9% 23.5%	
  /	
  55.1%

PREVALENCE: MUSICIAN
VS. GENERAL POPULATION

C/S Shoulder	
  (R/L)
Fishbein	
  (1988)

n=2,212 21% 20%	
  /	
  20%

Leaver	
  (2011)
n=243 56% 51%

Steinmetz	
  (2015)
n=408 72.8% 52.2%	
  /	
  55.1%

General	
  Pop. 5.9-­‐22.2*
(Fejer	
  R	
  2006)

6.9-­‐26%	
  *
(Luime	
  JJ	
  2004)

Adriaan Louw, PT, PhD

Combined Sections Meeting - San Antonio, TX 
February 15 – 18, 2017

Out of Tune: A Guide to Upper 
Extremity Nerve Entrapment 

Syndromes in Musicians
Normal and Abnormal Neurodynamics

Tissues

Environment

Gifford, L.S., Pain, the tissues 

and the nervous system.
Physiotherapy, 1998. 84: p. 27-
33.

The Body’s 
Alarm 

System
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MORE ACCURATELY… Lederman RJ. 
Peripheral Nerve 

D isorders in 
Instrum entalists. Ann 
Neurol. 1989;26:640-

646.
Storm  SA. Assessing 

the instrum entalist 
interface: 

m odifications, 
ergonom ics and 

m aintenance of play. 
Physical medicine and 
rehabilitation clin ics of 

North Am erica. Nov 
2006;17(4):893-903.
Bejjani FJ, Kaye GM , 

Benham M. 
M usculoskeletal and 

neuromuscular 
conditions of 
instrumental 

m usicians. Archives of 
physical medicine and 

rehabilitation. Apr 
1996;77(4):406-413.

Physical Properties of 
the Nervous System

Neurodynamics

Functional and 
Structural Changes in 

the CNS and Brain

Louw A. Treating the brain in chronic pain. In: C  
FdlP, J C , Dom m erholt J, eds. M anual Therapy 

for M usculoskeletal Pain Syndrom es. Vol 1. 
London: Churchill L ivingston; 2015.

Schm id AB, Nee RJ, Coppieters M W . 
Reappraising entrapm ent neuropathies--

m echanism s, diagnosis and m anagem ent. 
M anual therapy. Dec 2013;18(6):449-457.
Nee RJ, V icenzino B, Jull GA, C leland JA, 

Coppieters M W . Neural tissue m anagem ent 
provides immediate clin ically relevant benefits 
w ithout harm ful effects for patients w ith nerve-
related neck and arm  pain: a random ised trial. 

Journal of Physiotherapy. 2012;58(1):23-31.
Nee RJ, Butler D , S. M anagem ent of peripheral 

neuropathic pain: integrating neurobiology, 
neurodynam ics and clin ical evidence. Physical 

Therapy in Sport. 2006;7:36-49.
Flor H . The functional organization of the brain in 

chronic pain. In: Sandkühler J, Bromm B, 
Gebhart GF, eds. Progress in Brain Research, 

Vol 129. Amsterdam: Elsevier; 2000.
Flor H , E lbert T, M uhnickel W , Pantev C. Cortical 

reorganisation and phantom phenomena in 
congenital and traum atic upper-extrem ity 
amputees. Experimental Brain Research. 

1998;119:205-212.

NEUROBIOLOGICALLY AND
NEUROPHYSIOLOGICALLY…

1. Space
2. Movement
3. Blood

Louw A, M intken P, Puentedura L. Neuophysiologic Effects of Neural Mobilization Maneuvers. 
In: Fernandez-De_Las_Penas C, Arendt-N ielsen L, Gerw in RD, eds. Tension-type and 

Cervicogenic Headache . Boston: Jones and Bartlett; 2009:231-245.
Nee RJ, Butler D , S. M anagem ent of peripheral neuropathic pain: integrating neurobiology, 

neurodynam ics and clin ical evidence. Physical Therapy in Sport. 2006;7:36-49.

1. SPACE

Louw A, M intken P, Puentedura L. Neuophysiologic Effects of Neural Mobilization Maneuvers. In: Fernandez-De_Las_Penas C, Arendt-N ielsen L, 
Gerw in RD, eds. Tension-type and Cervicogenic Headache . Boston: Jones and Bartlett; 2009:231-245.

Nee RJ, Butler D , S. M anagem ent of peripheral neuropathic pain: integrating neurobiology, neurodynam ics and clin ical evidence. Physical Therapy 
in Sport. 2006;7:36-49.

1. SPACE

Louw A, M intken P, Puentedura L. Neuophysiologic Effects of Neural Mobilization 
M aneuvers. In: Fernandez-De_Las_Penas C, Arendt-N ielsen L, Gerw in RD, eds. Tension-

type and Cervicogenic Headache . Boston: Jones and Bartlett; 2009:231-245.
Nee RJ, Butler D , S. M anagem ent of peripheral neuropathic pain: integrating neurobiology, 

neurodynam ics and clin ical evidence. Physical Therapy in Sport. 2006;7:36-49.

2. MOVEMENT

M illesi H , Zoch G, Reihsner R. M echanical properties of peripheral nerves. C lin Orthop Relat Res. M ay 1995(314):76-83.
Greening J, Smart S, Leary R , Hall-Craggs M , O 'H iggins P, Lynn B. Reduced m ovem ent of m edian nerve in carpal tunnel during wrist 

flexion in patients w ith non-specific arm  pain. Lancet. Jul 17 1999;354(9174):217-218.
Breig A. Adverse Mechanical Tension in the Central Nervous System. Stockholm : A lmqvist and W iksell; 1978.
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2. MOVEMENT
Greening J, Lynn B, Leary R , W arren L, O 'H iggins P, Hall-Craggs M . The use 

of ultrasound imaging to demonstrate reduced movement of the median nerve 
during wrist flexion in patients w ith non-specific arm  pain. J Hand Surg [Br]. Oct 

2001;26(5):401-406; discussion 407-408. 2. MOVEMENT
Nerves do not stretch

Axonal folding and unfolding

Breig A. Adverse Mechanical Tension in the Central 
Nervous System . Stockholm : A lm qvist and W iksell; 

1978.
Li J, Shi R . A device for the electrophysiological 

recording of peripheral nerves in response to stretch. 
J Neurosci M ethods. Jun 30 2006;154(1-2):102-108.

3. BLOOD SUPPLY
• The	
  brain	
  and	
  spinal	
  cord	
  are	
  estimated	
  to	
  only	
  account	
  for	
  2%	
  of	
  the	
  total	
  

body	
  mass,	
  yet	
  they	
  consume	
  20-­‐25%	
  of	
  the	
  available	
  oxygen	
  in	
  the	
  circulating	
  
blood	
  

• If	
  a	
  nerve	
  is	
  “lengthened:”
– 6-­‐8%:	
  Slow	
  blood	
  flow
– 15%:	
  Stop	
  blood	
  flow
– 20%:	
  	
  Cells	
  die	
  in	
  the	
  dorsal	
  horn

:	
  	
  Demyelination	
  
Dommisse GF, ed The blood supply of the spinal cord and the consequences of failure. 2nd ed. Edinburgh: Churchill Livingstone; 1994. Boyling JD, 

Palastanga N, eds. Grieve's Modern Manual Therapy.
Lundborg G, Rydevik B. Effects of stretching the tibial nerve of the rabbit. A preliminary study of the intraneural circulation and the barrier function of the 

perineurium. J Bone Joint Surg Br. May 1973;55(2):390-401.
Ogata K, Naito M. Blood flow of peripheral nerve effects of dissection, stretching and compression. J Hand Surg [Br]. Feb 1986;11(1):10-14.

ENTRAPMENT NEUROPATHIES

Schm id AB, Nee RJ, Coppieters M W . Reappraising entrapm ent neuropathies--m echanism s, diagnosis and m anagem ent. 
M anual therapy. Dec 2013;18(6):449-457.

Oskay D, M eric A, K irdi N , Firat T, Ayhan C, Leblebicioglu G. Neurodynam ic mobilization in the conservative treatment of 
cubital tunnel syndrom e: long-term  follow-up of 7 cases. J Manipulative Physiol Ther. Feb 2010;33(2):156-163.

TUNNEL PRESSURE
Positions similar to ulnar nerve biased ULNT cause at least 
15% strain and quadruple intraneural pressure in this nerve 

at the elbow 

W right TW , G lowczewskie F, Jr., 
Cowin D, W heeler DL. U lnar nerve 
excursion and strain at the elbow 
and wrist associated w ith upper 
extrem ity motion. J Hand Surg
[Am ]. Jul 2001;26(4):655-662.

Pechan J, Julis I. The pressure 
m easurem ent in the ulnar nerve. A 
contribution to the pathophysiology 

of the cubital tunnel syndrome. J 
B iomech. Jan 1975;8(1):75-79.

COMPARTMENT SYNDROMES
Where	
  nerves	
  run	
  through	
  tunnels	
  
they	
  have	
  pressure	
  gradients	
  to	
  help	
  
nourish	
  the	
  nervous	
  system
• Blood	
  pressure	
  is	
  needed	
  to	
  

“pump”	
  blood	
  to	
  nerves
• Blood	
  is	
  diffused	
  from	
  the	
  arteriole	
  

(PA)	
  to	
  the	
  capillary	
  (PA)	
  and	
  
ultimately	
  the	
  nerve	
  fascicle	
  (PF)

• This	
  allows	
  nerves	
  to	
  have	
  
adequate	
  blood	
  supply

P	
  Arteriole	
  >	
  P	
  Capillary	
  >	
  P	
  Fascicle	
  

Im age from  Butler DS. M obilisation of the 
Nervous System . M elbourne: Churchill 

L ivingstone; 1991
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COMPARTMENT SYNDROMES
Where	
  nerves	
  run	
  through	
  tunnels	
  they	
  
have	
  pressure	
  gradients	
  to	
  help	
  nourish	
  
the	
  nervous	
  system

• Once	
  the	
  nerve	
  fascicle	
  has	
  nourished,	
  
it	
  need	
  to	
  get	
  out	
  of	
  the	
  area

• Blood	
  has	
  to	
  flow	
  into	
  the	
  neighboring	
  
vein

• Ultimately	
  the	
  lowest	
  pressure	
  need	
  to	
  
be	
  in	
  the	
  tunnel

P Arteriole > P Capillary > P Fascicle > P Vein > P Tunnel

Im age from  Butler DS. M obilisation of the 
Nervous System . M elbourne: Churchill 

L ivingstone; 1991

COMPARTMENT SYNDROMES
Repetitive motions…

Lederman	
  RJ.	
  Peripheral	
  Nerve	
  D isorders	
  in	
  Instrumentalists.	
  Ann	
  Neurol.	
  1989;26:640-­‐646.
Dilley	
  A,	
  Odeyinde S,	
  Greening	
  J,	
  Lynn	
  B.	
  Longitudinal	
  sliding	
  of	
  the	
  median	
  nerve	
  in	
  patients	
  w ith	
  non-­‐specific	
  arm 	
  pain.	
  Man	
  Ther.	
  Oct	
  1	
  2007.

van	
  Tulder M ,	
  Malm ivaara A,	
  Koes B.	
  Repetitive	
  strain	
  injury.	
  Lancet.	
  May	
  26	
  2007;369(9575):1815-­‐1822.
Schm id AB,	
  Nee	
  RJ,	
  Coppieters MW .	
  Reappraising	
  entrapment	
  neuropathies-­‐-­‐mechanisms,	
  diagnosis	
  and	
  management.	
  Manual	
  therapy.	
  Dec	
  2013;18(6):449-­‐457.

Neuroinflammation
Tendon Swelling
Bony Changes

Increased Tunnel 
Pressure

Back up blood in 
the Vein

Back up blood in 
the Fascicle

Ischemia
Edema

Scarring
Axonal 

Compression and 
Degeneration

IMMUNE CHANGES AND NERVE SENSITIVITY
Neuro-­‐

inflammation

Macrophages

T-­‐Lymphocytes

Cytokines

Demyelination

Axonal	
  loss

Ion	
  Channel	
  
Expression

Thacker M A, C lark AK, M archand F, M cM ahon SB. Pathophysiology of peripheral 
neuropathic pain: immune cells and molecules. Anesthesia and analgesia. Sep 

2007;105(3):838-847.

VIBRATION SENSITIZATION
Dysfunction of A-beta fibers 
and Pacini corpuscles have 

shown increased sensitivity in 
neuropathic pain

Greening J, Lynn B, Leary R . Sensory and autonom ic function in the hands of patients w ith non-specific arm  pain (NSAP) and asym ptom atic office 
workers. Pain. Jul 2003;104(1-2):275-281.

Tyros I, Soundy A, Heneghan NR. Vibration sensibility of the m edian nerve in a population w ith chronic whiplash associated disorder: Intra- and inter-
rater reliability study. Manual therapy. Sep 2016;25:81-86.

NEUROGENIC INFLAMMATION
• Orthodromic impulses	
  (to	
  the	
  CNS)
• Antidromic impulses	
  (to	
  the	
  tissues)

– Substance	
  P	
  (vasoactive)
– Histamine

– Cytokines,	
  macrophages

SO WHAT?

Lederman RJ. Peripheral Nerve D isorders in 
Instrum entalists. Ann Neurol. 1989;26:640-646.

Storm  SA. Assessing the instrumentalist interface: 
m odifications, ergonom ics and m aintenance of play. 
Physical medicine and rehabilitation clin ics of North 

America. Nov 2006;17(4):893-903.
Bejjani FJ, Kaye GM , Benham  M . M usculoskeletal and 
neuromuscular conditions of instrumental musicians. 
Archives of physical medicine and rehabilitation. Apr 

1996;77(4):406-413.

Cervical Radiculopathy
Cervical Myelopathy

Thoracic Outlet Syndrome
Posture

Brachial Plexus
First Rib/Clavicle

Shoulder Joint Pathologies
Laxity

Excessive internal rotation 
of the arm (radial nerve)

Excessive pronation
De quervain

Carpal Tunnel Syndrome
OA/RA of the hands

Lateral Epicondylitis
Cubital Tunnel Syndrome
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Gifford, L.S., Pain, the tissues and the nervous system. Physiotherapy, 1998. 84: p. 27-33.
Smart KM, B lake C, Staines A, Thacker M , Doody C. Mechanisms-based classifications of musculoskeletal pain: Part 2 of 3: Symptoms and signs of peripheral neuropathic pain in 

patients w ith low back (+/-leg) pain. Manual therapy. Aug 2012;17(4):345-351.
Smart KM, B lake C, Staines A, Doody C. C linical indicators of 'nociceptive', 'peripheral neuropathic' and 'central' mechanisms of musculoskeletal pain. A Delphi survey of expert clinicians. 

Man Ther. Feb 2009;15(1):80-87.

IDENTIFYING NEUROPATHIC PAIN IN THE CLINIC
• Symptoms	
  and	
  sign	
  clusters	
  
• 150	
  times	
  more	
  likely	
  to	
  have	
  a	
  

peripheral	
  neurogenic	
  pain	
  states
– Pain	
  in	
  dermatomal	
  or	
  cutaneous	
  

distribution	
  
– Positive	
  neurodynamic and	
  

palpation	
  (mechanical	
  tests)	
  
– History	
  of	
  nerve	
  pathology	
  or	
  

compromise	
  

THERE IS MORE
COMPLEXITY…

Schm id AB, Nee RJ, Coppieters M W . Reappraising 
entrapment neuropathies--m echanism s, diagnosis and 

m anagem ent. M anual therapy. Dec 2013;18(6):449-457.

BARRAGE INTO THE CNS…

W oolf CJ. Central sensitization: uncovering the relation between pain and plasticity. Anesthesiology. Apr 2007;106(4):864-867.
Vardeh D, M annion RJ, W oolf CJ. Toward a M echanism-Based Approach to Pain D iagnosis. The journal of pain : official journal of the Am erican Pain 

Society. Sep 2016;17(9 Suppl):T50-69.

END-RESULT
Process Consequence

• Death	
  of	
  the	
  inhibitory	
  neurons • Decreased	
  gating	
  from	
  the	
  periphery

• C-­‐fibers	
  pull	
  back;	
  A-­‐fibers	
  grow	
  in • Allodynia

• Upregulation of	
  second-­‐order	
  neurons • Increased	
  firing	
  towards	
  the	
  brain

• Inappropriate	
  synapsing	
  – other	
  levels • Spreading	
  pain

• Inappropriate	
  synapsing	
  – other	
  fibers • Sympathetic,	
  immune,	
  motor	
  contributions

• Inappropriate	
  synapsing	
  – other	
  side • Bilateral	
  “mirror”	
  pains

• Decreased	
  endogenous	
  mechanisms • Allodynia and	
  Hyperalgesia

W oolf CJ. Central sensitization: uncovering the relation between pain and plasticity. Anesthesiology. Apr 2007;106(4):864-867.
Vardeh D, M annion RJ, W oolf CJ. Toward a M echanism-Based Approach to Pain D iagnosis. The journal of pain : official journal of the Am erican Pain 

Society. Sep 2016;17(9 Suppl):T50-69.

BUT THE CNS CONTAINS A LOT MORE
THAN JUST NEURONS

Microglia…
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GLIA IN THE SPINAL CORD
• Neuroglia	
  (Greek	
  for	
  "glue"),	
  classically	
  =	
  cells	
  

that	
  provide	
  metabolic	
  and	
  structural	
  support,	
  
but	
  also:
– Establish	
  and	
  maintain	
  synapses
– Regeneration	
  and	
  plasticity
– Myelin	
  formation	
  and	
  repair
– Immune	
  function

• Outnumber	
  neurons	
  >10	
  to	
  1
W atkins LR, Hutchinson M R, M illigan ED, M aier SF. "Listening" and "talking" to neurons: im plications of im m une activation for pain control and 

increasing the efficacy of opioids. Brain Res Rev. Nov 2007;56(1):148-169.
W atkins LR, M illigan ED, M aier SF. Im m une and glia l involvem ent in physiological and pathological exaggerated pain states. In: Dostrovsky JO, Carr

DB, Kolzenburg M , eds. Progress in Pain Research and M anagem ent. Vol 24. Seattle: IASP Press; 2003:369-386.
Ji RR, Berta T, Nedergaard M . G lia and pain: is chronic pain a gliopathy? Pain. Dec 2013;154 Suppl 1:S10-28.

Injury to a peripheral nerve and electrical stimulation of 
C-fibers each cause an increase in the permeability of 
the blood-spinal cord barrier and blood-brain barrier

Beggs S,	
  Liu	
  XJ,	
  Kwan	
  C,	
  Salter	
  MW .	
  Peripheral	
  nerve	
  injury	
  and	
  TRPV1-­‐expressing	
  primary	
  afferent	
  C-­‐fibers	
  cause	
  opening	
  
of	
  the	
  blood-­‐brain	
  barrier.	
  Mol Pain.	
  2010;6:74.

RESPONSE OF MICROGLIA IN THE SPINAL CORD
AFTER PERIPHERAL NERVE INJURY

Beggs S,	
  Liu	
  XJ,	
  
Kwan	
  C,	
  Salter	
  MW .	
  
Peripheral	
  nerve	
  
injury	
  and	
  TRPV1-­‐
expressing	
  primary	
  
afferent	
  C-­‐fibers	
  
cause	
  opening	
  of	
  
the	
  blood-­‐brain	
  
barrier.	
  Mol Pain.	
  

2010;6:74.

A CASCADE OF
IMMUNE

CHANGES START
TO OCCUR… 

Beggs S,	
  Liu	
  XJ,	
  Kwan	
  C,	
  Salter	
  MW .	
  Peripheral	
  nerve	
  
injury	
  and	
  TRPV1-­‐expressing	
  primary	
  afferent	
  C-­‐fibers	
  
cause	
  opening	
  of	
  the	
  blood-­‐brain	
  barrier.	
  Mol Pain.	
  

2010;6:74.

• Biologically coded
• Environmentally sculpted
• Changes occur in 

minutes… 

PLASTIC MAPS

From : Louw A. Treating the brain in 
chronic pain. In: C  FdlP, J C , 
Dom m erholt J, eds. M anual Therapy 
for M usculoskeletal Pain Syndrom es.
Vol 1. London: Churchill L ivingston; 
2015

Movement and use Immobilization and limited 
use

M aihöfner C, 
Handwerker

HO, 
Neundörfer

B, B irklein F. 
Patterns of 

cortical 
reorganizatio
n in complex 
regional pain 

syndrom e. 
Neurology. 
Decem ber 
23, 2003 

2003;61(12):
1707-1715.
Flor H . The 
functional 

organization 
of the brain 
in chronic 
pain. Prog
Brain Res. 

2000;129:31
3-322.
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Movement and use Immobilization and limited 
use

M aihöfner C, 
Handwerker

HO, 
Neundörfer

B, B irklein F. 
Patterns of 

cortical 
reorganizatio
n in complex 
regional pain 

syndrom e. 
Neurology. 
Decem ber 
23, 2003 

2003;61(12):
1707-1715.
Flor H . The 
functional 

organization 
of the brain 
in chronic 
pain. Prog
Brain Res. 

2000;129:31
3-322.

Movement and use Immobilization and limited 
use

M aihöfner C, 
Handwerker

HO, 
Neundörfer

B, B irklein F. 
Patterns of 

cortical 
reorganizatio
n in complex 
regional pain 

syndrom e. 
Neurology. 
Decem ber 
23, 2003 

2003;61(12):
1707-1715.
Flor H . The 
functional 

organization 
of the brain 
in chronic 
pain. Prog
Brain Res. 

2000;129:31
3-322.

NEGLECT AND PAIN IT HAPPENS FAST

M oseley GL, O lthof N , Venema A, et 
al. Psychologically induced cooling of a 

specific body part caused by the 
illusory ownership of an artificial 

counterpart. Proc Natl Acad Sci U  S A. 
Sep 2 2008;105(35):13169-13173.

Stavrinou M L, Della Penna S, P izzella
V, et al. Temporal dynam ics of plastic 

changes in hum an prim ary 
som atosensory cortex after finger 

webbing. Cereb Cortex. Sep 
2007;17(9):2134-2142.

Low 
Threat

High
Threat

M oseley GL. Reconceptualising pain according to modern pain sciences. Physical Therapy Reviews. 2007;12:169-178.
Louw A. Treating the brain in chronic pain. In: C  FdlP, J C , Dom m erholt J, eds. M anual Therapy for M usculoskeletal Pain Syndrom es. Vol 1. London: 

Churchill L ivingston; 2015

THE BRAIN: “TELL ME MORE…”

Louw A. Treating the brain in chronic pain. In: C  FdlP, J C , Dom m erholt J, eds. M anual Therapy 
for M usculoskeletal Pain Syndrom es. Vol 1. London: Churchill L ivingston; 2015
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IDENTIFYING ALTERED MAPS…SUBJECTIVELY

• Allodynia
• Difficulty	
  with	
  laterality

• Neglect
• Spreading	
  pain

• Mirror	
  pains
• Body	
  chart

CENTRAL SENSITIZATION INVENTORY

Nijs J, Van Houdenhove B, Oostendorp RA. Recognition of central sensitization in patients w ith m usculoskeletal pain: Application of pain 
neurophysiology in manual therapy practice. Man Ther. Apr 2010;15(2):135-141.

M ayer TG, Neblett R , Cohen H, et al. The developm ent and psychom etric validation of the central sensitization inventory. Pain Pract. Apr 
2012;12(4):276-285.

TESTING A SENSITIVE NERVOUS SYSTEM

Nijs J, Van Houdenhove B, Oostendorp RA. Recognition of central sensitization in patients w ith musculoskeletal pain: Application of pain neurophysiology in manual therapy practice. 
Manual therapy. Apr 2010;15(2):135-141.

WITHIN THIS
FRAMEWORK…

Schm id AB, Nee RJ, Coppieters M W . Reappraising 
entrapment neuropathies--m echanism s, diagnosis and 

m anagem ent. M anual therapy. Dec 2013;18(6):449-457.

NEURODYNAMICS
Touch

Movement

Blood	
  flow

Brain	
  maps

Containers

Fear	
  of	
  
movements

Signs	
  and	
  
symptoms

Vibration

Butler DS, Coppieters M W . 
Neurodynam ics in a 

broader perspective. M an 
Ther. Feb 2007;12(1):e7-8.

Coppieters M W , Kurz K, 
M ortensen TE, et al. The 
impact of neurodynam ic

testing on the perception of 
experimentally induced 
m uscle pain. M an Ther. 
Feb 2005;10(1):52-60.

Shacklock M . Improving 
application of 

neurodynam ic (neural 
tension) testing and 

treatm ents: a m essage to 
researchers and clin icians. 

M anual therapy. Aug 
2005;10(3):175-179.

Janice Ying, PT, DPT, OCS

Combined Sections Meeting - San Antonio, TX 
February 15 – 18, 2017

Out of Tune: A Guide to Upper 
Extremity Nerve Entrapment 

Syndromes in Musicians
Clinical Examination of the Instrumentalist
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• Regional	
  Pain	
  Syndrome

• Shoulder	
  Impingement

• Ligament	
  Sprain

• Tendinitis

• Arthritis

• Lateral	
  Epicondylitis

• Thoracic	
  Outlet	
  
Syndrome	
  (TOS)

• Ulnar	
  Neuropathy

• Carpal	
  Tunnel	
  
Syndrome

• Cervical	
  Radiculopathy

Musculoskeletal	
  (64%) Neurologic	
  (20.2%)

Focal	
  Dystonia/Occupational	
  Cramp	
  (7.6%) (Lederman, 2003)

COMMON PATHOLOGIES

RED FLAG SCREENING

• Metastatic	
  lesions
• Cervical	
  bone	
  tumors
• Cervical	
  cord	
  tumors
• Lung	
  
cancer/Pancoast's	
  
tumor

• Esophageal	
  cancer
• Thyroid	
  Cancer
• C/S	
  myelopathy

C/S
• Metastatic	
  lesions
• Myocardial	
  infarction
• Lung	
  cancer/Pancoast's	
  tumor
• Spinal	
  accessory	
  nerve	
  
entrapment

• Kidney	
  dysfunction
• Liver/gallbladder	
  dysfunction
• Splenic	
  dysfunction
• Ectopic	
  pregnancy

• Myocardial	
  
Infarction

• Angina

• Pleuro/pulmonary

Shoulder Elbow

RED FLAG SCREENING

(Sueki,  D,  2010)

PATHOPHYSIOLOGY:    NEURAL
ENTRAPMENT

• Radiculopathy:	
   Impingement	
  and	
  inflammation	
  of	
  a	
  
nerve	
  root	
  induced	
  by	
  a	
  space-­‐occupying	
  lesion	
  that	
  
reduces	
  the	
  size	
  of	
  the	
  intervertebral	
  foramen

• Peripheral	
  entrapment:	
  	
  Compression	
  of	
  the	
  peripheral	
  
nerve	
  along	
  its	
  path

CERVICALGIA
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CERVICALGIA PATHOPHYSIOLOGY:  NEURAL ENTRAPMENT
Cervical Radiculopathy

http://img.medscape.com/pi/features/slideshow-slide/cervical-radiculopathy/fig14.jpg

http://b.vim eocdn.com /ts/296/346/2963467_640.jpg

Normal

PATHOPHYSIOLOGY:    NEURAL
ENTRAPMENT

Netter, 1989

PATHOPHYSIOLOGY:  PERIPHERAL
ENTRAPMENT

PATHOPHYSIOLOGY:    PERIPHERAL NERVE
ENTRAPMENT

Netter, 1989

TRIGGER POINTS

(Simons DG, 1999)

SCALENES TRICEPS  BRACHII

NEURAL TENSION: RADIAL NERVE

Manvell JJ, Manvell N, Snodgrass SJ, Reid SA.  Improving the radial nerve 
neurodynamic test: an observation of tension of the radial, medial and ulnar 
nerves during upper limb positioning.  Manual Therapy. 2015:20;790-796
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NEURAL TENSION: ULNAR NERVE

Manvell N, Manvell JJ, Snodgrass SJ, Reid SA.  Tension of the 
ulnar, median and radial nerves during testing:  observational 
cadaveric study.  2015:95(6)

PATHOPHYSIOLOGY:    NEURAL ENTRAPMENT -­
THORACIC OUTLET

Image Credit:  Visible Body

OUT OF TUNE: A GUIDE TO UPPER EXTREMITY NERVE
ENTRAPMENT SYNDROMES IN MUSICIANS

Combined Sections Meeting - San Antonio, TX 
February 15 – 18, 2017

Epidemiology	
  of	
  Upper	
  Extremity	
  Nerve	
  
Entrapments	
  in	
  Musicians

SUBJECTIVE EXAM
• Chief	
  complaint
• Mechanism	
  of	
  Injury
• Aggravating/Easing	
  Factors
• Past	
  Medical	
  History
• Severity/Irritability/Nature/Stage	
  of	
  
Symptoms

• Medical	
  Screening/Red	
  flags

• Rehearsal/Practice/
Performance	
  schedule

• Practice	
  Techniques
• Changes	
  in	
  Playing	
  
Technique

• Current	
  Repertoire
• Changes	
  in	
  instrument

SUBJECTIVE EXAM
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OCCUPATION: FROM PRACTICE TO
PERFORMANCE

• Practice	
  duration	
  -­‐ rest	
  
breaks

• Rehearsal
• Studio	
  Recording
• Performance

• Level	
  of	
  difficulty

• Motor	
  Learning

• Rates	
  of	
  >800	
  notes/minute	
  
for	
  3-­‐30	
  minutes

• High	
  demands	
  of	
  both	
  
proximal	
  and	
  distal	
  
segments

ORTHOPEDIC OBJECTIVE EXAM
• Resting	
  Posture
• Functional	
  Assessment
• A/PROM
• Strength	
  (MMT)
• Neuro	
  Screen
• Joint	
  Accessory	
  Motion
• Special	
  Tests

PLAYING POSTURE ERGONOMIC ANALYSIS

PLAYING TECHNIQUE / MOVEMENT ANALYSIS

https://youtu.be/W1Bwcii3AJM

OUT OF TUNE: A GUIDE TO UPPER EXTREMITY NERVE
ENTRAPMENT SYNDROMES IN MUSICIANS

Combined	
  Sections	
  Meeting	
  -­‐ San	
  Antonio,	
  TX	
  
February	
  15	
  – 18,	
  2017

Case-­‐based	
  Approach	
  to	
  Treatment

Erin Hayden, PT, DPT, OCS
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TREATMENT STRATEGIES SIMILAR TO
GENERAL PATIENT POPULATION

• Nerve	
  Gliding	
  Exercises
• Stretching
• Taping
• Aerobic	
  Exercise

• Patient	
  Education
• Manual	
  Therapy
– Joint	
  mobilizations,	
  
HVLA

– STM
– Cervical	
  Manual	
  
Traction

WHAT’S UNIQUE
• Total	
  playing	
  time
• High	
  demand
• Instrument	
  position
• High	
  variability	
  of	
  tasks
• Multiple	
  instruments	
  for	
  
same	
  musician

• Difficult	
  to	
  rest	
  

NECK PAIN WITH RADIATING PAIN

• Practice	
  Schedule:	
  >	
  4	
  hrs/day,	
  2-­‐3	
  
sessions/day

• Rehearsal	
  Schedule:	
  weekly	
  ensembles,	
  lessons
• Upcoming	
  Performances:	
  recital	
  in	
  8	
  weeks
• Teaches	
  4-­‐6	
  lessons	
  per	
  week
• No	
  significant	
  changes	
  in	
  technique/style
• Preparing	
  new	
  pieces	
  for	
  recital	
  -­‐ varied

Participation	
  Restrictions:	
  
Playing,	
  working	
  @	
  computer

PLAYING ANALYSIS – 3 VIEWS
Sagittal	
  -­‐ Left

PLAYING ANALYSIS – 3 VIEWS
Posterior

PLAYING ANALYSIS – 3 VIEWS
Sagittal - Right
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BODY FUNCTION & STRUCTURE
IMPAIRMENTS

• Limited	
  ROM	
  of	
  the	
  cervical	
  spine
• Neural	
  mobility	
  deficits
• Hypomobility thoracic	
  spine
• Pectoralis muscular	
  tightness
• Decreased	
  scapulothoracic strength	
  
&	
  endurance

• Poor	
  postural	
  awareness
• Poor	
  trunk	
  control

TREATMENT: THERAPEUTIC EXERCISE
& HOME EXERCISE PROGRAM
• Stretching	
  &	
  T/S	
  mobility	
  exercises
• Strengthening	
  of	
  the	
  DNFs
• Strengthening	
  of	
  proximal	
  stabilizers
• Functional	
  exercises	
  -­‐ simulating	
  playing	
  position
• Development	
  and	
  integration	
  of	
  warm-­‐up	
  routine
• Education

– Practice	
  schedules,	
  stress	
  management,	
  cross	
  
training,	
  warm	
  up	
  routine

STRETCHING & MOBILITY DNF STRENGTHENING

STRENGTHENING PROXIMAL
STABILIZERS

DYNAMIC EXERCISES
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INSTRUMENT SPECIFIC DYNAMIC
EXERCISES

How	
  would	
  you	
  vary	
  exercises	
  based	
  on	
  instrument?

OTHER CONSIDERATIONS
• Analyze	
  lifting	
  mechanics	
  instrument
• Analyze	
  instrument	
  case	
  &	
  carrying	
  
mechanics

• Analyze	
  position	
  of	
  the	
  music	
  stand
• Inquire	
  about	
  ensemble	
  set	
  up
• Inquire	
  about	
  lighting	
  in	
  practice	
  room

SUMMARY TREATMENT
STRATEGIES

• Utilize individual assessment + practice guidelines to 
address the nerve entrapment

• Perform postural & movement analysis with instrument
– Collaborate with musician on necessary ergonomic 

modifications
• Develop dynamic exercise interventions based on their 

instrument and occupational demands
• Keep musicians playing whenever possible
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