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Disclosure Statement of Financial Interest 

We publish books on pain and receive an 

honorarium for the sales. These are not being 

promoted in the presentation. The intent is to 

share our research and not promote products 
 

We teach for a seminar company offering 

continuing education for healthcare providers. The 

session is not designed to promote the 

attendance of the seminars 
 

Images used are from the authors unless 

otherwise referenced. Images cannot be used 

without permission 

Moseley, G. L., et al. (2008). "Visual distortion of a limb modulates the pain and swelling evoked by movement." 

Current biology : CB 18(22): R1047-1048. 

Clinical Example 1 

Clinical Example 2 

Clinical Example 3 

• Five paraplegic patients 

• At or below level pain for 4 years 

Moseley GL. Using visual illusion to reduce at-level neuropathic pain in 

paraplegia. Pain. Aug 2007;130(3):294-298. 

The Treatment 

Moseley GL. Using visual illusion to reduce at-level neuropathic pain in 

paraplegia. Pain. Aug 2007;130(3):294-298. 
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The Results 

Moseley GL. Using 

visual illusion to 

reduce at-level 

neuropathic pain in 

paraplegia. Pain. Aug 

2007;130(3):294-298. 

Clinical Example 4 

In patients with cold-type CRPS 

when hands are crossed - i.e., 

crossing the arms so that the 

healthy hand is on the affected 

side of the midline, it reduces the 

temperature of the healthy hand 

Gallace A, Torta DM, Moseley GL, Iannetti GD. The analgesic effect of crossing the arms. Pain. Jun 2011;152(6):1418-

1423. 

Pain is 100% produced by the brain… 

Pain is a multiple system output, 

activated by an individual’s specific 

pain neural signature. The neural 

signature is activated whenever the 

brain perceives a threat 

Moseley, G.L., A pain neuromatrix approach to patients with chronic pain. Man Ther, 2003. 8(3): p. 130-40. 

Melzack, R., Pain and the neuromatrix in the brain Journal of Dental Education, 2001. 65: p. 1378-1382. 

Injury 

Surgery 

Accident 

Disease 

Aging 

Brain 
Maps 

Fear 

Catastro-
phization 

Social 

Other 

Threats… 

Melzack, R., Pain and the neuromatrix in the brain Journal 

of Dental Education, 2001. 65: p. 1378-1382. 

Moseley GL. Reconceptualising pain according to modern 

pain sciences. Physical Therapy Reviews. 2007;12:169-

178. 

Moseley, G.L., A pain neuromatrix approach to patients with 

chronic pain. Man Ther, 2003. 8(3): p. 130-40. 

Louw A. Treating the brain in chronic pain. In: C FdlP, J C, 

Dommerholt J, eds. Manual Therapy for Musculoskeletal 

Pain Syndromes. Vol 1. London: Churchill Livingston; 2015. 

• Biologically coded 

• Environmentally 

sculpted 

Neuroplasticity 

From: Louw A. Treating the brain in chronic pain. In: C FdlP, J C, Dommerholt J, eds. Manual Therapy for 

Musculoskeletal Pain Syndromes. Vol 1. London: Churchill Livingston; 2015 

It happens fast 

Moseley GL, Olthof 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 ML, Della Penna S, Pizzella V, et al. Temporal dynamics of plastic changes in human primary 

somatosensory cortex after finger webbing. Cereb Cortex. Sep 2007;17(9):2134-2142. 
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Neglect and Pain 

Maihöfner C, Handwerker HO, Neundörfer B, Birklein F. Patterns of cortical reorganization in complex regional pain 

syndrome. Neurology. December 23, 2003 2003;61(12):1707-1715. 

Flor H. The functional organization of the brain in chronic pain. Prog Brain Res. 2000;129:313-322. 

Maihöfner C, Handwerker HO, Neundörfer B, Birklein F. Patterns of cortical reorganization in complex 

regional pain syndrome. Neurology. December 23, 2003 2003;61(12):1707-1715. 

Flor H. The functional organization of the brain in chronic pain. Prog Brain Res. 2000;129:313-322. 

1. Smudges Smudges 

Image from Butler 

Shacklock MO. Moving in on Pain. Australia: 

Butterworth-Heinemann; 1995. 

Contributors to neuroplastic changes… 

 Immobilization 

 

 Aging 

Stenekes, M. W., et al. (2009). "Effects of motor imagery on hand function during 

immobilization after flexor tendon repair." Arch Phys Med Rehabil 90(4): 553-559. 

Toussaint, L. and A. Meugnot (2013). "Short-term limb immobilization affects cognitive 

motor processes." J Exp Psychol Learn Mem Cogn 39(2): 623-632. 

Meugnot, A., et al. (2014). "The embodied nature of motor imagery processes 

highlighted by short-term limb immobilization." Exp Psychol 61(3): 180-186. 

Bassolino, M., et al. (2014). "Training the motor cortex by observing the actions of 

others during immobilization." Cereb Cortex 24(12): 3268-3276. 

Meugnot, A. and L. Toussaint (2015). "Functional plasticity of sensorimotor 

representations following short-term immobilization of the dominant versus non-

dominant hands." Acta Psychol (Amst) 155: 51-56. 

Meugnot, A., et al. (2016). "Selective impairment of sensorimotor representations 

following short-term upper-limb immobilization." Q J Exp Psychol (Hove) 69(9): 1842-

1850. 

Falling C, Mani R. Ageing and obesity indices influences the tactile acuity of the low 

back regions: A cross-sectional study. Manual therapy. Jun 2016;23:25-31. 

Maihöfner C, Handwerker HO, Neundörfer B, Birklein F. Patterns of cortical reorganization in complex 

regional pain syndrome. Neurology. December 23, 2003 2003;61(12):1707-1715. 

Flor H. The functional organization of the brain in chronic pain. Prog Brain Res. 2000;129:313-322. 

2. Laterality 
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Laterality impairment 

Site-specific disruption in left right judgments have been 

reported with: 

– Amputees   - Dystonia 

– CRPS    - Post stroke 

– Chronic back pain  - Expectation of pain 

– CTS    - Radiculopathy 

– Knee OA 

– Arm and hand pain 

What’s normal? 

• Accuracy of >80% 

• 1.6 sec +/- 0.5 for necks and backs 

• 2 sec +/- 0.5 for hands and feet 

 

Moseley, G. L. (2004). "Why do people with complex regional pain syndrome take longer to recognize their 

affected hand?" Neurology 62(12): 2182-2186. 

Moseley, G. L., et al. (2005). "Experimental hand pain delays recognition of the contralateral hand--evidence that 

acute and chronic pain have opposite effects on information processing?" Brain research. Cognitive brain research 

25(1): 188-194. 

Maihöfner C, Handwerker HO, Neundörfer B, Birklein F. Patterns of cortical reorganization in complex 

regional pain syndrome. Neurology. December 23, 2003 2003;61(12):1707-1715. 

Flor H. The functional organization of the brain in chronic pain. Prog Brain Res. 2000;129:313-322. 

3. Size 

Unaffected side                                         Affected side 

Maihofner, C., et 

al. (2003). 

"Patterns of 

cortical 

reorganization in 

complex regional 

pain syndrome." 

Neurology 

61(12): 1707-

1715. 

Virtual Disturbances 

• People with longstanding CRPS 

tend to perceive their affected limb 

to be larger than it really is 

• CRPS patient believes the hand 

feels 107% bigger 

• Hurts more when it looks bigger 

• Does not move different 

• More swelling when it looks bigger 

 

Moseley, G. L., et al. (2008). "Visual distortion of a limb modulates the pain and swelling evoked by 

movement." Current biology : CB 18(22): R1047-1048. Moseley, G. L., et al. (2008). "Visual distortion of a limb modulates the pain and swelling evoked by movement." 

Current biology : CB 18(22): R1047-1048. 

Size matters… 
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So What? 
Pain is 100% produced by the brain… 

Pain is a multiple system output, 

activated by an individual’s specific 

pain neural signature. The neural 

signature is activated whenever the 

brain perceives a threat 

Moseley, G.L., A pain neuromatrix approach to patients with chronic pain. Man Ther, 2003. 8(3): p. 130-40. 

Melzack, R., Pain and the neuromatrix in the brain Journal of Dental Education, 2001. 65: p. 1378-1382. 

The Brain: “Tell me more…” 
Interestingly enough mapping changes 

have been demonstrated in: 
 Amputees 

 CRPS 

 Chronic back pain 

 CTS 

 Knee OA 

 Arm and hand pain 

 Dystonia 

 Post-stroke 

 Expectation of pain 

 Radiculopathy 

 Pregnancy 

 Aging 

 Obesity 

 Immobilization 

 Anesthesia 

 Surgery 

 Headaches 

 Facial pain 

 
Beales D, Lutz A, Thompson J, Wand BM, O'Sullivan P. Disturbed body perception, reduced sleep, and kinesiophobia in subjects with pregnancy-related 

persistent lumbopelvic pain and moderate levels of disability: An exploratory study. Manual therapy. Feb 2016;21:69-75. 

Falling C, Mani R. Ageing and obesity indices influences the tactile acuity of the low back regions: A cross-sectional study. Manual therapy. Jun 2016;23:25-31. 

Moseley GL. I can't find it! Distorted body image and tactile dysfunction in patients with chronic back pain. Pain. Nov 15 2008;140(1):239-243.  

Louw A. Treating the brain in chronic pain. In: C FdlP, J C, Dommerholt J, eds. Manual Therapy for Musculoskeletal Pain Syndromes. Vol 1. London: Churchill 

Livingston; 2015 

Stenekes, M. W., et al. (2009). "Effects of motor imagery on hand function during immobilization after flexor tendon repair." Arch Phys Med Rehabil 90(4): 553-

559. 

Toussaint, L. and A. Meugnot (2013). "Short-term limb immobilization affects cognitive motor processes." J Exp Psychol Learn Mem Cogn 39(2): 623-632. 

Meugnot, A., et al. (2014). "The embodied nature of motor imagery processes highlighted by short-term limb immobilization." Exp Psychol 61(3): 180-186. 

Bassolino, M., et al. (2014). "Training the motor cortex by observing the actions of others during immobilization." Cereb Cortex 24(12): 3268-3276. von Piekartz H, 

Mohr G. Reduction of head and face pain by challenging lateralization and basic emotions: a proposal for future assessment and rehabilitation strategies. J Man 

Manip Ther. Feb 2014;22(1):24-35. 

Did we miss something? 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 

Watkins LR, Hutchinson MR, Milligan ED, Maier SF. "Listening" and "talking" to neurons: implications of immune 

activation for pain control and increasing the efficacy of opioids. Brain Res Rev. Nov 2007;56(1):148-169. 

Watkins LR, Milligan ED, Maier SF. Immune and glial involvement in physiological and pathological exaggerated 

pain states. In: Dostrovsky JO, Carr DB, Kolzenburg M, eds. Progress in Pain Research and Management. Vol 24. 

Seattle: IASP Press; 2003:369-386. 

Ji RR, Berta T, Nedergaard M. Glia and pain: is chronic pain a gliopathy? Pain. Dec 2013;154 Suppl 1:S10-28. 
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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…within hours! 

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. 

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 

What you should ask: 

• Are these changes occurring in my 

patient? 

 

• How do I test for it? 

 

• If they’re present, what do I do for it? 

What should we look for? 

Subjectively 

Objectively 

Central Sensitization 

(Nociplastic) 

Altered body 

maps 

Adapted from Gifford, L.S., Pain, the tissues and the nervous system. Physiotherapy, 1998. 84: p. 27-33. 

The Mature Organism Model In it’s simplest form… 

Nociceptive Peripheral Neurogenic Central/Nociplastic 

Woolf CJ. Central sensitization: uncovering the relation between pain and plasticity. Anesthesiology. Apr 

2007;106(4):864-867. 

Woolf CJ, Salter MW. Neuronal plasticity: increasing the gain in pain. Science. Jun 9 2000;288(5472):1765-1769. 

Louw A, Puentedura E. Therapeutic Neuroscience Education: Teaching patients about pain. Minneapolis, MN: 

OPTP; 2013. 
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Clinical Clues: Central Sensitization 
(Nociplastic) 

• Extreme pain 

• Sensitivity to touch 

• Widespread sensitivity 

• Allodynia 

• Hyperalgesia  

• Central Sensitization/Nociplastic Pain 

 

Central Sensitization 

• No medical tests 

 

• Clinical presentation 

with identification of a 

cluster of signs and 

symptoms 

 

• Central Sensitization 

Inventory (CSI) 

Woolf CJ. Central sensitization: uncovering the relation between pain and plasticity. Anesthesiology. Apr 

2007;106(4):864-867. 

Woolf CJ, Salter MW. Neuronal plasticity: increasing the gain in pain. Science. Jun 9 2000;288(5472):1765-1769. 

Louw A, Puentedura E. Therapeutic Neuroscience Education: Teaching patients about pain. Minneapolis, MN: 

OPTP; 2013. 

• Symptom and sign cluster (486 times) for CS 

– Disproportionate pain 

– Disproportionate aggravating and easing factors 

– Diffuse palpation tenderness 

– Psychosocial issues 

• Fear-Avoidance 

• Pain Catastrophization 

• Depression 

 

Smart KM, Blake C, Staines A, Thacker M, Doody C. Mechanisms-based classifications of musculoskeletal pain: Part 1 of 3: Symptoms 

and signs of central sensitisation in patients with low back (+/-leg) pain. Manual therapy. Aug 2012;17(4):336-344. 

Identifying Central Sensitization in the Clinic Central Sensitization Inventory 

Nijs J, Van Houdenhove B, Oostendorp RA. Recognition of central sensitization in patients with musculoskeletal 

pain: Application of pain neurophysiology in manual therapy practice. Man Ther. Apr 2010;15(2):135-141. 

Mayer TG, Neblett R, Cohen H, et al. The development and psychometric validation of the central sensitization 

inventory. Pain Pract. Apr 2012;12(4):276-285. 

Musculoskeletal 
Pain? 

Disproportionate? 

No CS Diffuse Pain? 

CS Inventory 
≥ 40 

No = No CS Yes = CS 

Yes = CS 

Testing a Sensitive Nervous System 

Nijs J, Van Houdenhove B, Oostendorp RA. Recognition of central sensitization in patients with musculoskeletal 

pain: Application of pain neurophysiology in manual therapy practice. Manual therapy. Apr 2010;15(2):135-141. 

Nijs J, Van Houdenhove B, Oostendorp RA. Recognition of central sensitization in patients with musculoskeletal 

pain: Application of pain neurophysiology in manual therapy practice. Man Ther. Apr 2010;15(2):135-141. 

Smart KM, Blake C, Staines A, Thacker M, Doody C. Mechanisms-based classifications of musculoskeletal pain: 

Part 1 of 3: Symptoms and signs of central sensitisation in patients with low back (+/-leg) pain. Manual therapy. 

Aug 2012;17(4):336-344. 
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Nerve Palpation: With/without pressure 

algometry… 

Away from the “hot spot” (i.e., posterior tarsal tunnel for arm pain) 

 

Walsh, J. and T. Hall (2009). 

"Reliability, validity and diagnostic 

accuracy of palpation of the sciatic, 

tibial and common peroneal nerves 

in the examination of low back 

related leg pain." Man Ther 14(6): 

623-629. 

Vibration Sensitivity 

Dysfunction of A-beta fibers and Pacinian corpuscles have shown 

increased sensitivity in neuropathic pain 

Greening J, Lynn B, Leary R. Sensory and autonomic function in the hands of 

patients with non-specific arm pain (NSAP) and asymptomatic office workers. 

Pain. Jul 2003;104(1-2):275-281. 

Tyros I, Soundy A, Heneghan NR. Vibration sensibility of the median nerve in a 

population with chronic whiplash associated disorder: Intra- and inter-rater 

reliability study. Manual therapy. Sep 2016;25:81-86. 

Sensitivity to Heat and Cold… 

Nijs J, Van Houdenhove B, Oostendorp RA. 

Recognition of central sensitization in patients 

with musculoskeletal pain: Application of pain 

neurophysiology in manual therapy practice. 

Manual therapy. Apr 2010;15(2):135-141. 

Neurodynamic tests 

• Active 

 

• Passive 

What should we look for? 

Subjectively 

Objectively 

Central Sensitization 

(Nociplastic) 

Altered body 

maps 

Clinical Clues: Plasticity 

• Spreading pain 

 

• Altered body schema: 

– Laterality 

– Missing body parts 

– Size 

– Temperature changes 

– Different “weird” sensations 

 

• Etc. 
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Testing Neuroplastic Changes 

In a research setting: 

• fMRI 

• PET 

• TMS 

• MEG 

 

In a clinical setting: 

• ? Body chart 

• Laterality 

• Sensory testing 

– Two-point discrimination 

– Localization 

Smudging: Quick Screen 

• Accuracy of >80% 

 

• Hands and feet: 

– 2 sec +/- 0.5 

Testing Laterality 

Moseley, G. L. (2004). "Why do people with complex regional pain syndrome take longer to recognize 

their affected hand?" Neurology 62(12): 2182-2186. 

Moseley, G. L., et al. (2005). "Experimental hand pain delays recognition of the contralateral hand--

evidence that acute and chronic pain have opposite effects on information processing?" Brain research. 

Cognitive brain research 25(1): 188-194. 

Images from 

noigroup.com 

Left/Right  

Discrimination 

Images from 

noigroup.com 

Two Point Discrimination 

• Test protocol: 

– Pressure sufficient to blanch skin 

– Average of 5 ascending and 5 

descending measurements 

– Start at 0mm, increase until 2 points 

clearly felt (and visa versa) 

– Subject clearly states one or two 

points, if unsure report one 

– If 2 points recognized by a temporal 

delay due to assessor, reject that trial 

Catley, M. J., et al. (2013). "Assessing tactile acuity in rheumatology and musculoskeletal medicine--how reliable 

are two-point discrimination tests at the neck, hand, back and foot?" Rheumatology 52(8): 1454-1461. 

Two Point Discrimination Norms 

Catley, M. J., et al. (2013). "Assessing tactile acuity in rheumatology and musculoskeletal medicine--how reliable are 

two-point discrimination tests at the neck, hand, back and foot?" Rheumatology 52(8): 1454-1461. 
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Localization testing… 

• Where was I touched?  

 

• Stimulus from clinician then 

identification from patient 

 

• Impaired tactile acuity relates 

to impaired motor control 

 
Louw, A., et al. (2015). "Moving without moving: immediate management following lumbar spine surgery using 

a graded motor imagery approach: a case report." Physiotherapy Theory and Practice 31(7): 509-517. 

Louw, A., et al. (2015). "Immediate effects of sensory discrimination for chronic low back pain: a case series." 

New Zealand Journal of Physiotherapy 43(2): 58-63. 

Luomajoki, H. and G. L. Moseley (2011). "Tactile acuity and lumbopelvic motor control in patients with back 

pain and healthy controls." British journal of sports medicine 45(5): 437-440. 

The Clinical So What? 

• After the series of tests, you should be able to 

make a clinical judgement on: 

Central sensitization (nociplastic pain) 

Health of the cortical maps 

How do we restore cortical maps clinically? Graded Motor Imagery… 

• Focus placed on synaptic exercises and health 

• Brain exercises versus muscle/joint 

• The test becomes…the treatment 

• Growing evidence: 

– Phantom limb pain 

– CRPS 

– Chronic low back pain 

 

Daly, A. E. and A. E. Bialocerkowski (2009). "Does evidence support physiotherapy management of adult Complex 

Regional Pain Syndrome Type One? A systematic review." Eur J Pain 13(4): 339-353. 

Bruehl S. Complex regional pain syndrome. BMJ. 2015;351:h2730. 

Bowering KJ, O'Connell NE, Tabor A, et al. The effects of graded motor imagery and its components on chronic 

pain: a systematic review and meta-analysis. The journal of pain : official journal of the American Pain Society. Jan 

2013;14(1):3-13. 

Proposed Treatment 

So the brain (really) 

understand why they hurt 

Restoring the 

extremity/body part back 

in the brain 

 

Traditional therapy 

 

Pain Neuroscience 

Education 

Graded Motor Imagery 

Sensory Discrimination 

Movement, R.O.M. 

Motor Control 

Function 

 

Pre-habilitation 

 

Regular 

therapy 

Louw A, Louw C, Zimney K. Why Are My Nerves So Sensitive? Minneapolis, 

MN: OPTP; 2014. 

Sequence? 

• It may work best if carried out in the sequence of:  

– Laterality recognition 

– Motor imagery 

– Mirror therapy  

Moseley GL. Graded motor imagery for pathologic pain: a randomized controlled trial. Neurology. Dec 26 

2006;67(12):2129-2134. 

Not complex              Complex 

No sequence             Sequence 
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Louw  A, Puentedura E, Schmidt S, Zimney K. Pain Neuroscience Education. Vol 2. Minneapolis, MN: OPTP; 

2018. 

Phase 1: Pain Neuroscience Education Phase 2:  

Laterality  

• Magazines 

• Flashcards 

• PowerPoint  

• Smartphone Apps 

• Virtual Reality 

Moseley, G. L. (2004). "Why do people with complex regional pain syndrome take longer to recognize 

their affected hand?" Neurology 62(12): 2182-2186. 

Moseley, G. L., et al. (2005). "Experimental hand pain delays recognition of the contralateral hand--

evidence that acute and chronic pain have opposite effects on information processing?" Brain research. 

Cognitive brain research 25(1): 188-194. 

Phase 3: Motor Imagery 

• Imagine extremity (see it visually) 

• Static 

• Dynamic 

• Doing tasks 

• Giving the brain map exercise 

without moving the extra sensitive 

extremity 

 

Moseley GL. Imagined movements cause pain and swelling in a patient with complex regional pain syndrome. 

Neurology. May 11 2004;62(9):1644. 

Moseley GL. Graded motor imagery is effective for long-standing complex regional pain syndrome: a randomised 

controlled trial. Pain. Mar 2004;108(1-2):192-198. 

Moseley GL, Butler DS, Beames TB, Giles TJ. The Graded Motor Imagery Handbook. Adelaide Noigroup 

Publications; 2012. 

Phase 4: Sensory Discrimination 

Why discrimination and not integration?  

Phase 4: Sensory Discrimination 

• Two-point discrimination 

• Graphesthesia 

• Localization 

• Sharp; dull 

• Directional 

• Textures 

• Sounds 

• Taste 

• Rice, beans 

• Etc. 

Catley MJ, O'Connell NE, Berryman C, Ayhan FF, Moseley GL. Is Tactile Acuity Altered in People With Chronic Pain? A 

Systematic Review and Meta-analysis. The Journal of Pain. 2014/10// 2014;15(10):985-1000. 

Moseley GL, Wiech K. The effect of tactile discrimination training is enhanced when patients watch the reflected image 

of their unaffected limb during training. Pain. Aug 2009;144(3):314-319. 

Phase 5: Mirror Therapy 

• Using mirrors to trick 

the brain 

• “Replace body parts” 

• Growing evidence 

 
McCabe CS, Haigh RC, Ring EFR, Halligan P, Blake DR. A 

controlled pilot study of the utility of mirror visual feedback in the 

treatment of  complex regional pain syndrome (type 1). 

Rheumatology (Oxford). 2003;42:97-101. 

McCabe CS, Haigh RC, Shenker NG, Lewis J, Blake DR. 

Phantoms in rheumatology. Novartis Foundation Symposia. 

2004;260:154-174.  

Karmarker A, Lieberman I. Mirror box therapy for complex 

regional pain syndrome. Anaesthesia. 2006;61:412-413.  

Rosen B, Lundborg G. Training with a mirror in rehabilitation of 

the hand. Scandinavian Journal of Plastic and Reconstructive 

Surgery. 2005;39:104-108. 

Vladimir Tichelar YI, Geertzen JH, Keizer D, van Wilgen PV. 

Mirror box therapy added to cognitive behavioural therapy in 

three chronic complex regional pain syndrome type 1 patients: a 

pilot study. Int J Rehabil Res. 2007;30:181-188. 
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Clinical Cases 

• PNE:  
– Hand CRPS 

• Laterality:  

– Frozen Shoulder 

• Motor Imagery:  

– Elbow CRPS 

• Sensory Discrimination: 

– Shoulder 

• Mirror Therapy:  
– Shoulder 

PNE: Hand CRPS 

• 36-year-old lady with a “crush 
injury” trying to catch a softball  

 

• Immediate onset of pain left 
thenar eminence and swelling 

 

• Pain has steadily increased 
and spread up the arm to now 
include the forearm, elbow, 
upper arm, shoulder and into 
the neck 

 

• Chief complaint: “Excruciating 
pain” with stiffness and swelling 
of the right hand 

 

Fercho KA, Baugh LA, Louw A, Zimney K. Pain Neuroscience 

Education Effect on Pain Matrix Processing in an Individual with 

Complex Regional Pain Syndrome: A Single Subject Research Design. 

European Pain Journal. 2019 – in preparation 

PNE: Hand CRPS 

• Administrative assistant - not 
working right now and filing for 
disability; main job entails 
computer work and using the 
phone 

 

• Has had numerous medical tests 
with “no conclusive finds” and 
fracture ruled out – hence the 
diagnosis of CRPS 

 

• Current medications: 

– Anti-deppresants 

– Membrane stabilizers 

– Migraine medication 

– Pain medication  

Fercho KA, Baugh LA, Louw A, Zimney K. Pain Neuroscience 

Education Effect on Pain Matrix Processing in an Individual with 

Complex Regional Pain Syndrome: A Single Subject Research Design. 

European Pain Journal. 2019 – in preparation PNE: Hand CRPS 

Pain increases with: 

• Any use of the left hand 

• “Thinking about using/moving 

the left hand” 

• Touch to the hand 

• Stress 

• Cold temperature 

 

 

Pain eases with: 

• “No use” 

• Pain medications 

• “Warm environments” 

Fercho KA, Baugh LA, Louw A, Zimney K. Pain Neuroscience Education Effect on Pain Matrix Processing in an 

Individual with Complex Regional Pain Syndrome: A Single Subject Research Design. European Pain Journal. 2019 

– in preparation 

PNE: Hand CRPS 

Additional information: 

• History of depression 

• Since divorced 

• No PMH of any 

hand/arm issues 

• Mother diagnosed with 

fibromyalgia 

 

 

Fercho KA, Baugh LA, Louw A, Zimney K. Pain Neuroscience Education Effect on Pain Matrix Processing in an 

Individual with Complex Regional Pain Syndrome: A Single Subject Research Design. European Pain Journal. 2019 

– in preparation 

PNE: Hand CRPS 

Measurements: 

• Demographic questionnaire 

• Self-reported pain assessment questionnaires 

– Numeric Pain Rating Scale (NPRS) (8.33/10) 

– Neuropathic Pain Scale (NPS) (69) 

– Fear Avoidance Belief Questionnaire (FABQ) 

• Physical Activity: (9) 

• Work: 36 

– Pain Self-Efficacy Questionnaire (PSEQ) (15) 

– Upper Extremity Functional Scale: 7 (80+ = fully functional) 

Fercho KA, Baugh LA, Louw A, Zimney K. Pain Neuroscience Education Effect on Pain Matrix Processing in an 

Individual with Complex Regional Pain Syndrome: A Single Subject Research Design. European Pain Journal. 2019 

– in preparation 
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PNE: Hand CRPS 

Sensory Measurements: 
 

• Laterality (Hand): 

– Accuracy R: 80% 

– Accuracy L: 42% 
 

• Speed (Hand): 

– Left: 6.2 seconds 

– Right: 4.7 seconds 

 

Fercho KA, Baugh LA, Louw A, Zimney K. Pain Neuroscience Education Effect on Pain Matrix Processing in an 

Individual with Complex Regional Pain Syndrome: A Single Subject Research Design. European Pain Journal. 2019 

– in preparation 

PNE: Hand CRPS 

Louw  A, Puentedura E, Schmidt S, Zimney K. Pain Neuroscience Education. Vol 2. Minneapolis, MN: OPTP; 2018. 

Fercho KA, Baugh LA, Louw A, Zimney K. Pain Neuroscience Education Effect on Pain Matrix Processing in an 

Individual with Complex Regional Pain Syndrome: A Single Subject Research Design. European Pain Journal. 2019 

– in preparation 

PNE Evidence…. 

   

Louw A, Zimney K, Puentedura EJ, Diener I. The efficacy of pain neuroscience education on 

musculoskeletal pain: A systematic review of the literature. Physiotherapy Theory and Practice. Jul 

2016;32(5):332-355. 

Louw A, Diener I, Butler DS, Puentedura EJ. The effect of neuroscience education on pain, 

disability, anxiety, and stress in chronic musculoskeletal pain. Archives of physical medicine and 

rehabilitation. Dec 2011;92(12):2041-2056. 

Moore RA, Wiffen PJ, Derry S, McQuay HJ. Gabapentin for chronic neuropathic pain and 

fibromyalgia in adults. The Cochrane database of systematic reviews. 2011(3):CD007938. 

Lynch ME, Watson CP. The pharmacotherapy of chronic pain: a review. Pain research & 

management. Spring 2006;11(1):11-38. 

Moseley, G.L, Butler, D, D. Explain Pain Supercharged. Adelaide: NOI Group; 2017. 

The results of this updated systematic 
review of PNE for musculoskeletal pain 

provides strong evidence for PNE 
improving pain ratings, pain knowledge, 
disability, pain catastrophization, fear-

avoidance, attitudes and behaviors 
regarding pain, physical movement and 

healthcare utilization 

 

Louw A, Puentedura EJ, Diener I, Peoples RR. Preoperative therapeutic neuroscience education for lumbar radiculopathy: a sing le-case 

fMRI report. Physiotherapy Theory and Practice. Oct 2015;31(7):496-508. 

Resting Scan 

Painful Task 

Same Painful Task after 20 minute PNE session 

PNE and Brain Activation 

Pain Neuromatrix 

• First Order: Nociceptive 

• Second Order: Perceptive-Attentional 

• Third Order: Reappraisal-Emotional 

Garcia-Larrea, L. and R. 

Peyron (2013). "Pain 

matrices and neuropathic 

pain matrices: a review." 

PAIN® 154: S29-S43. 

PNE for CRPS Single Case Design fMRI 

Fercho KA, Baugh LA, Louw A, Zimney K. Pain Neuroscience Education Effect on Pain Matrix 

Processing in an Individual with Complex Regional Pain Syndrome: A Single Subject Research 

Design. European Pain Journal. 2019 – In Preparation 
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Clinical Cases 

 PNE:  
Hand CRPS 

• Laterality:  

– Frozen Shoulder 

• Motor Imagery:  

– Elbow CRPS 

• Sensory Discrimination: 

– Shoulder 

• Mirror Therapy:  
– Shoulder 

Laterality: Frozen Shoulder 

• 54 year-old lady with a frozen 

shoulder 

• Right handed 

• Denies any trauma 

• Increasing pain and limited 

ROM 

• X-Ray normal 

• Corticosteroid injection 

• “Intensive” physical therapy, 

but pain and ROM got 

progressively worse 

 

 

 

Sawyer EE, McDevitt AW, Louw A, Puentedura EJ, Mintken PE. Use of Pain Neuroscience Education, Tactile 

Discrimination, and Graded Motor Imagery in an Individual With Frozen Shoulder. The Journal of orthopaedic and 

sports physical therapy. Mar 2018;48(3):174-184. 

Laterality: Frozen Shoulder 

• Pain with sleep 
 

• “Afraid to move the arm” 
 

• Hypersensitive to touch 
 

• Increased sensitivity to 

temperature 
 

• “It now hurts for me to even 

watch someone else move 

their shoulder” 

 

 

 

Sawyer EE, McDevitt AW, Louw A, Puentedura EJ, Mintken PE. Use of Pain Neuroscience Education, Tactile 

Discrimination, and Graded Motor Imagery in an Individual With Frozen Shoulder. The Journal of orthopaedic and 

sports physical therapy. Mar 2018;48(3):174-184. 

Laterality: Frozen Shoulder 

• Resting pain 7/10 and worst 

pain 10/10 

 

• Shoulder Pain and Disability 

Index (SPADI): 64% - high level 

of disability 

 

• Fear-Avoidance – high: 

– FABQ-PA: 22 

– FABQ-W: 34 

 
 Sawyer EE, McDevitt AW, Louw A, Puentedura EJ, Mintken PE. Use of Pain Neuroscience Education, Tactile 

Discrimination, and Graded Motor Imagery in an Individual With Frozen Shoulder. The Journal of orthopaedic and 

sports physical therapy. Mar 2018;48(3):174-184. 

Laterality: Frozen Shoulder 

Active ROM 

 
 

Sawyer EE, McDevitt AW, Louw A, Puentedura EJ, 

Mintken PE. Use of Pain Neuroscience Education, 

Tactile Discrimination, and Graded Motor Imagery in 

an Individual With Frozen Shoulder. The Journal of 

orthopaedic and sports physical therapy. Mar 

2018;48(3):174-184. 

Laterality: Frozen Shoulder 

Test Left Right 

2-Point Discrimination (mm) 40 58* 

Hand Laterality Accuracy (%) 70* 50* 

Hand Speed (seconds) 2.2 4.2* 

Shoulder Laterality Accuracy (%) 80 60* 

Shoulder Speed (seconds) 2.5 4.9* 

* Abnormal  

Sawyer EE, McDevitt AW, Louw A, Puentedura EJ, 

Mintken PE. Use of Pain Neuroscience Education, 

Tactile Discrimination, and Graded Motor Imagery in an 

Individual With Frozen Shoulder. The Journal of 

orthopaedic and sports physical therapy. Mar 

2018;48(3):174-184. 
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Laterality: Frozen Shoulder 

Phase 1: PNE 

 Resting pain: decrease 2/10 

 Flexion increased 21º 

 Abduction increased 6º 

 External rotation increased 9º 

Sawyer EE, McDevitt AW, Louw A, Puentedura EJ, Mintken PE. Use of Pain Neuroscience Education, Tactile 

Discrimination, and Graded Motor Imagery in an Individual With Frozen Shoulder. The Journal of orthopaedic and 

sports physical therapy. Mar 2018;48(3):174-184. 

Laterality: Frozen Shoulder 

Laterality: 

• Flash cards 

• Smartphone application 

• Magazines 

• Observing people’s left 

and right 

• 1-2 hours per day in short 

sessions using 20 images 

 

Sawyer EE, McDevitt AW, Louw A, Puentedura EJ, Mintken PE. Use of Pain Neuroscience Education, Tactile 

Discrimination, and Graded Motor Imagery in an Individual With Frozen Shoulder. The Journal of orthopaedic and 

sports physical therapy. Mar 2018;48(3):174-184. 

Laterality: Frozen Shoulder 

0 

20 

40 

60 

80 

100 

120 

Resting Pain Worst Pain Flexion Abduction External Rotation 

Start End 

Sawyer EE, McDevitt AW, Louw A, Puentedura EJ, Mintken PE. Use of Pain Neuroscience Education, Tactile 

Discrimination, and Graded Motor Imagery in an Individual With Frozen Shoulder. The Journal of orthopaedic and 

sports physical therapy. Mar 2018;48(3):174-184. 

Laterality: Frozen Shoulder 

Sawyer EE, McDevitt AW, 

Louw A, Puentedura EJ, 

Mintken PE. Use of Pain 

Neuroscience Education, 

Tactile Discrimination, and 

Graded Motor Imagery in an 

Individual With Frozen 

Shoulder. The Journal of 

orthopaedic and sports 

physical therapy. Mar 

2018;48(3):174-184. 

6 weeks GMI 

sequence 

Clinical Cases 

 PNE:  
Hand CRPS 

 Laterality:  

Frozen Shoulder 

• Motor Imagery:  

– Elbow CRPS 

• Sensory Discrimination: 

– Shoulder 

• Mirror Therapy:  
– Shoulder 

Motor Imagery: CRPS 

• 18 year-old high school athlete 
 

• Softball injury – sudden onset of 

numbness and pain after throw 3 

years ago 
 

• Three surgeries: 

– Ulnar nerve decompression 

– Ulnar nerve transposition 

– Scar tissue removal 
 

• Progressive pain and allodynia 

in the arm, centered around the 

elbow and scar. 
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Motor Imagery: CRPS 

• Pain constant, variable 

• Extreme tenderness to palpation 

• Sleep disturbance at night 
 

• Worse: 

– UE use 

– Touch 

– Temperature changes 
 

• Metter: Medication 

– Hydrocodone 

– Gabapentin 

– Tramadol 

Motor Imagery: CRPS 

• Multiple different tests 

• Multiple different providers 

• Pain steadily increasing 

 

• Biggest issue: 

– Fear of movement 

– Painful “just thinking of 

movement” 
 

Motor Imagery: CRPS 

• Laterality 

– 100% accuracy both hands 

– Ave. speed 2.6 sec./hand 

• Two-point discrimination WNL 

– Left UE = Right UE 
 

• Positive ULNT 3 right 
 

• Grip strength: 

– Left 79lbs. 

– Right 50 lbs. 

• Shoulder ROM: Unable to test  

• Cervical Spine ROM: WFL 

Initial Treatment: PNE & Laterality review 

Louw A, Louw C, 

Zimney K. Why Are 

My Nerves So 

Sensitive? 

Minneapolis, MN: 

OPTP; 2014. 

Motor Imagery: CRPS 

Initial Treatment: PNE – she “got it” 

Motor Imagery: CRPS 

• Stellate Ganglion Block: “Our gap” 
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Motor Imagery: 

CRPS 

Motor Imagery: CRPS 

Clinical Cases 

 PNE:  
Hand CRPS 

 Laterality:  

Frozen Shoulder 

Motor Imagery:  

Elbow CRPS 

• Sensory Discrimination: 

– Shoulder 

• Mirror Therapy:  
– Shoulder 

Sensory Discrimination: Shoulder 

Convenience sample:  

• 55 patients with shoulder pain and 

limited ROM 

• Ave. age 56.27 years 

• 66% female 

• Surgical 42 (76%) 

• Ave. duration of pain 32.9 months 

Pain and Decreased Range of Motion in Knees and Shoulders: A Brief Sensory Remapping Intervention – 

Louw, Farrell, Zimney, et.al.; Pain and Rehabilitation 2017 

Sensory Discrimination: Shoulder 

Treatment: 

• 5 minute 

localization 

task 

Pain and Decreased Range of Motion in Knees and Shoulders: A Brief 

Sensory Remapping Intervention – Louw, Farrell, Zimney, et.al.; Pain 

and Rehabilitation 2017 

Sensory Discrimination: Shoulder 

Results: 

• Immediate significant 

improvement in active shoulder 

flexion (p = 0.001) 

 

• 50% of the patients meeting or 

exceeding the minimal detectable 

change for active flexion 

 

Pain and Decreased Range of Motion in Knees and Shoulders: A Brief Sensory Remapping Intervention – Louw, 

Farrell, Zimney, et.al.; Pain and Rehabilitation 2017 
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Clinical Cases 

 PNE:  
Hand CRPS 

 Laterality:  

Frozen Shoulder 

Motor Imagery:  

Elbow CRPS 

 Sensory Discrimination: 

Shoulder 

• Mirror Therapy:  
– Shoulder 

Mirror Therapy: Shoulder 

• 69 consecutive patients with shoulder 

pain and limited active ROM 
 

• 35 female (50.7%) 
 

• Ave. age 57.3 years 
 

• Ave. duration of pain 28.2 months 
 

• 49.3% had shoulder surgery 

Louw A, Puentedura EJ, Reese D, Parker P, Miller T, Mintken PE. Immediate Effects of Mirror Therapy in Patients 

With Shoulder Pain and Decreased Range of Motion. Arch Phys Med Rehabil. Oct 2017;98(10):1941-1947. 

Mirror Therapy: Shoulder 

Most common: 

• Sub-acromial impingement (24.6%) 

• Postoperative rotator cuff repair (20.3%) 

• Total shoulder replacement (13%) 

• Frozen shoulder (8.7%) 

• Non-surgical rotator cuff tear (5.8%) 

 

 
Louw A, Puentedura EJ, Reese D, Parker P, Miller T, Mintken PE. Immediate Effects of Mirror Therapy in Patients 

With Shoulder Pain and Decreased Range of Motion. Arch Phys Med Rehabil. Oct 2017;98(10):1941-1947. 

Treatment 

• 10 times active flexion of the unaffected 

arm and observed in the mirror 

• Ave. duration 3 minutes 

Affected 

Arm 

Unaffected 

Arm 

Louw A, Puentedura EJ, Reese D, Parker P, Miller T, Mintken PE. 

Immediate Effects of Mirror Therapy in Patients With Shoulder Pain 

and Decreased Range of Motion. Arch Phys Med Rehabil. Oct 

2017;98(10):1941-1947. 

Results 

Significant differences in: 

 Self-reported pain (p=.014) 

 Pain Catastrophization (p<.001) 

 Tampa Scale of Kinesiophobia (p=.012) 

 

 There was a significant increase (mean 

= 14.5º) in affected shoulder flexion 

AROM immediately post-mirror therapy 

(p<0.001) 

Louw A, Puentedura EJ, Reese D, Parker P, Miller T, Mintken PE. Immediate Effects of Mirror Therapy in Patients 

With Shoulder Pain and Decreased Range of Motion. Arch Phys Med Rehabil. Oct 2017;98(10):1941-1947. 

If the brain is our  

ultimate representational device, perhaps our 

ultimate treatment target should be directed 

toward the representation 
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