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Objectives

 Focus your therapies

@z Understand the underlying process, treat
accordingly

o Corticosteroids are not Evil

 There are other options than stopping what
you're doing





https://youtu.be/ToPRDDPN4xg

Elite (cont)

v What does it take to be elite?

@ Ericsson 3 Stages of Expert
® Start at an early age
8 Specialize and increase participation

8 Dedicate full-time commitment

@ 10 Years/10k hour rule




Elite (cont)

\ Women's Men's Ice \
Student-Athletes |Men's Basketball Basketball Football Baseball Hockey Men's Soccer
High School
Student-Athletes 538,676 433,120 1,086,627 474 791 35,198 410,982
High School
Senior Student- 153,907 123,749 310 465 135,655 10,057 117,423
Athletes
MNCAA Student-
Alhletes 17,984 16,186 70,147 32,450 3,964 23,365
NCAA Freshman
Roster Positions |2+ 120 4.625 20,042 9,271 1,133 6,676
NCAA Senior
Student-Athletes |20 3,997 15,588 7.211 881 5,192
MNCAA Student-
Athletes Drafted |0 32 254 678 7 101
Percent High
School to NCAA |23 3.7% 6.5% 6.8% 11.3% 5.7%
Percent NCAA |, oo 0.9% 1.6% 9.4% 0.8% 1.9%
to Professional
Percent High
School to 0.03% 0.03% 0.08% 0.50% 0.07% 0.09%

Professional




Elite (cont)

National
Competition

Regional Competition

Sports Clubs - Local Competition

School Sport and Physical Education




Elite (cont)

. Benefits of Specialization

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

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

z Engagement in “play”
@ Improving adult habits
2 Risks
@ Sports-related injury
@ Disordered eating
@ Psychologic stress (low self-confidence/esteem)
@ Burnout



Case Presentation
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Legend: arrowheads, patellar tendon; arrow, deep infrapatellar bursa;
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Case Presentation (cont)

k Treatment:
@ Corticosteroid; Oral vs Injectable
NSAIDs; Oral vs Topical
Eccentric Strengthening
Ice/Heat
Compression/KT taping
Dry Needling vs Tendon Fenestration
Biologic Therapies: PRD, Prolotherapy, Stem Cells
Testosterone
Nitroglycerin
Viscosupplementation
Tenex
Surgery
Narcotics
Kitchen Sink
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Injury/Pathology (cont)

Unloaded tendon
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Injury/Pathology (cont)

Summary of tendinosis pathology

Tenocytes
(tendon
fibroblasts)

Extracellular
matrix

Collagen
Vessels/
MErves

Morphological changes

Normal, elongated fibroblasts
Intact collagen
Sparse proteoglycan and wvessels

Abnormal stribution of tenocytes
Less elongated tenocytes

Mitotic or pyknotic nuclei

Mucinous degeneration

Fibrocartilage metaplasia

Separation
Disorganization/scarring
Fibril breaks/tears

1 Fibril diameter

Vascular hyperplasia
Mewural sprouting
Edema

Increased blood flow
Mast cells

Biochemical changes

T DNA content

T Tenocyte turnower
(death and proliferation)

T Lipid

T Sulphated protecglycan
conbent

T calcium

l Total collagen content
T Percent of Type III collagen

l Resistance to enzymatic
degradation

T Collagenase activity

T Substance P




Histology [Tendinopathy]
== O Q<—

Tenocytes
Macroph ages Mast cells

k—ﬁ

Cytokines
0, free radicals Angiogenic factors
Proteases Growth factors

Cytokines

Proinflammatory SRR T e Neoangiogenesis
Degeneration e Reparative process

: Early Tendinopathy

Millar NL et al. Inflammation is present in early human
tendinopathy. Am J Sports Med. 2010 Oct; 38(10): 2085-91.




Histology [Tendinopathy]

W control
matched subscap
# Torn Supraspinatus
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Histological Score
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CD68 €D 206 Mast cell tryptase C CD34
Figure 1. Relative expression of cell markers in human
tendon samples. Histologic scoring system: 0 = no stain-
ing, 1 = <10% cells positive, 2 = 10% to 20% cells posi-
tive, grade 3 = >20% cells positive. Data displayed as
mean = standard error of the mean; n =20 for supraspina-
tus and matched subscapularis, n =10 for control group.
tR< .07 R < 00T

Millar NL et al. Inflammation is present in early human
tendinopathy. Am J Sports Med. 2010 Oct; 38(10): 2085-91.



Histology [Tendinopathy]

Feature

Meamn vessel count”
Inflammat cell eount?
Macrophages
Mast cells
M macrophages
T cells
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TABLE 2
Histologic Features in Control, Matched Subscapularis, and Torn Supraspinatus Tendon Samples
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Millar NL et al. Inflammation is present in early human
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Histology [Osteoarthritis]

Synovial  /
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Chevalier X et al. Biologic agents in osteoarthritis: hopes and
disappointments. Nature Reviews Rheumatology 9, 400-410 (July
2013).
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Injury/Pathology (cont)

w Prevalence and burden of Msk issues is high

m Osteoarthritis (10.5%)

® Rheumatoid Arthritis (2.3%)

m Gout (0.1%)

® Low Back Pain (49.6%)

® Neck Pain (20.1%)

W Other Musculoskeletal Disorders (17.3%)

Proportions of YLDs in 2010 for each of the MSK disorders, GBD 2010 Study.

March L et al. Burden of Disability due to Musculoskeletal (Msk)
Disorders. Best Practice & Research Clinical Rheumatology 28 @@
(2014) 353-366.



Objectives (revisited)

 Focus your therapies

@z Understand the underlying process, treat
accordingly

o Corticosteroids are not Evil

 There are other options than stopping what
you're doing

‘A



Therapeutics

& Historical approach
@ Corticosteroids
@ NSAIDs
@ Tylenol
z IA CS
@ IA Viscosupplementation
& Novel
@ Nitroglycerin
z Biologic Therapies: PRP, Prolotherapy, Stem Cells
@ Testosterone
& Surgical
@ Tenex




Therapeutics (Knee OA)

Figure 1. Network of treatment comparisons for pain.

Oral placebo
(n=7696)

IA placebo

(n = 3664) , Acetaminophen

(n=1877)

p— 7Ibuprofen
1A hyaluronl ¢ acld > (n=1317)
(n = 4806)

.Naproxen
Celecoxlb (n = 3283)
(n =7579)

Comparlsons THals, n
Oral placebo vs. acetaminophan

Oral placebo vs. diclofenac

Oral placebo vs. Ibuprofen

Acetaminophen vs. diclofenac
Acetaminophen vs. Ibuprofen
Acetaminophen vs. naproxen
Acetaminophen vs, celecoxlk
Diclofenac vs. celecoxlb
Diclofenac vs. 1A hyaluronicacld
Diclofenac vs. 1A placebo
Ibuprofen vs. 1A hyaluronlcacld
Naproxen vs. celecoxlb
Naproxen vs. 1A haluronic acld
Naproxen vs. IA placebo

1A Hyaluronle acid vs. 1A corticosterolds
1A Hyaluronle acid vs. 1A placebo
1A Cortlcosterolds 1A placebo




Therapeutics (Knee OA)

w Pharmacologic Management Oral/Injectable
Pain Improvement

Supplement Figure 1: Forest plot of absolute treatment effects (WOMAC 0-100)
Compared with oral placebo I

m Acstaminophen 19.55 (16.48, 22.85)

m |A Placebo 21.97 (16.48, 27 46)

m Celecoxib 2285 (21.09, 24 83)
m Naproxen 23.95(21.53, 26.36)
M |buprofen 2527 (21.09, 29.44)

M Diclofenac 27.02 (23.07, 30.76)

m |A Corticosteroids  29.00 (22.63, 35.15)

® |A Hyaluronic acid 29.44 (24,17, 34.93)

0.00 10.00 20.00 30.00 40.00

Elue line at 20.00 represents the line of clinical significance Bannuru Ann Intern Med. 2015




Therapeutics (Knee OA)

w Pharmacologic Management Oral/Injectable
Function

Mean differences for function at 3 months
Treatment

IA Placebo
Acetaminophen
A CS

Celecoxib

Naproxen

=]
Ibuprofen —H
—

Diclofenac - B

A HA T

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Mean differences
Bannuru Ann Intern Med. 2015




Knee-only OA
without co-morbidities

Core Treatments
Appropriate for all individuals

Land-based exercise
Weight management
Strength training

Water-based exercise
Self-mgmt and education

Recommended treatments*
Appropriate for the following OA types:

Knee-only OA
with co-morbidities

*Biomechanicalinterventions
*Intra-articular Corticosteroids
*Topical NSAIDs

*Walking Cane

*Oral COX-2 Inhibitors
(selective NSAIDs)

*Capsaicin

*Oral Non-selective NSAIDs
*Duloxetine

*Acetaminophen (Paracetamol)

*Biomechanical interventions
*Walking Cane
sIntra-articular
Corticosteroids

*Topical NSAIDs

Multi-joint OA
without co-morbidities

*Oral COX-2 Inhibitors
(selective NSAIDs)
*Intra-articular Corticosteroids
*Oral Non-selective

NSAIDs

*Duloxetine
*Biomechanicalinterventions
*Acetaminophen (Paracetamol)

*0ARSI also recommends referral for consideration of open orthopedic surgery if more conservative treatment modalities are fo und

ineffective.

Therapeutics (Knee OA)

OARSI Guidelines forthe Non-surgical Management of Knee OA

Multi-joint OA
with co-morbidities




Therapeutics (Knee OA)

r Osteocytes

@ Mechano-sensing cells that influence osteoclast ar
osteoblast activity

@ Various cytokines and growth factors secreted by
osteoclast/osteoblasts of OA sclerotic bone proma
cartilage loss (proteoglycans)

@ Osteocyte deaths confirmed in OA subchondral
bone->increased subchondral bone remodeling

x —>dysregulation of
osteoclast/osteoblasts>subchondral bon
osteoporotic changes

lijima H, Aoyama T, Ito A, Yamaguchi S, Nagai M, Tajino J, Zhang X, Kuroki
H, Effects of short-term gentle treadmill walking on subchondral bone in a rat model of instability-
induced osteoarthritis, Osteoarthritis and Cartilage (2015), doi: 10.1016/j.joca.2015.04.015.



Therapeutics (Knee OA)

x Optimal Management of Symptomatic OA
requires a combination of pharmacologic and

non-pharmacologic therapies

z Activity: a
3 Strength training (isometric knee extensions in W
sitting for each leg 5x/wk) = o y
5 Cardiovascular land exercise ‘%"f ;'
a Aquatic exercise ,""*‘“ ﬂ
8 Weak evidence of stretching/balance = \ |
@ Therapy: .
3 Manual therapy + Supervised exercise plan
T

w Weight Loss
5 Weight loss

‘A

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.



Therapeutics: Novel

w Topical Nitroglycerin (Shoulder)

Topical Glyceryl Trinitrate Application
In the Treatment of Chronic
Supraspinatus Tendinopathy

A Randomized, Double-Blinded,

Placebo-Controlled Clinical Trial

1 L
|I—-L—'|JL—'|—;‘“ Ho |.|I—.|_|I— =ty =la o J—u—;.

P TIPPEF IR I SR
Sydiney Australa




Therapeutics: Novel

xw Topical Nitroglycerin (Shoulder)
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Therapeutics: Novel

w Topical Nitroglycerin (Shoulder)

TABLE 2
Numerical Breakdown of Side Effects
and Paracetamol Usze in the
Glyceryl Trinitrate Group and the Placebo Group®
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Therapeutics: Novel

w Topical Nitroglycerin (Achilles)

TopriCAL GLYCERYL TRINITRATE
TREATMENT OF CHRONIC
NONINSERTIONAL
ACHILLES TENDINOPATHY

A RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED TRIAL

By JusTIN A. PAOLONI, MBEBS, RICHARD C. APPLEVARD, PHD,
JANTS NELSON, MCLINPHARM, 4ND GEORGE A.C. MURRELL, MBBS, DPHIL




Therapeutics: Novel

w Topical Nitroglycerin (Achilles)
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Therapeutics: Novel

w Topical Nitroglycerin (Achilles)
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Therapeutics: Novel

w Topical Nitroglycerin (Achilles)
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Therapeutics: Novel

w Topical Nitroglycerin (Elbow)

Topical Nitric Oxide Application in the
Treatment of Chronic Extensor Tendinosis
at the Elbow

A Randomized, Double-Blinded, Placebo-Controlled
Clinical Trial

Justin A. Paoloni, MBBS, Richard C. Appleyard, PhD, Janis Nelson, MClinPharm, and
George A. C. Murrell,* MBBS, DPhil

From the Orthopaedic Research Institufe, St. George Hospital Campus, University of New
South Wales, Sydney, New South Wales, Australia




Therapeutics: Novel

w Topical Nitroglycerin (Elbow)
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Therapeutics: Novel

w Topical Nitroglycerin (Elbow)
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Therapeutics: Novel

w Topical Nitroglycerin (Elbow)
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Figure 1. Effects of glyceryl trinitrate (GTN) versus placebo
on elbow pain with activity. Statistically significant differences
between groups are shown with an asterisk (*, P <2 0.05), and
significant differences within groups are shown with crosses
(+++, P < 0.001).




Therapeutics: Novel

& PRP (Platelet Rich Plasma)
@ Platelets promote blood clotting, tissue proliferation,

healing and remodeling
@ Triggering growth factors and

Tabhle 1

cytokines within their

Growth factors

alpha granules

Transforming growth
factor beta (TGFB)

Hepatocyte growth
factor (HGF)

Vascular endothelial
growth factor (VEGF)

Platelet-derived
growth factor (PDGF)

Insulin-like growth
factor (IGF)

Fibroblast Growth
Factor-2 (FGF)

Connective tissue
growth factor (CTGF)

Platelet growth factors presentin platelet-rich plasma (PRP), with their main effects.

Role in the joint

Regulates collagen production and
proteoglycan synthesis

Promotes chondrocyte proliferation and
differentiation

Stimulates angiogenesis

Regulates the release of other growth factors
Inhibits the pro-inflammatory NF-kB pathway
Stimulates angiogenesis

Increases angiagenesis and hlood vessel
permeability

Promotes endothelial cell proliferation
Increases angiogenesis

Promotes fibroblast and osteoblast
proliferation and differentiation

Regulates collagen production and
proteoglycan synthesis

Inhibits the pro-inflammatory NF-kB pathway
Stimulates osteoblast and chondrocyte
proliferation and differentiation

Stimulates the production of extracellular —
matrix D
Promotes chondrocyte and mesenchymatous
stemn cell differentiation

Stimulates chondrogyte proliferation
Stimulates hyaluronic acid production by
synovial cells

Increases angiogenesis

Stimulates angiogenesis

Promotes chondrocyte differentiation
Promotes platelet adhesion



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

@ Steroidc?roup initially did better but
declined over the year




Therapeutics: Novel

& PRP (OA)

P. Ornetti et al. / foint Bone Spine 83 (2016) 31-36

f N\
GROWTH FACTORS |

TGFp " CARTILAGE
HGF

VEGF
PDGF
IGE
FGF
CTGF

Chondroprotection ?

Chondroedifferentiation ?

Chondrt lulation ?

CYTOKINES ‘ On fibrocartilage? {menisci)

Proinflammatory:
TNF, IL1, IL6, IL8,
1L17,1L18

Antiinflammatory!
IL1R1, IL4, IL10,IL13
Interféron Y

.

P o o
COAGULATION/ADHESION |
FACTORS ——

Fibrinogen
Plasminogen

Fact V, Vi, X1, X1
Protein

PF4

TSP1

Etc. / \ \ OTHER POTENTIAL

- o EFFECTS
MISCELLANEOUS ‘

* On subchondral bone?
Leucocytes {L-PRP)
Histamine * On coagulation?
parnLon’ll 2 + On dysplastic tissues?
a2macroglobulin

* On microbial agents?

SYNOVIAL MEMBRANE

Anabolic or catabolic effect?

Modulation of synoviocytes?

Production of hyaluronic
acld?

INFLAMMATION
AND ANGIOGENESIS

Pro- or
antiinflammatory

Maodulation of the NF-
kB pathway?
Modulation of
anglogenesis?

Fig. 1. Main components of platelet-rich plasma (FRP), with their potential effects on the osteoarthritis process.




Therapeutics: Novel
& PRP (OA)

Platelet-Rich Plasma Augmentation of Arthroscopic
Hip Surgery for Femoroacetabular Impingement:
A Prospective Study With 24-Month Follow-up

Claudio Rafols, M.D., Juan Eduardo Monckeberg, Ph.D., M.D., Jorge Numair, M.D.,
Julio Botello, M.D., and Julio Rosales, M.D.

NORMAL




Therapeutics: Novel

v PRP

Table 2. Operative Findings in Both Gro

Mixed FAI, n Cam FAL n Pincer FAT, n Labral Tears, 1 No. of Anchors Used in Surgery, Mean (Range)*
With PRP 16 14 0 30 29 (1-5)
Without PRP 17 10 0 ¥ 2.7 (1-4)

Pvalue P =43 P= 34 P=11 P =41

FAT, femoroacetabular impingement; PRP platelet-
*The number of anchors indirectly reflects the size of the labral tear.

CE Angle, °
; Preoperatively _ erativ Preoperati\
With PRP 34.18 (16-49) 62.57 (57-82) _ )
without PRP 36.5 (17-52) 60.51 {55-30) 40.6 (40-44)
P value P =32 P =42 P =31
NOTE. Data are presented as mean (range). The groups were shown to be comparable regarding all variables.
CE, center edge; PRP, platelet-rich plasma.




Therapeutics: Novel

v PRP

Table 4. VAS and mHHS Results in Both Grg

VAS Score
Preop Op 3 mo Postop
5.04 (5-8) 3.04 (1-4) 1.22 (1-4)
4.94 (4-7) 5.2 (4-6) 1.2 (1-4)
P= .45 05 P= .54

With PRP
Without PRP
P value

NOTE. Data are presented as mean (range).
mHHS, modified Harris Hip Score; Postop, postoperatively; Preop, preoperatively; PRP, platelet-rich plasma; VAS, visual analog scale.

6 mo Postop
0.71 {0-3)
0.77 {0-6)

F= .65

Preop
70.79 (50-80)
71.48 {60-80)

mHHS

3 mo Postop

91.79 (85-95)

90.97 (80-95)
P=.65

6 mo Postop

94.8 (90-98)

94.0 (85-95)
P =.65




Therapeutics: Novel

w Prolotherapy

@ Injury—>attracts granulocytes which are then activated and
release chemotactic factors to attract macrophages to the area of
injury.

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

a7 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.

7 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

& Prolotherapy (cont)
@ 2007 Maxwell

3

]

8 9B b YL I

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 + ImL 50% dextrose)
Injection g6wks until resolved

Mean treatment sessions: 4.0

Pain scales improved at 6wks and 12 months

U/S findings improved (except calcification)

‘A



Therapeutics: Novel

x Stem Cells

%z Bone Marrow Aspirate

3y Bone marrow is composed of mesenchymal stem cells (hematopoietic
and non-hematopoietic). The proliferation and ditferentiation 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.

7 Usually obtained from iliac crest via biopsy (sometimes tibia, calcaneus)
@ Adipose Cells

8y Adipose derived stem cells were shown to be as effective as bone
marrow stem cells by their mulitpotency and proliferative efficiency

8§ Usually obtained from abdominal wall soft tissue

‘A



Therapeutics: Novel

k& Stem Cells (cont)

@ Bone Marrow Aspirate
@ Fortier et al. (2010)

8 12 horses. 1.5cm cartilage defects; microfracture vs microfracture +
BMAC

3y @8 months, improved defect filling in the microfx + BMAC group
@ Mcllwrath (2011)

7 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

7 Trend toward improvement but little statistical significance

‘A



Therapeutics: Novel

® Stem Cells (cont)

@ Adipose Tissue

j Clinical outcome of autologous bone marrow aspirates concentrate (BMAC) injection in
degenerative arthritis of the knee.

5 PURPOSE:

% As atreatment 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.

v 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, I, III, and IV.
At preoperative and postoperative 3, 6, and 12 months, pain score using visual analogue scale
(VADS) and functional scales were used for evaluation.

8 RESULTS:

o After the procedure, mean VAS score was decreased from 7.0 preoperatively to 4.1, 3.5, and 3.3
Bostoperatively 3, 6, and 12 months. And functional scores were also improved; International Knee
ocumentation 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 §rade, the improvement of VAS
score in grade IV group was 8.2 preoperatively to 5.5, 5.3, and 5.7 postoperatively, which was
signif}ilcarlztl)(fi 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.

‘A



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 [NL§IS], 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:

@ Theload, 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,
ster(;id 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.

‘A

Trianatafillopoulos et al. Nandrolone Decanoate and Load Increase Remodeling and Strength in
Human Supraspinatus Bioartificial Tendons. Am ] Sports Med 2004; 32(4). 934-43



Therapeutics: Novel

& Minimally Invasive Surgery (TENEX)

Peer-Reviewed Clinical Publications
Published/Accepted

a Koh et al— Am. Journal of Sports Medicine, 2013 (elbow)

Hackel — Orthopedics Today 2013 (procedure overview / mixed tendons)

Morrey — Techniques in Elbow and Hand Surgery 2013 {elbow)

Elattrache — Operative Techniques in Sports Medicine 2013 (knee)

Barnes — Operative Techniques in Sports Medicine 2013 (procedure overview/mixed tendons)
Khanna et al — Am Academy of Physical Med & Rehab Poster 2013 (mixed tendons)

Traister et al — Am Med Society for Sports Medicine Presentation 2014 (mixed tendons)
Barnes et al —accepted, Journal of Shoulder and Elbow Surgery 2014 (elbow)

Patel —accepted, American Journal of Orthopedics 2014 (plantar fascia)

g
g
W
|
a
g
g
g
W

Mayo Clinic Epidemiology study —accepted, American Journal of Sports Medicine 2014 (elbow)
Studies revealed at least 90% patients pain-free within 6 weeks of treatment
No additional treatment — single minimally invasive procedure / well-tolerated

Strong safety profile

Submitted/In Preparation

a Kamineni {Univ. of KY) — Controlled animal model study
Koh et al(Singapore/Mayo) — Two year clinical efficacy and safety follow-up in elbow tendonosis
Yanish (Des Moines, |A) — Cost effectiveness study: Tenex vs Surgery (elbow)
vanderwoude (Lincoln, NE) — Plantar fascia study
Ellis et al (Phoenix, AZ) — Achilles tendon study

—
Patel {Indianapolis) — Plantar fibroma study V‘ TENEX

Stowers (Florida State) — Patellartendon study ALTH




Therapeutics: Novel

& Minimally Invasive Surgery (Tenex)

healthy tendon
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Objectives (revisited)

 Focus your therapies

@z Understand the underlying process, treat
accordingly

o Corticosteroids are not Evil

 There are other options than stopping what
you're doing
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Bio-Psycho-Social Model

‘A


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

Bio-Psycho-Social Model

k& 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

2ALABA W"(EEM'H 1:03 (
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Bio-Psycho-Social Model

@ Pilot Study Investigating changes in neural processing
after mindfulness training in elite athletes
7y Athletes underwent mPEAK training (Mindful
Performance Enhancement, Awareness and Knowledge)

o Main results:

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

& 2) Greater insula and Anterior cingulate cortex activity

o 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

o Seen on FMRI scans



Objectives (revisited)
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@z Understand the underlying process, treat
accordingly

o Corticosteroids are not Evil
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Ultrasound: What we see first




Ultrasound (cont): With Ultrasound
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Ultrasound (cont)

& A mechanical, longitudinal wave with a

frequency above the level of human hearing
(>20 kHz)

k& Medical Diagnostic Ultrasound is 2MHz-
20MHz




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

v Sound waves reflect back to the transducer =2 converted to
an electric current->image

‘A




Ultrasound (cont)

% 6-13 MHz transducer
@ Very good resolution
@ Less penetration
x2-5 MHz transducer
@ Less resolution
@wDeeper penetration




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)

v Gain: More tissue = more attenuation
@ Compensate by gain; brighter/darker

‘A



Ultrasound (cont)

& Diagnosis
z RTC pathology
@ Achilles rupture
@z Hamstring (muscle defects)
@ Fracture
k& Injury Trending
t Therapeutic
z Hip
@ Glenohumeral
@ Small joint

@ Nerve
z Tendon
@ Muscle




Ultrasound Evidence

x Diagnosis!
& 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

e MRI (95%, 73%, 75%)
respectively

AND fOONT SURCERY, |NOORPORATED

ACCURACY OF OFFICE-BASED
ULTRASONOGRAPHY OF THE
SHOULDER FOR THE DIAGNOSIS
OF RoTATOR CUFE TEAR:

L1, Jas




Ultrasound Evidence

Subacromial corticosteroid injections

k& Accuracy?

@ Guided injections
(shoulder) tend to be
more accurate in
placement as compared |t
to blind injections o

of soges: earhymao
to lacal edema an

me e i we iy




Ultrasound Evidence

RESEARCH ARTICLE

: 3
(3 EfflC&Cy Image-guided versus blind corticosteroid
injections in adults with shoulder pain:
@ 2 RCTs pooled data A systematic review

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

US.guided Landmar ke guided Mean Difference Mean Difference
Study or Subgrox dean SO 3  Mean T¢ v, Rz sC Random, 958 CI
Naredo 2004 3 : 21 071 o= 20 434% 278 (180, 376
Ucuncy 2008 30 22 09 30 566% 180 [111, 249

Totd (35 ] 5 50 100084
Heterogenelty: Tawr= 020, Chd= 257 di= 1(P=011),F=061%
Testfor overall efect Z=458 (P <000001)

-2 o

Favours LMG Favours USG

U Sguided
SD Totd :
Naredo 2004 21 56 77
Ucuncu 2003 D 122 g5 20 h 131 D75 1487] p—

Total (35P4ACH) 51 50 400.08% 103 061,157
Heterogenety: Taw* =003, Ch =128 &= 1(P=020), F=22%
Test for overall effect: Z=444(P < 0.00001)

-2 -1 0 1 2

Favours MG Favours USG




Ultrasound and Neovascularization

Patella
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U/S and Neovascularization (cont)

v Cook JL, et al. Vascularity and pain in the Patellar Tendon of Adult

Jumping Athletes: A 5 Month Longitudinal Study. Br | Sports Med
2005; 39: 458-461.

%3
%3

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:

3 41/133 abnormal tendons were vascular on >/= 2 occasions

3 No significant gender difference

® Significant changes:

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

Conclusions

8 Presence of blood vessels more likely to be source of pain than flow in them
¥ Vascularity/Neovascularization—>Pain



U/S and Neovascularization (cont)

. Malliarus D, et al. Patellar Tendons with Normal Imaging and Pain: Change
in Imagin% and Pain Status over a Volleyball Season. Clin | 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:

End of Hhe Sasmpn
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@  Conclusion: Imaging cannot be used to determine whether pain in the region of the patellar tendon is tendon based.



Demonstration
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Patella

Legend: arrowheads, patellar tendon; arrow, deep infrapatellar bursa;
Hfp, Hoffa fat pad; P, patella
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Case Presentation (revisited)
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Other:

v Banned Substances
7z International:
e

b SAY NO!
z NCAA TO DOPING

)

z State (NFHS)
a

v Micronutrient Testing
%3
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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

@z Understand the underlying process, treat
accordingly

o Corticosteroids are not Evil

 There are other options than stopping what
you're doing
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