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Objectives

 Focus your therapies

 Understand the underlying process, treat 
accordingly

 Corticosteroids are not Evil 

 There are other options than stopping what 
you’re doing



Elite

Olympic Athlete 

https://youtu.be/ToPRDDPN4xg


Elite (cont)
 What does it take to be elite? 

 Ericsson 3 Stages of Expert

 Start at an early age

 Specialize and increase participation 

 Dedicate full-time commitment

 10 Years/10k hour rule



Elite (cont)



Elite (cont)



Elite (cont)
 Benefits of Specialization

 Self-determination, commitment and motivation 
(psychosocial development)

 Exploration of physical abilities (physical 
development & motor skills)

 Engagement in “play”

 Improving adult habits

 Risks
 Sports-related injury

 Disordered eating

 Psychologic stress (low self-confidence/esteem)

 Burnout



Case Presentation



Case Presentation (cont)
 Treatment:

 Corticosteroid; Oral vs Injectable
 NSAIDs; Oral vs Topical
 Eccentric Strengthening
 Ice/Heat
 Compression/KT taping
 Dry Needling vs Tendon Fenestration
 Biologic Therapies: PRP, Prolotherapy, Stem Cells
 Testosterone 
 Nitroglycerin
 Viscosupplementation 
 Tenex
 Surgery
 Narcotics
 Kitchen Sink



Injury/Pathology



Injury/Pathology (cont)



Injury/Pathology (cont)



Histology [Tendinopathy]



Histology [Tendinopathy]



Histology [Tendinopathy]



Histology [Osteoarthritis]



 Prevalence and burden of Msk issues is high

Injury/Pathology (cont)



Objectives (revisited)

 Focus your therapies

 Understand the underlying process, treat 
accordingly

 Corticosteroids are not Evil 

 There are other options than stopping what 
you’re doing



Therapeutics
 Historical approach

 Corticosteroids

 NSAIDs

 Tylenol

 IA CS

 IA Viscosupplementation

 Novel 

 Nitroglycerin

 Biologic Therapies: PRP, Prolotherapy, Stem Cells

 Testosterone 

 Surgical 

 Tenex



Therapeutics (Knee OA)



 Pharmacologic Management  Oral/Injectable 

Pain Improvement 

Therapeutics (Knee OA)



 Pharmacologic Management  Oral/Injectable 

Function

Therapeutics (Knee OA)



 Pharmacologic Management  Oral/Injectable 

Function

Therapeutics (Knee OA)



Osteocytes

 Mechano-sensing cells that influence osteoclast and 

osteoblast activity

 Various cytokines and growth factors secreted by 

osteoclast/osteoblasts of OA sclerotic bone promote 

cartilage loss (proteoglycans)
 Osteocyte deaths confirmed in OA subchondral 

boneincreased subchondral bone remodeling

 dysregulation of 

osteoclast/osteoblastssubchondral bone 

osteoporotic changes

Therapeutics (Knee OA)



 Optimal Management of Symptomatic OA 
requires a combination of pharmacologic and 
non-pharmacologic therapies

 Activity:

 Strength training (isometric knee extensions in 
sitting for each leg 5x/wk)

 Cardiovascular land  exercise

 Aquatic exercise

 Weak evidence of stretching/balance

 Therapy:

 Manual therapy + Supervised exercise plan

 Weight Loss

 Weight loss

Therapeutics (Knee OA)

Zhang W et al. OARSI recommendations for the management of hip and knee osteoarthritis, Part II: OARSI 

evidence-based, expert consensus guidelines. Osteoarthritis and Cartilage (2008) 16, 137-62.



 Topical Nitroglycerin (Shoulder)

Therapeutics: Novel



 Topical Nitroglycerin (Shoulder)

Therapeutics: Novel



 Topical Nitroglycerin (Shoulder)

Therapeutics: Novel



 Topical Nitroglycerin (Achilles)

Therapeutics: Novel



 Topical Nitroglycerin (Achilles)

Therapeutics: Novel



 Topical Nitroglycerin (Achilles)

Therapeutics: Novel



 Topical Nitroglycerin (Achilles)

Therapeutics: Novel



 Topical Nitroglycerin (Elbow)

Therapeutics: Novel



 Topical Nitroglycerin (Elbow)

Therapeutics: Novel



 Topical Nitroglycerin (Elbow)

Therapeutics: Novel



 Topical Nitroglycerin (Elbow)

Therapeutics: Novel



 PRP (Platelet Rich Plasma)

 Platelets promote blood clotting, tissue proliferation, 

healing and remodeling

 Triggering growth factors and 

cytokines within their 

alpha granules

Therapeutics: Novel



PRP (cont)
Lateral Epicondylitis

Mishra A and Pavelko T. AJSM. 2006:
 Cohort Study [Level II]: 20 pts failed PT, 

non-operative care (~ 15 m)

 PRP or bupivicaine  VAS, Mayo score

 4 wks: 46% improvement (vs. 17%)

 8 wks: PRP 60% improved VAS (vs. 16%)

 6 months: 81% improvement in VAS

 ~ 25 m: 93% reduction in pain compared to 
pre-injection

Peerbooms J. AJSM. 2010
 Double Blind Randomized Control Trial: 51 

pts PRP vs 49 steroid  VAS, DASH

 49% Steroid group vs 73% of PRP 
successful at one year follow up

 Steroid group initially did better but 
declined over the year



Therapeutics: Novel
 PRP (OA)



Therapeutics: Novel
 PRP (OA)



Therapeutics: Novel
 PRP



Therapeutics: Novel
 PRP



 Prolotherapy

 Injuryattracts granulocytes which are then activated and 
release chemotactic factors to attract macrophages to the area of 
injury. 

 Macrophages serve to remove the cellular debris as well as secrete 
growth factors to attract fibroblasts to the injury site. 

 Granulation tissue is subsequently formed when the fibroblasts 
produce collagen fibers onto the area

 Several types of proliferant solutions have been identified in the 
initiation of this inflammatory cascade. 

 Irritants (ex. phenol), chemotactic agents, osmotic agents (e.g. 
dextrose) and particulates (e.g. pumice flour) are four types of 
prolotherapy solutions.

 Dextrose is thought to dehydrate cells and release cytokines 
which in turn attracts macrophages as well. 

Therapeutics: Novel



Therapeutics: Novel
 Prolotherapy (cont)

 2007 Maxwell

 36 patients w/ symptomatic Achilles tendinosis (midportion and 
insertional)

 U/S demonstrated neovascularity, increased tendon thickness, mixed 
echogenicity, intratendinous calcifications.

 25% dextrose solution (1mL of 2% Lidocaine + 1mL 50% dextrose) 

 Injection q6wks until resolved

 Mean treatment sessions: 4.0

 Pain scales improved at 6wks and 12 months

 U/S findings improved (except calcification)



Therapeutics: Novel

 Stem Cells
 Bone Marrow Aspirate

 Bone marrow is composed of mesenchymal stem cells (hematopoietic 
and non-hematopoietic).  The proliferation and differentiation of these 
stem cells are regulated by multiple factors, including cytokines, growth 
factors, systemic hormones and transcriptional regulators.  Mesenchymal 
stem cells are multipotent cells capable of differentiation into several 
lineages including bone, fat, cartilage and muscle cells.

 Usually obtained from iliac crest via biopsy (sometimes tibia, calcaneus)

 Adipose Cells
 Adipose derived stem cells were shown to be as effective as bone 

marrow stem cells by their mulitpotency and proliferative efficiency

 Usually obtained from abdominal wall soft tissue



Therapeutics: Novel

 Stem Cells (cont)

 Bone Marrow Aspirate

 Fortier et al. (2010) 

 12 horses. 1.5cm cartilage defects; microfracture vs microfracture + 
BMAC

 @8 months, improved defect filling in the microfx + BMAC group

 McIlwrath (2011)

 Similar results in horses with 1.0cm cartilage defects @ 1 year

 Many human subject studies using BMAC w/ hyaluronic acid 
scaffolding for the treatment of chondral defects in knee, talus

 Trend toward improvement but little statistical significance



Therapeutics: Novel
 Stem Cells (cont)

 Adipose Tissue
 Clinical outcome of autologous bone marrow aspirates concentrate (BMAC) injection in 

degenerative arthritis of the knee.
 PURPOSE: 

 As a treatment method of degenerative arthritis of knee, this study evaluated the clinical efficacy of 
the intra-articular injection of autologous bone marrow aspirates concentrate (BMAC) with adipose 
tissue.

 MATERIALS AND METHODS: 
 Between April 2011 and May 2012, 41 patients (75 knees) who were diagnosed as a degenerative 

knee arthritis and underwent the BMAC injection with adipose tissue were included in this study. 
Mean age was 60.7 years old (ranged 53-80). Kellgren-Lawrence grade was used for assessing 
radiologic degree of osteoarthritis; there were each 12, 24, 33, and 6 cases of grade I, II, III, and IV. 
At preoperative and postoperative 3, 6, and 12 months, pain score using visual analogue scale 
(VAS) and functional scales were used for evaluation.

 RESULTS: 
 After the procedure, mean VAS score was decreased from 7.0 preoperatively to 4.1, 3.5, and 3.3 

postoperatively 3, 6, and 12 months. And functional scores were also improved; International Knee 
Documentation Committee score (from 37.7 preoperatively to 59.3, 66.3, 69.3 postoperatively all 
increased after the procedure. When classified according to K-L grade, the improvement of VAS 
score in grade IV group was 8.2 preoperatively to 5.5, 5.3, and 5.7 postoperatively, which was 
significantly poorer than those of grade I-III groups. In the knee functional scales, similar pattern 
was checked.

 CONCLUSIONS: 
 BMAC injection significantly improved both knee pain and functions in the patients with 

degenerative arthritis of knee. Also, the injection would be more effective in early to moderate 
phases.



Therapeutics: Novel

 Anabolics (Testosterone)
 BACKGROUND: 

 To date, no studies document the effect of anabolic steroids on rotator cuff tendons.

 STUDY DESIGN: 
 Controlled laboratory study.

 HYPOTHESIS: 
 Anabolic steroids enhance remodeling and improve the biomechanical properties of bioartificially engineered human 

supraspinatus tendons.

 METHODS: 
 Bioartificial tendons were treated with either nandrolone decanoate (nonload, steroid, n = 18), loading (load, nonsteroid, n 

= 18), or both (load, steroid, n = 18). A control group received no treatment (nonload, nonsteroid [NLNS], n = 18). 
Bioartificial tendons' remodeling was assessed by daily scanning, cytoskeletal organization by staining, matrix 
metalloproteinase-3 levels by ELISA assay, and biomechanical properties by load-to-failure testing.

 RESULTS: 
 The load, steroid group showed the greatest remodeling and the best organized actin cytoskeleton. Matrix metallo-

proteinase-3 levels in the load, steroid group were greater than those of the nonload, nonsteroid group (P <.05). Ultimate 
stress and ultimate strain in the load, steroid group were greater than those of the nonload, nonsteroid and nonload, 
steroid groups (P <.05). The strain energy density in the load, steroid group was greater when compared to other groups (P 
<.05).

 CONCLUSIONS: 
 Nandrolone decanoate and load acted synergistically to increase matrix remodeling and biomechanical properties of 

bioartificial tendons.

 CLINICAL RELEVANCE: 
 Data suggest anabolic steroids may enhance production of bioartificial tendons and rotator cuff tendon healing in vitro. 

More research is necessary before such clinical use is recommended.



Therapeutics: Novel
 Minimally Invasive Surgery (TENEX)



Therapeutics: Novel
 Minimally Invasive Surgery (Tenex)



Objectives (revisited)

 Focus your therapies

 Understand the underlying process, treat 
accordingly

 Corticosteroids are not Evil 

 There are other options than stopping what 
you’re doing



HEALTH



 Kent State University Athletics - The Gold Standard

Bio-Psycho-Social Model

http://kentstatesports.com/sports/2014/7/28/Gold Standard.aspx


 Pending STUDY PROTOCOL 

 Psychological skills training and a mindfulness-based 
intervention to enhance functional athletic performance: 
design of a randomized controlled trial using 
ambulatory assessment

Bio-Psycho-Social Model



 Pilot Study Investigating changes in neural processing 
after mindfulness training in elite athletes

 Athletes underwent mPEAK training (Mindful 
Performance Enhancement, Awareness and Knowledge)

 Main results: 

 1) Elite athletes self-reported higher levels of interoceptive 
awareness and mindfulness

 2) Greater insula and Anterior cingulate cortex activity 

 Training may lead to increased attention to bodily signals 
and greater neural processing during the anticipation and 
recovery from interoceptive perturbations (mindfulness 
tx)greater adaptation

 Seen on FMRI scans

Bio-Psycho-Social Model



Objectives (revisited)

 Focus your therapies

 Understand the underlying process, treat 
accordingly

 Corticosteroids are not Evil 

 There are other options than stopping what 
you’re doing



Ultrasound: What we see first



Ultrasound (cont): With Ultrasound



A mechanical, longitudinal wave with a 
frequency above the level of human hearing 
(>20 kHz)

Medical Diagnostic Ultrasound is 2MHz-
20MHz

Ultrasound (cont)



Ultrasound (cont)
 Electric charge sent to transducer

 Electric charge causes piezoelectric crystals to vibrate

 Piezoelectric crystal vibration create sound wave that travels 
through tissue

 Ultrasound waves travel through and reflect off structures 
in the body

 Sound waves reflect back to the transducer converted to 
an electric currentimage



6-13 MHz transducer

Very good resolution 

Less penetration

2-5 MHz transducer

Less resolution

Deeper penetration

Ultrasound (cont)



Ultrasound (cont)

 Echogenicity

 Hypoechoic: less echogenic than surrounding tissue

 Hyperechoic: more echogenic than surrounding 
tissue

 Anechoic: absence of echoes

 Isoechoic: same echogenicity as surrounding tissue

 Depth: Can’t control depth of beam (frequency) but can 
control depth of displayed data (focus)

 Gain: More tissue = more attenuation 

 Compensate by gain; brighter/darker



 Diagnosis 

 RTC pathology 

 Achilles rupture

 Hamstring (muscle defects)

 Fracture

 Injury Trending

 Therapeutic 

 Hip 

 Glenohumeral

 Small joint 

 Nerve 

 Tendon

 Muscle

Ultrasound (cont)



Ultrasound Evidence

 Diagnosis1

 Office-based U/S

 Correct diagnosis for 37/42 
(88%) shoulders with a 
full-thickness RCT

 26/37 (70%) shoulders with 
a partial-thickness RCT 
only

 16/20 (80%) shoulders with 
normal tendons

 MRI (95%, 73%, 75%) 
respectively



 Accuracy2

 Guided injections 
(shoulder) tend to be 
more accurate in 
placement as compared 
to blind injections

Ultrasound Evidence



 Efficacy3

 2 RCTs pooled data

 Improved pain and 
function at 6 weeks post-
injection guided vs blind

Ultrasound Evidence



Ultrasound and Neovascularization



 Cook JL, et al. Vascularity and pain in the Patellar Tendon of Adult 
Jumping Athletes: A 5 Month Longitudinal Study. Br J Sports Med 
2005; 39: 458-461. 
 Study Design: Longitudinal Study
 Background: Study investigated changes in tendon vascularity in 102 (67 men, 35 women) 

volleyball players over a 6 mo competitive season
 Methods: Athletes examined with both grey scale U/S and color Doppler settings.  Vessel 

length and pain measured each month on 5 occasions
 Vascular tendons: 1) 5/5 Persistent vascularity 2) >2, <5 occasions (intermittent)

 Results:
 41/133 abnormal tendons were vascular on >/= 2 occasions
 No significant gender difference
 Significant changes:

 Subjects with changes in both tendons more likely to have persistent vascularity (p=0.045)
 Vessels were larger in tendons with persistent vascularity (p<0.000)
 Pain greater in persistent rather than intermittent vascularity (p=0.043)

 Conclusions
 Presence of blood vessels more likely to be source of pain than flow in them
 Vascularity/NeovascularizationPain

U/S and Neovascularization (cont)



 Malliarus P, et al. Patellar Tendons with Normal Imaging and Pain: Change 
in Imaging and Pain Status over a Volleyball Season. Clin J Sports Med 2006; 
16: 388-391.
 Study Design: Longitudinal Study
 Background: 101 male and female volleyball athletes. Investigate the behavior of tendons with normal imaging and pain over a volleyball 

season.
 Methods: Imaging and pain scores at beginning and end of competitive season.  Imaging (ultrasound->hypoechoic regions, thickening). 

Pain scores: Single leg decline squat test.
 Results: 

 Conclusion: Imaging cannot be used to determine whether pain in the region of the patellar tendon is tendon based. 

U/S and Neovascularization (cont)



Demonstration



Case Presentation (revisited)



 Banned Substances

 International:

 http://globaldro.com/Home

 http://list.wada-ama.org/

 NCAA

 http://www.ncaa.org/2016-17-ncaa-banned-
drugs

 State (NFHS)

 https://www.nfhs.org/sports-resource-
content/supplements-position-statement/

 Micronutrient Testing

 https://www.spectracell.com/patients/patient
-micronutrient-testing/

Other: 

http://globaldro.com/Home
http://list.wada-ama.org/
http://www.ncaa.org/2016-17-ncaa-banned-drugs
https://www.nfhs.org/sports-resource-content/supplements-position-statement/
https://www.spectracell.com/patients/patient-micronutrient-testing/


Objectives (revisited)

 Focus your therapies

 Understand the underlying process, treat 
accordingly

 Corticosteroids are not Evil 

 There are other options than stopping what 
you’re doing
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