
APTA CSM Hand and Upper Extremity 

Academy: Frozen Shoulder 

January 2019 

Property of ISPI/Adriaan Louw – not to 

be copied without permission 1 

Academy of Hand and Upper 
Extremity PT 
 

Adriaan Louw, PT, PhD 

Stephen Schmidt, PT, M.Phys, OCS, FAAOMPT 

Paul Mintken, PT, DPT, OCS, FAAOMPT 

The Frozen 

Shoulder Has 

A Brain 

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 

Frozen Shoulder 

1872 Duplay 

“Peri-arthritis” 

1934 Codman 

“Frozen Shoulder” 
1945 Naviesar 

“Adhesive Capsulitis” 

Dias R, Cutts S, Massoud S. Frozen shoulder. Bmj. Dec 17 

2005;331(7530):1453-1456. 

Ernest Amory Codman: 1934 

Frozen Shoulder common features: 

• Gradual onset  

• Pain near insertion of the deltoid 

• Inability to sleep on the affected 

side  

• Painful and restricted active and 

passive ROM  

• Normal radiologic appearance 

 
Dias R, Cutts S, Massoud S. Frozen shoulder. Bmj. Dec 17 

2005;331(7530):1453-1456. 

Codman E. The Shoulder. Boston, USA: Thomas Todd; 1934. 

Fast Forward to 2018 In Physical Therapy… 

Kelley MJ, McClure PW, Leggin BG. Frozen shoulder: evidence and a proposed model guiding 

rehabilitation. The Journal of orthopaedic and sports physical therapy. Feb 2009;39(2):135-148. 
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Kelley MJ, McClure PW, Leggin BG. Frozen shoulder: evidence and a proposed model guiding 

rehabilitation. The Journal of orthopaedic and sports physical therapy. Feb 2009;39(2):135-148. 

Kelley MJ, McClure PW, Leggin BG. Frozen shoulder: evidence and a proposed model guiding 

rehabilitation. The Journal of orthopaedic and sports physical therapy. Feb 2009;39(2):135-148. 

• Pathological changes in the anterior shoulder joint capsule and related 

structures  

• Imaging identified pathological changes occurring in the coraco-humeral 

ligament, axillary fold and rotator interval.  

• Obliteration of the sub-coracoid fat triangle also appeared to be 

pathognomonic.  

• Histological studies inconclusive but suggests immune, inflammatory and 

fibrotic changes are associated with primary frozen shoulder. 

Ryan V, Brown H, Minns Lowe CJ, Lewis JS. The pathophysiology associated with primary 

(idiopathic) frozen shoulder: A systematic review. BMC musculoskeletal disorders. Aug 15 

2016;17(1):340. 

Risk Factors 

• 2-5% of general population are diagnosed 

• Diabetes Mellitus:10-30% of diabetics  

• Thyroid dysfunction:11-13% with hyper- or hypothyroidism  

• Also associated with myocardial infarct, autoimmune disease, 

trauma and immobilization 

Kelley MJ, McClure PW, Leggin BG. Frozen shoulder: evidence and a proposed model guiding 

rehabilitation. The Journal of orthopaedic and sports physical therapy. Feb 2009;39(2):135-148. 
Kelley MJ, McClure PW, Leggin BG. Frozen shoulder: evidence and a proposed model guiding 

rehabilitation. The Journal of orthopaedic and sports physical therapy. Feb 2009;39(2):135-148. 
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Gross visual findings during arthroscopic surgery  

• Abnormal villous fronding of the synovium 

• Highly vascular: thickened scarring spreading 
across the rotator interval  

• Synovitis between biceps and subscapularis 

• Patchy, vascular, matted area of granulation 
tissue around origin of LH biceps and into the 
subscapularis recess  

Bunker, Ann R Coll Surg Engl,1997, Esch, J Shld Elbow Surg, 1994, Segmuller, J Shld Elbow 

Surg, 1995, Wiley, Arthroscopy, 1991, Uitvligt, Arthroscopy, 1993 

Histopathology 

• Leukocytes and macrophages were scant.. 

• Appears to be a fibrous contracture of the rotator interval 

and coracohumeral ligament of the shoulder joint.  

• Composed of a dense collagen matrix, consisting mainly 

of mature type III collagen. 

• Highly cellular, and the cells are fibroblasts and 

contractile myofibroblasts, similar to Dupuytren's 

contracture. 

• Evidence of new nerve growth  

• Elevated serum cytokine levels causing a sustained 
intense and protracted inflammatory/fibrotic response 
affecting the synovial lining and capsulo-ligamentous 
complex. 
 

Bunker, Ann R Coll Surg Engl,1997, Esch, J Shld Elbow Surg, 1994, Segmuller, J Shld Elbow 

Surg, 1995, Wiley, Arthroscopy, 1991, Uitvligt, Arthroscopy, 1993 

Physical Therapy Diagnosis 

• >25% ROM loss in 2 planes 

• >50% loss of PROM in ER 

  OR 

• <30 degrees of ER 

• May or may not have capsular pattern as described by Cyriax 

Kelley MJ, McClure PW, Leggin 

BG. Frozen shoulder: evidence 

and a proposed model guiding 

rehabilitation. The Journal of 

orthopaedic and sports physical 

therapy. Feb 2009;39(2):135-

148. 

Natural History of a Frozen Shoulder 

• Little agreement in the literature 
 

• Codman: “...even the most severe cases 

recover with or without treatment in about 

2 years”      
 

• Castellarin: “20-40 % of cases do not 

respond to conservative treatment”                         

Codman E. The Shoulder. Boston, USA: Thomas Todd; 1934. 

Castellarin G, Ricci M, Vedovi E, et al. Manipulation and arthroscopy under general anesthesia 

and early rehabilitative treatment for frozen shoulders. Archives of physical medicine and 

rehabilitation. Aug 2004;85(8):1236-1240. 

Duration with Conservative Treatment 

• Reeves (n = 41): Ave. 30.1 months 

• Shaffer, et. al. (n = 62): Ave. 12 months 

• Miller, et. al. (n = 50): Ave. 14 months 

 

 

 

 

Reeves B. The natural 

history of the frozen 

shoulder syndrome. 

Scandinavian journal of 

rheumatology. 

1975;4(4):193-196. 

Shaffer B, Tibone JE, 

Kerlan RK. Frozen 

shoulder. A long-term 

follow-up. The Journal 

of bone and joint 

surgery. American 

volume. Jun 

1992;74(5):738-746. 

Miller MD, Wirth MA, 

Rockwood CA, Jr. 

Thawing the frozen 

shoulder: the "patient" 

patient. Orthopedics. 

Oct 1996;19(10):849-

853. 

Long-Term Effects 

• Reeves  

– At 5 year f/u:  54% with limited ROM 

– 7% with functional limitation 

• Shaffer, et. al.  

– At 7 year f/u: 43% with limited ROM 

– 11% had functional limitation 

• Miller, et. al.  

– At 10 year f/u: 100% regained 
‘functional ROM’ 

 

 

 

 

Reeves B. The natural history of the frozen shoulder syndrome. Scandinavian journal of 

rheumatology. 1975;4(4):193-196. 

Shaffer B, Tibone JE, Kerlan RK. Frozen shoulder. A long-term follow-up. The Journal of bone and 

joint surgery. American volume. Jun 1992;74(5):738-746. 

Miller MD, Wirth MA, Rockwood CA, Jr. Thawing the frozen shoulder: the "patient" patient. 

Orthopedics. Oct 1996;19(10):849-853. 
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Treatment Options 

 Benign neglect (do nothing) 
(Dierks and Stevens, 2004) 

 

 NSAIDs or SAIDs  
(Buchbinder et al., 2006) 

 

 Cortisone injections 
(Carette et al., 2003; Bal, et al., 2008) 

 

 Physical therapy  

Including manual therapy 

 

 

Diercks RL, Stevens M. Gentle thawing of the 

frozen shoulder: a prospective study of 

supervised neglect versus intensive physical 

therapy in seventy-seven patients with frozen 

shoulder syndrome followed up for two years. 

Journal of shoulder and elbow surgery. Sep-Oct 

2004;13(5):499-502. 

Buchbinder R, Green S, Youd JM, Johnston RV. 

Oral steroids for adhesive capsulitis. Cochrane 

Database Syst Rev. Oct 18 2006(4):CD006189. 

Carette S, Moffet H, Tardif J, et al. Intraarticular 

corticosteroids, supervised physiotherapy, or a 

combination of the two in the treatment of 

adhesive capsulitis of the shoulder: a placebo-

controlled trial. Arthritis and rheumatism. Mar 

2003;48(3):829-838. 

Bal A, Eksioglu E, Gulec B, Aydog E, Gurcay E, 

Cakci A. Effectiveness of corticosteroid injection 

in adhesive capsulitis. Clinical rehabilitation. Jun 

2008;22(6):503-512. 

Treatment Options 

 Manipulation under 

anesthesia (MUA) 
– Long lever MUA (MD) 

– Translational MUA (PT) 

 Distention injections 

(hydroplasty) 

 Open or arthroscopic 

surgical release 
– (Le Lievre & Murrell 2012; 

Rookmoneea et al., 2010; 

Neviaser & Hannifin, 2010) 

 

 

Le Lievre HM, Murrell GA. Long-term 

outcomes after arthroscopic capsular release 

for idiopathic adhesive capsulitis. The Journal 

of bone and joint surgery. American volume. 

Jul 3 2012;94(13):1208-1216. 

Neviaser AS, Hannafin JA. Adhesive capsulitis: 

a review of current treatment. The American 

journal of sports medicine. Nov 

2010;38(11):2346-2356. 

Rookmoneea M, Dennis L, Brealey S, et al. 

The effectiveness of interventions in the 

management of patients with primary frozen 

shoulder. The Journal of bone and joint 

surgery. British volume. Sep 2010;92(9):1267-

1272. 

Cortisone Injections 

• Strong evidence that 

injections reduce pain in 

the short term (4-6 weeks)  

• Inflammatory process? 

• Intra-articular vs sub-

acromial 

• Long term efficacy 

questionable 
 

Carette S, Moffet H, Tardif J, et al. Intraarticular corticosteroids, supervised physiotherapy, or a 

combination of the two in the treatment of adhesive capsulitis of the shoulder: a placebo-controlled 

trial. Arthritis and rheumatism. Mar 2003;48(3):829-838. 

Bal A, Eksioglu E, Gulec B, Aydog E, Gurcay E, Cakci A. Effectiveness of corticosteroid injection in 

adhesive capsulitis. Clinical rehabilitation. Jun 2008;22(6):503-512. 

Physical therapy: Modalities 

• Often used in conjunction with manual techniques and exercise 

• Electrotherapy: Some evidence for TENS 

– Ionto- and phonophoresis not supported 

– Heat, ultrasound, diathermy improve ROM over sham 

• Little evidence for modalities in isolation 

• May reduce pain and muscle spasms in order to facilitate 

stretching/manual techniques 

 

 

Rizk TE, Christopher RP, Pinals RS, Higgins AC, Frix R. Adhesive capsulitis (frozen shoulder): a 

new approach to its management. Archives of physical medicine and rehabilitation. Jan 

1983;64(1):29-33. 

Jewell DV, Riddle DL, Thacker LR. Interventions associated with an increased or decreased 

likelihood of pain reduction and improved function in patients with adhesive capsulitis: a 

retrospective cohort study. Physical therapy. May 2009;89(5):419-429. 

Alexander LD, Gilman DR, Brown DR, Brown JL, Houghton PE. Exposure to low amounts of 

ultrasound energy does not improve soft tissue shoulder pathology: a systematic review. Physical 

therapy. Jan 2010;90(1):14-25. 

Leung MS, Cheing GL. Effects of deep and superficial heating in the management of frozen 

shoulder. Journal of rehabilitation medicine. Feb 2008;40(2):145-150. 

Physical Therapy: Exercise 

• Home exercises are important 

• Worse outcomes with aggressive stretching 

• Use irritability and severity as guide 

– Wand exercises 

– Door pulleys 

– Self distraction/mobilization 

– Pendulum exercises 

– Lower trap strength  

– Scapular strengthening 

• Facilitate normal movement patterns  

 
Lin JJ, Wu YT, Wang SF, Chen SY. Trapezius muscle imbalance in individuals suffering from frozen 

shoulder syndrome. Clinical rheumatology. Nov 2005;24(6):569-575. 

Celik D. Comparison of the outcomes of two different exercise programs on frozen shoulder. Acta 

orthopaedica et traumatologica turcica. 2010;44(4):285-292. 

Physical Therapy 

Stretching at later stages 

• Done to remodel collagen matrix 

• TERT (Total End Range Time)   

– Frequency x Duration = TERT; e.g., 10 min, 

3x/day = 30 min of TERT 

– Start at 30 minutes, recommended 60 minutes/day 

– Adjust frequency, duration and intensity (pain 

tolerance)  

 Increase as irritability decreases 

• Emphasis on rotator interval (anterior) and CHL 

• No standardized/accepted durations/frequencies or 

intensities 

• Stress/Strain models suggest 30 minutes?  

McClure PW, Flowers KR. 

Treatment of limited shoulder 

motion using an elevation splint. 

Physical therapy. Jan 

1992;72(1):57-62. 

McClure PW, Blackburn LG, 

Dusold C. The use of splints in 

the treatment of joint stiffness: 

biologic rationale and an 

algorithm for making clinical 

decisions. Physical therapy. Dec 

1994;74(12):1101-1107. 

Kelley MJ, McClure PW, Leggin 

BG. Frozen shoulder: evidence 

and a proposed model guiding 

rehabilitation. J Orthop Sports 

Phys Ther. Feb 2009;39(2):135-

148. 

Kelley MJ, Shaffer MA, Kuhn 

JE, et al. Shoulder pain and 

mobility deficits: adhesive 

capsulitis. J Orthop Sports Phys 

Ther. May 2013;43(5):A1-31. 
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Glenohumeral Joint Mobilization 

• Weak evidence to support it over other 

interventions 
 

• Grade depends on severity and irritability 
 

• High Grade vs. Low Grade 

– 100 subjects, 12 week follow up 

– Both groups showed ↓ in disability 

– Small difference with HG group 
improved more with P/AROM ER, 
PROM ABD 

 

Vermeulen HM, Rozing PM, Obermann WR, le Cessie S, Vliet Vlieland TP. Comparison of 

high-grade and low-grade mobilization techniques in the management of adhesive capsulitis 

of the shoulder: randomized controlled trial. Physical therapy. Mar 2006;86(3):355-368. 

Glenohumeral Joint Mobilization 

• Yang, et. al. 2007: 

– End-range mobilization (ERM) 

– Mid-range mobilization (MRM) 

– Mobilization with movement (MWM) 
 

• 28 subjects, only 12 week follow up 

– Significantly better outcome scores with 

ERM and MWM over MRM 

– Additionally MWM significantly improved 

scapulohumeral rhythm over ERM 

Yang JL, Chang CW, Chen SY, Wang SF, Lin JJ. Mobilization techniques in subjects with frozen 

shoulder syndrome: randomized multiple-treatment trial. Physical therapy. Oct 2007;87(10):1307-

1315. 

Direction? 

Johnson AJ, Godges JJ, Zimmerman GJ, Ounanian LL. The effect of anterior versus posterior glide 

joint mobilization on external rotation range of motion in patients with shoulder adhesive capsulitis. 

The Journal of orthopaedic and sports physical therapy. Mar 2007;37(3):88-99. 

Direction? 

• Randomized 20 patients to receive 

15 reps of 1 minute sustained 

glides 

• Anterior Kaltenborn Grade III 

• Posterior Kaltenborn Grade III 
 

• ER ROM significantly better with 

posterior glides over anterior glides 

by third visit 
 

• Defied Concave/Convex Rule 

Johnson AJ, Godges JJ, Zimmerman GJ, Ounanian LL. The effect of anterior versus posterior glide 

joint mobilization on external rotation range of motion in patients with shoulder adhesive capsulitis. 

The Journal of orthopaedic and sports physical therapy. Mar 2007;37(3):88-99. 

Manipulation Under Anesthesia (MUA)  

• Usually long lever arm forces 

• Tissue non-specific 

• Significant hemarthrosis results 

• Possible Complications 

– Fracture 

– Brachial plexus injury 

– Dislocation 

– Labral and/or RTC tears 

• Can be an effective intervention   

Kelley MJ, McClure PW, Leggin BG. 

Frozen shoulder: evidence and a 

proposed model guiding rehabilitation. 

J Orthop Sports Phys Ther. Feb 

2009;39(2):135-148. 

Kivimaki J, Pohjolainen T, Malmivaara 

A, et al. Manipulation under 

anesthesia with home exercises 

versus home exercises alone in the 

treatment of frozen shoulder: a 

randomized, controlled trial with 125 

patients. Journal of shoulder and 

elbow surgery / American Shoulder 

and Elbow Surgeons ... [et al.]. Nov-

Dec 2007;16(6):722-726. 

Castellarin G, Ricci M, Vedovi E, et al. 

Manipulation and arthroscopy under 

general anesthesia and early 

rehabilitative treatment for frozen 

shoulders. Arch Phys Med Rehabil. 

Aug 2004;85(8):1236-1240. 

Translational Manipulation by PT 

– Grade V HVLA thrust 

– Completed under scalene block 

• Increased ROM 

• Increased Function 

• Decrease Pain 

– No adverse events 

Roubal PJ, Dobritt D, Placzek JD. Glenohumeral gliding manipulation following interscalene brachial 

plexus block in patients with adhesive capsulitis. The Journal of orthopaedic and sports physical 

therapy. Aug 1996;24(2):66-77. 

Placzek JD, Roubal PJ, Freeman DC, Kulig K, Nasser S, Pagett BT. Long-term effectiveness of 

translational manipulation for adhesive capsulitis. Clinical orthopaedics and related research. Nov 

1998(356):181-191. 

Boyles RE, Flynn TW, Whitman JM. Manipulation following regional interscalene anesthetic block for 

shoulder adhesive capsulitis: a case series. Manual therapy. May 2005;10(2):164-171. 
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Gentle Thawing… 

Supervised neglect (n = 45) 

• Explanation of the natural 

course of the disease 

• Instructed not to exercise in 

excess of their pain threshold 

• Instructed to do pendulum 

exercises and active exercises 

within pain-free range 

• Resume all activities that were 

tolerated.  

Physical Therapy group (n = 32) 

• Active exercises up to and 

beyond the pain threshold 

• Passive stretching and manual 

therapy of the GH joint 

• HEP aimed at stretching and 

maximizing ROM 

 

Diercks RL, Stevens M. Gentle thawing of the frozen shoulder: a prospective study of supervised 

neglect versus intensive physical therapy in seventy-seven patients with frozen shoulder syndrome 

followed up for two years. J Shoulder Elbow Surg. Sep-Oct 2004;13(5):499-502. 

Diercks RL, Stevens M. Gentle thawing of the frozen shoulder: a prospective study of supervised 

neglect versus intensive physical therapy in seventy-seven patients with frozen shoulder syndrome 

followed up for two years. J Shoulder Elbow Surg. Sep-Oct 2004;13(5):499-502. 

What Happened Here? 

Diercks RL, Stevens M. Gentle thawing of the frozen shoulder: a prospective study of supervised 

neglect versus intensive physical therapy in seventy-seven patients with frozen shoulder syndrome 

followed up for two years. J Shoulder Elbow Surg. Sep-Oct 2004;13(5):499-502. 

Diercks RL, Stevens M. Gentle thawing of the frozen shoulder: a prospective study of supervised 

neglect versus intensive physical therapy in seventy-seven patients with frozen shoulder syndrome 

followed up for two years. J Shoulder Elbow Surg. Sep-Oct 2004;13(5):499-502. 

Are we too aggressive with these 

patients early on? 

Kelley MJ, McClure PW, Leggin BG. Frozen shoulder: evidence and a proposed model guiding 

rehabilitation. The Journal of orthopaedic and sports physical therapy. Feb 2009;39(2):135-148. 
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Kelley MJ, McClure PW, Leggin BG. Frozen shoulder: evidence and a proposed model guiding 

rehabilitation. The Journal of orthopaedic and sports physical therapy. Feb 2009;39(2):135-148. 

Kelley MJ, McClure PW, Leggin BG. Frozen shoulder: evidence and a proposed model guiding 

rehabilitation. The Journal of orthopaedic and sports physical therapy. Feb 2009;39(2):135-148. 

Isn’t this the title? 

A Pain Science View of Frozen Shoulder 1. Consciousness 

• It’s impossible to have pain 

and not know about it 
 

• Pain is a conscious decision 

by the brain as a means to 

protect 
 

• Conscious function is part of 

the pain neuromatrix via the 

hypothalamus and thalamus 

 

Moseley GL. Reconceptualising pain according to modern pain 

sciences. Physical Therapy Reviews. 2007;12:169-178. 

Melzack R. Gate control theory: on the evolution of pain. Pain 

Forum. 1996;5:128-138. 

Melzack R. Pain and the neuromatrix in the brain Journal of Dental 

Education. 2001;65:1378-1382. 
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What if we alter consciousness? 

Passive shoulder abduction and external rotation ROM were measured 

in 5 patients scheduled for capsular release surgery for frozen shoulder 

before and after the administration of general anesthesia.  

Hollmann L, Halaki M, Kamper SJ, Haber M, Ginn KA. Does muscle guarding play a role in 

range of motion loss in patients with frozen shoulder? Musculoskeletal science & practice. Oct 

2018;37:64-68. 

2. Neglect and Smudging 

Neuroplasticity 

• Biologically coded 

• Environmentally sculpted 

 

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 

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. 

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. 

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. 
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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 

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. 

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 

82
 

38
 

12
 

97
 

43
 

17
 

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. 

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 
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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 
 

Frozen Shoulder: 

• 4/5 dropped pain score ≥ 1 point 

• Fear physical activity: Dropped 45% 

• Flexion improved 5 degrees 

 

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

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

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) 
 

Frozen shoulders: 

• PCS dropped 15% 

• Flexion improved 10 degrees (range 0-20º) 

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. 
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3. Threat 

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 GL. Reconceptualising pain acording to modern 

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

178. 

3. Threat 

• 11 patients with primary frozen shoulder 
 

• Targeted the phases of frozen shoulder:  

– Pain predominant (n=5) 

– Stiffness predominant (n=4) 

– Residual stiffness predominant 

following hospital treatment (n=2) 
 

• 6 Females 

• Predominantly between 50-59 years of age 

• 3 Patients diabetic 

Jones S, Hanchard N, Hamilton S, Rangan A. A qualitative study of patients' perceptions and 

priorities when living with primary frozen shoulder. BMJ open. Sep 26 2013;3(9):e003452. 

3. Threat 

• The most important themes: 

– Pain which was severe as well as inexplicable 

– Inconvenience/disability arising from 
increasing restriction of movement  

– Confusion/anxiety associated with delay in 
diagnosis and uncertainty about the 
implications for the future 

– Treatment-related aspects 
 

• There was a general lack of information from 
clinicians about the condition with over-reliance 
on verbal communication and very little written 
information.  

Jones S, Hanchard N, Hamilton S, Rangan A. A qualitative study of patients' perceptions and 

priorities when living with primary frozen shoulder. BMJ open. Sep 26 2013;3(9):e003452. 

3. Threat 

4. Multiple System Output 

Gifford LS. Pain, the tissues and the nervous 

system. Physiotherapy. 1998;84:27-33. 

4. Multiple System Output 
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4. Multiple System Output 

Sympathetic 

Immune 

Endocrine 

Parasympathetic 

Motor 

GI System 

Other 

Gifford LS. Pain, the tissues and the nervous system. Physiotherapy. 1998;84:27-33. 

Melzack R. Pain and the neuromatrix in the brain J Dent Educ. 2001;65:1378-1382. 

Sapolsky RM. Why Zebras Don't Get Ulcers. New York: Freeman; 1994. 

4. Multiple System Output 

Louw, A; Zimney, K; Schmidt, S; Puentedra, EJ. Treat the Patient; not the Label: A Pain 

Neuroscience Education Update; Journal of Woman’s Health Physical Therapy; 2019 – accepted for 

publication 

5. Nerve Growth 

• Increased nerve fibers 

• Inflammation with fibroblastic 

proliferation 

 

Hand GC, Athanasou NA, Matthews T, Carr AJ. The 

pathology of frozen shoulder. J Bone Joint Surg Br. 

2007;89:928-932.  

5. Nerve Growth: Demyelination 

• Removing myelin: 

– Mechanical 

– Immune 

– Chemical 

 

 

Devor M. The pathophysiology of damaged peripheral nerves. In: Wall PD, Melzack R, eds. 

Textbook of Pain. 3rd ed. Edinburgh: Churchill Livingstone; 1994. 

5. Nerve Growth: Ion Channel Expression 

Devor M. The pathophysiology of damaged 

peripheral nerves. In: Wall PD, Melzack R, eds. 

Textbook of Pain. 3rd ed. Edinburgh: Churchill 

Livingstone; 1994. 

6. Cytokines and Inflammation 

Significant increased chronic 

inflammatory response with 

fibroblastic proliferation 

 

Hand GC, Athanasou NA, Matthews T, Carr AJ. The 

pathology of frozen shoulder. J Bone Joint Surg Br. 

2007;89:928-932.  
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HPA Axis, Pain and Frozen Shoulder? 

Choy EH, Corkill MM, Gibson T, 

Hicks BH. Isolated ACTH deficiency 

presenting with bilateral frozen 

shoulder. Br J Rheumatol. Jun 

1991;30(3):226-227. 

Cortisol regulates…Cytokines 

• Messengers of the immune system 

• Produced by a broad range of cells, including 

immune cells (macrophages, B lymphocytes, 

T lymphocytes and mast cells) 

• Participate in synaptic transmission in 

neurons and glial cells 

• Cytokines regulate inflammation 
 

 
Hand GC, Athanasou NA, Matthews 

T, Carr AJ. The pathology of frozen 

shoulder. J Bone Joint Surg Br. 

2007;89:928-932.  

Frozen Shoulder and Cytokine Balance… 

• A disproportion of pro-inflammatory and anti-inflammatory cytokines 

leads to a chronic peripheral sensitization of nervous system. 

• Release of chemokines and cytokines that elicit peripheral sensitization.  

Hand GC, Athanasou NA, Matthews T, Carr AJ. The pathology of frozen shoulder. J Bone Joint 

Surg Br. 2007;89:928-932.  

Females, FS and Hormones… 

Sheridan MA, Hannafin JA. Upper extremity: emphasis on frozen shoulder. The Orthopedic 

clinics of North America. Oct 2006;37(4):531-539. 

Females, FS and Hormones… 

• Woman: heightened inflammatory responses than men  

• Peripheral afferent nerves contain estrogen receptors, resulting in 

increased afferent discharge, possibly linking to increased central 

sensitization 

Hand GC, 

Athanasou NA, 

Matthews T, Carr 

AJ. The pathology 

of frozen 

shoulder. J Bone 

Joint Surg Br. 

2007;89:928-932.  

7. Fear-Avoidance 

Vlaeyen JWS, Linton SJ. Fear-avoidance and its 

consequences in chronic musculoskeletal pain: a 

state of the art. Pain. 2000;85:317-322. 
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Vlaeyen JW, Crombez G, Linton SJ. The fear-avoidance model of pain. Pain. Aug 

2016;157(8):1588-1589. 

8. Microcirculation 

• Inflammatory disease? 

• Studies showing no significant inflammatory 

cells in capsular tissue 

Bunker TD, Anthony PP. The 

pathology of frozen shoulder. A 

Dupuytren-like disease. The 

Journal of bone and joint surgery. 

British volume. Sep 

1995;77(5):677-683. 

Bunker TD, Reilly J, Baird KS, 

Hamblen DL. Expression of 

growth factors, cytokines and 

matrix metalloproteinases in 

frozen shoulder. The Journal of 

bone and joint surgery. British 

volume. Jul 2000;82(5):768-773. 

Lundberg BJ. The frozen 

shoulder. Clinical and 

radiographical observations. The 

effect of manipulation under 

general anesthesia. Structure and 

glycosaminoglycan content of the 

joint capsule. Local bone 

metabolism. Acta Orthop Scand 

Suppl. 1969;119:1-59. 

 

• ? Decreased microcirculation 

Bunker TD, Anthony PP. The pathology of frozen 

shoulder. A Dupuytren-like disease. The Journal of bone 

and joint surgery. British volume. Sep 1995;77(5):677-

683. 

Bunker TD, Reilly J, Baird KS, Hamblen DL. Expression 

of growth factors, cytokines and matrix 

metalloproteinases in frozen shoulder. The Journal of 

bone and joint surgery. British volume. Jul 

2000;82(5):768-773. 

Ide J, Takagi K. Early and long-term results of 

arthroscopic treatment for shoulder stiffness. Journal of 

shoulder and elbow surgery. Mar-Apr 2004;13(2):174-

179. 

8. Microcirculation 

Image from: Clemente C. Anatomy: A Regional Atlas of the Human Body. Third 

ed. Baltimore: Urban & Schwarzenberg; 1987. 

8. Microcirculation 

 

 

• The brain and spinal cord: 2% of 

the total body mass 

• Consume 20-25% of the available 

oxygen in the circulating blood  

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. 

8. Microcirculation and Axoplasm 

Axoplasm 

• Cellular transport 

• To/from the cell body 

• Viscosity: 3-4 times thicker 

than water 

• Twice as thick in diabetic 

patients 

 

Mackinnon SE, Dellon AL. Surgery of the Peripheral Nerve. New 

York: Thieme; 1988. 

9. Central Sensitization and Allodynia 

Gifford LS. Pain, the tissues and the nervous system. 

Physiotherapy. 1998;84:27-33. 
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9. Central Sensitization and Allodynia 

There is some evidence that a subgroup of shoulder patients, including 

frozen shoulder, with central mechanisms dominant in their clinical 

presentation. Sanchis MN, Lluch E, Nijs J, Struyf F, 

Kangasperko M. The role of central 

sensitization in shoulder pain: A 

systematic literature review. Seminars in 

arthritis and rheumatism. Jun 

2015;44(6):710-716. 

Noten S, Struyf F, Lluch E, D'Hoore M, 

Van Looveren E, Meeus M. Central Pain 

Processing in Patients with Shoulder 

Pain: A Review of the Literature. Pain 

Pract. Oct 14 2016. 

Struyf F, Meeus M. Current evidence on 

physical therapy in patients with 

adhesive capsulitis: what are we 

missing? Clin Rheumatol. May 

2014;33(5):593-600. 

Kelley MJ, McClure PW, Leggin BG. Frozen shoulder: evidence and a proposed model guiding 

rehabilitation. The Journal of orthopaedic and sports physical therapy. Feb 2009;39(2):135-148. 

Could it be? 

Nociceptive Peripheral Neurogenic Central/Nociplastic 

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. 
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So what? 

Kelley MJ, McClure PW, Leggin BG. Frozen shoulder: evidence and a proposed model guiding 

rehabilitation. The Journal of orthopaedic and sports physical therapy. Feb 2009;39(2):135-148. 

? Add Neurogenic 

Kelley MJ, McClure PW, Leggin BG. Frozen shoulder: evidence and a proposed model guiding 

rehabilitation. The Journal of orthopaedic and sports physical therapy. Feb 2009;39(2):135-148. 

Don’t forget the brain Clinical Tests 

• Frozen shoulder population needs “non-traditional” sensory tests 

– Two point discrimination 

– Laterality (Left-Right Discrimination) 

– Localization 

– Graphesthesia 

Screening Tools/Outcome Measures 

• Central Sensitization Inventory 

• Pain Catastrophization 

• Fear-Avoidance 

• Body Charts (brain mapping) 

Kelley MJ, McClure PW, Leggin BG. Frozen shoulder: evidence and a proposed model guiding 

rehabilitation. The Journal of orthopaedic and sports physical therapy. Feb 2009;39(2):135-148. 

• Pain Neuroscience 

Education 

 

• Graded Motor Imagery 
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What do patients want from us? 

• Clear diagnosis 

• Education about their problem 

• Personalized and individualized care 

• Prognosis and plan of care 

• Explanation of treatment 

• Pain relief and improved function 

• Thorough physical examination 

Verbeek J, Sengers MJ, Riemens L, Haafkens J. Patient expectations of treatment for back pain: a systematic 

review of qualitative and quantitative studies. Spine. Oct 15 2004;29(20):2309-2318. 

Puentedura EJ, Cleland JA, Landers MR, Mintken PE, Louw A, Fernandez-de-Las-Penas C. Development of a 

clinical prediction rule to identify patients with neck pain likely to benefit from thrust joint manipulation to the cervical 

spine. The Journal of orthopaedic and sports physical therapy. 2012;42(7):577-592. 

Hopayian K, Notley C. A systematic review of low back pain and sciatica patients' expectations and experiences of 

health care. The spine journal : official journal of the North American Spine Society. Aug 1 2014;14(8):1769-1780. 

McRae M, Hancock MJ. Adults attending private physiotherapy practices seek diagnosis, pain relief, improved 

function, education and prevention: a survey. J Physiother. Oct 2017;63(4):250-256. 

The “ah-ha” moment…  (for us) 

Louw A, Puentedura EJ, Zimney K, 

Schmidt S. Know Pain, Know Gain? 

A Perspective on Pain Neuroscience 

Education in Physical Therapy. J 

Orthop Sports Phys Ther. Mar 

2016;46(3):131-134. 

Gifford L. Aches and Pain. 

Cornwall: Wordpress; 2014. 

. 

 

Who needs PNE? 

• Who needs PNE? 

– Central sensitization  

– Chronic pain  

– Patients who have had multiple treatment “failures” 

– Patients referred to therapy specifically for PNE  

– Patients with high levels of fear (FABQ) 

– Patients displaying various pain catastrophization characteristics 

Louw A, Zimney K, O'Hotto C, Hilton S. The clinical application of teaching people about pain. 

Physiotherapy Theory and Practice. Jul 2016;32(5):385-395. 

Louw A, Puentedura E, Zimney K, Cox T, Rico D. The Clinical Implementation of Pain Neuroscience 

Education: A Survey Study. Physiotherapy Theory and Practice. 2017 - accepted for publication. 

Remember her? 

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. 

Frozen Shoulder PNE 

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. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

Pain (rest) Pain (worst) 

Before PNE After PNE 

0 

20 

40 

60 

80 

100 

120 

Flexion Abduction 

Before PNE After PNE 

Don’t forget the person 

attached to the frozen 

shoulder 
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 The efficacy of PNE on musculoskeletal pain: A 

systematic review of the literature 

Moseley  

2002 

Moseley  

2003 

Moseley  

2004 

Ryan 

2010 

Meeus 

2010 

VibeFersum 

2012 

Gallagher 

2013 

Van 

Oostervijk 13 

Ittersum 

2014 

Louw 

2014 

Tellez 

2014 

Beltran 

2015 

Pires 

2015 

PNE + 

Movement 

PNE 

Only 

In all but one of these studies 

did patients have statistically 

significant (p<0.05) decrease in 

pain ratings 
 

The other group: NONE 

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. 

Don’t forget the person 

attached to the frozen 

shoulder 

PNE+: A non-pharmacological 

program 

Louw  A, Puentedura E, Schmidt S, 

Zimney K. Pain Neuroscience 

Education. Vol 2. Minneapolis, MN: 

OPTP; 2018. 

Finally: It isn’t all brain either…. 
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