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Move from Florida to UPMC: 2001

Dr. Freddie Fu
• Visionary in arthroscopy
• Understood importance 

of treating the athlete
• Will be missed greatly in 

sports medicine, 
education and innovation



“Head west, young man”

Move from UPMC to Vail: 2005
Need for validation of hip arthroscopy procedure

Goal in Vail

• Collect Data
• Publish Outcomes



Patients From Around the Globe



OUR APPROACH TO EVIDENCE-BASED PRACTICE  

COOR: Center for Outcomes-
Based Orthopaedic Research

Biomechanical Engineering

• Biomotion Laboratory
• Biomechanical Testing Laboratory

CRPM: Center for Regenerative 
and Personalized Medicine



2011
“It is one of  the most 
popular operations in 

sports medicine”



SPORTS MEDICINE/HIP DISORDERS

• >9200 hip arthroscopies
• 6,376 in Vail

• 80% athletes
• 20% elite athletes

• Over 1,228 presentations
• Over 408 published articles

Experience

Hip Arthroscopy 1995–Present



SPRI OUTCOMES RESEARCH 
IMPACT ON FIELD OF HIP ARTHROSCOPY

Recent 
independent
bibliometric 
analysis of 
the most 

cited papers 
in the history 

of hip 
arthroscopy 

research



ACETABULAR LABRUM
• Extends the acetabulum beyond the bony 

socket
• Is present around the entire lunate surface 

of the acetabulum
• Is continuous with the transverse 

acetabular ligament inferiorly

Kelly et al. Arthroscopy 2005

Vascularity of the Labrum

Capsular side of the labrum 
demonstrated significantly 
more vascularity than the 

articular side (p<0.005)

• The fibrocartilaginous labrum was contiguous with the acetabular 
cartilage through a 1-2 mm zone of transition

• Microvasculature of the acetabular labrum consists of a group of small 
vessels locate in the substance of the labrum at its attachment site on 
the outer surface of the bony acetabular extension

Seldes RM, et al. Clin Orthop Relat Res.  2001;382(232-240)



• Labrum attachment (b)

• Bony acetabulum (d)

• Transition zone (c) between labrum and 
articular cartilage (a) 

• Tidemark  zone is visible (e)

Seldes RM, et al. Clin Orthop Relat Res.  2001;382(232-240)

LABRAL ANATOMY
• Group of vessels (h, arrows) within the labrum (a)
• Hypervascular synovium
• Capsular recess (g) & capsule (f)
• The bony acetabulum (d)



INNERVATION OF ACETABULAR LABRUM

Laumonerie et. Al. (2021). SENSORY INNERVATION OF THE HIP JOINT AND REFERRED PAIN. A Systematic Review of the 
literature.. Pain Medicine. 10.1093/pm/pnab061/6132248. 

A. Anterior B. Posterior

Primary source of innervation to the hip 
capsule and labrum  

- Majority of nociceptive and 
mechanoreceptive nerve endings are 
in the antero-superior and postero-

superior labrum



CHONDROLABRAL JUNCTION

Transition zone (weak) 
between the acetabular 
labrum and the acetabular 
articular cartilage

• Often area of injury

wave sign



WHAT IS CHONDROLABRAL DYSFUNCTION?

• Damage to the chondrolabral 
junction due to FAI

• Labrum no longer can maintain 
the seal between the acetabulum 
and femoral head



WHY PRESERVE THE LABRUM?

•Intra-articular fluid 
pressurization
•Hip stability

•Proprioception/ 
Nociception
•Load distribution

compressive
load Intra-articular + interstitial  

fluid is pressurized within the 
cartilage

Cartilage matrix load (90%)

Surface friction



ROLE OF LABRUM

• Cartilage contact stress plotted 

at t=1000 s and t=10000 s after 

load of  0.75  times bodyweight.

• Dark grey – intact labrum      

Light grey – without labrum     

• Contact stresses in acetabular 

cartilage increase with time, and 

up to 92% higher in the absence 
of the labrum           

Ferguson et al. J. Biomech 2000 Importance of the suction seal

• The joint fluid provides nutrients to 

chondrocytes

• The seal mechanism maintains the 

hydrostatic joint pressure which 

affects load distribution

• Provides joint stabilization and 

proper joint function



CONSEQUENCES OF LABRAL TEARS

• Labral tears lead to microinstability, 
i.e., excessive translation of femoral 
head to labral rim

Primary restraint against extension 
and external rotation

• Deficient labrum can lead to 
elongation of Iliofemoral Ligament

• Iliopsoas is dynamic stabilizer of the 
hip. Resting tone increases to 
compensate for the elongated IFL



MY EARLY EXPERIENCE
• Labral 
debridement 
• Capsular 
redundancy 
•Microinstability

• Rotational 
athletes
• Baseball players
• Ballerinas
• Golfers



Treatment of 
labral tears 
evolved into 
addressing 

concomitant 
pathology

FAI

Hip 
Capsule

Cartilage 
Injury 



• Labral height was correlated with all 
suction seal parameters (maximum 
distraction force, distance to suction seal 
rupture and peak negative pressure) 
• Smaller height (<6mm) labrum was 
significantly associated with decreased 
distance to suction seal rupture and 
decreased peak negative pressure
• Labral volume is important in hip 
suction seal

• Rim trimming did not affect any suction 
seal parameters
• In chondrolabral junction separation, 
larger distance to break the seal
• Labral refixation reduced labral mobility
•Max distraction force and peak negative 
pressure of the labral repair were lower 
than the native state



ANIMAL MODEL TO STUDY LABRAL REPAIR
•Ovine model
•Unilateral arthroscopic labral 

repair
•1.5-cm-long incision made at 

the junction of the labrum and 
acetabulum

•The labral detachment then 
repaired arthroscopically with a 
single suture anchor. 

•No form of postoperative 
immobilization was used

Philippon, Arnoczky et al. Arthroscopy 2007 Apr;23(4):376-80

NORMAL REPAIRED

The lesion is being repaired by fibrovascular scar (small arrows) 
migrating from the capsular surface of the labrum.(A, 

acetabular bone; L, fibrocartilaginous labrum.)



OVINE MODEL HISTOLOGY

Philippon, Arnoczky et al. Arthroscopy 2007 Apr;23(4):376-80

• Acetabular cartilage for the labral repair group  revealed  
that the main cell type were chondrocytes and some 
fibroblasts with minimal fibrocartilage at 12 weeks

• Safranin O staining revealed moderate  GAGs on the 
articular cartilage.

• The joint surface showed no signs of  inflammatory  
reaction or cartilage degeneration

• Acetabular articular surface with excised labrum 
showed signs of joint disease with reduced 
Safranin O staining for glycos-aminoglycans 
(GAGs) in 33% of the animals at 12 weeks





WHO ARE THE BEST CANDIDATES?



LEVEL 1 EVIDENCE

• Randomized controlled trial

• 348 patients 

§ 171 allocated to hip arthroscopy and 177 received hip therapy

• iHOT33 was superior in hip arthroscopy patients at 12-month follow-up

• Treatment effect exceeded the minimum clinically important difference

•While both groups saw improvement, arthroscopy led to greater improvement 



ADVANCES IN TREATING LABRUM

Debridement

Repair

Augmentation

Reconstruction

Anatomic Repair

LoopThrough



labrum 
<6mm

RECONSTRUCTION vs. AUGMENT

WHAT IF THERE ISN’T ENOUGH LABRUM



EVIDENCE TO SUPPORT ADVANCEMENT AND INNOVATION

• Labral Reconstruction 
• Technique developed 
• Biomechanics to support 
• Outcomes to provide evidence 

of efficacy

• New Technique
• Preserve the remaining tissue
• Labral augmentation 
• Augmentation outcomes better 

that reconstruction



EVIDENCE-BASED TREATMENT ALGORITHM
Labral Defect

Tear with healthy volume

(Labral Height >6mm)

Repair with sutures

Degenerative with 
decreased volume

(Labral Height <6mm)

- Augmentation with ITB 
autograft

- Preservation of 
Circumferential Fibers

Absent or calcified 
segment

Segmental 
Reconstruction with ITB 

autograft



82 Patients

10-year follow-up

Revision or THA endpoints

Overall survivorship: 5 yr=70%, 10 yr=61%

Mean survival: 9 years (95% ci 7.5-10)

Median satisfaction: 10

Significant improvement in hos-adl, hos-sss

Survivorship for >2mm JS



INNOVATION THROUGH 
REGENERATIVE MEDICINE



SPRI’s Regenerative & Translational 
Medicine Program

Biologics
Regenerative 

Medicine 
Approaches

Therapeutics Animal 
modelling

Tissue Repair after 
Injury, Disease & 

Aging

• Adult stem cells 
• Muscle stem cells
• Adipose stem cells
• Bursa stem cells
• PDGFR+ cells
• IPS cells

• OrthoBiologics
• Platelet-Rich 

Plasma
• Bone Marrow 

Concentrate

• Gene therapy
• CRISPR-CAS9 gene 

editing technology
• Exosomes/vesicles
• Coacervate
• Microspheres
• PA nanofibers
• Magnetic nanoparticles

• FDA-approved drugs 
• Telomerase activity
• Senolytic drugs
• Senomorphic drugs
• mTOR inhibitors

• Rapamycin
• Metformin

• Anti-fibrotic agent
• Anti-angiogenic agent
• Epigenetic drugs

• Dystrophic mice
• Mdx, dKO

• Progeria mice
• Z24, ERCC mice

• Wild-type mice
• Parabiosis/Pregnancy
• Super-healer (MRL/MpJ)
• Microfracture
• Osteoarthritis model
• Ligament reconstruction



BIOLOGICS
• PRP
• BMAC 
• Stem cells

• Alter the joint/cell environment for ultimate healing



BIOLOGIC AUGMENTATION

•Bone marrow aspirate 
concentrate

•PRP

•Losartan to prevent 
adhesion formation

Blocking TGF-b1 improve the 
effectiveness of PRP for muscle 
repair through a reduction in 

fibrosis





OLYMPIC ATHLETES (PRIOR TO CONSENSUS) COMPARED
TO PRO ATHLETES

50

55

60

65

70

75

80

85

90

95

100

6months 12 months >2years

HOS-SPORT SCORE

With PRP NO PRP

PRP benefit during 
the first year = faster 

return to sport

No difference in 
outcomes later

This matters in athletes!

Small study 
sample!



PROFESSIONAL BASEBALL PLAYER
INSIDIOUS ONSET OF RIGHT HIP PAIN



RIGHT HIP ARTHROSCOPY



MRI FOLLOW-UP

Pre-op 16 d Post-Op 9 m Post-Op





TGF-Β1 IS THE CAUSE OF FIBROSIS
• Blocking TGF-β1 can inhibit fibrosis in muscle injury.

• Fibrocartilage is the problem with microfracture mediated cartilage repair.

• However, TGF-β1 is an essential factor for chondrogenesis and joint 
cartilage homeostasis.

• Recently, the role of TGF-β1 for cartilage repair has been challenged 

Hypothesis: Blocking TGF-β1 might be able to regulate 
fibrosis and improve cartilage healing.

Kobayashi, Huard Am J Sports Med 2016

• A protective effect on articular cartilage  
• Wild mice of DMM model (OA) with losartan (TGF-b1 blocker) treatment. 

Zhen. Nat Med 2013, Chen. Am J Pathol. 2015 



IA injection of losartan demonstrates a dose-
dependent effect on MFX-mediated cartilage repair 



COMBINATION OF BIOLOGICS FOR OPTIMAL 
MUSCULOSKELETAL CARE

Improve stem cell banking

Treating patients with senolytic agents 
prior to stem cell harvesting to 

eliminate pre-existing senescent cells 
in the body.  

Bone marrow aspirate Platelet-Rich Plasma

Improve Orthobiologics treatments

Orthopaedic Surgery Improve Surgical  Outcome



MODIFYING THE JOINT ENVIRONMENT
Losartan

• FDA approved angiotensin II type 1 receptor 
blocker

• Can be useful as an antifibrotic agent in 
humans

• Block TGF B1

CASE WITH ADHESIONS

Intra-articular

Rectus Tendon



CLINICAL OUTCOME
• 5 months and 25 days
– (-) pain, Hip ROM symmetric, FABER 
– distance (-), anterior impingement (-)
– Sports test 17/20 

5 YEARS LATER: NO REVISION & NO ADHESIONS

Returned Next Season
• 4th Most Games Ever Played
• 2nd Most at Bats
• 70 RBIs
• Hit 0.280
• Getting ready to complete 14th season



• Especially important in revision cases
•20% without Losartan
• 7% with Losartan
•Keep patients from having more than 2 hip 

arthroscopies
Ø Allow patients to return to function and activity 

level equivalent to prior to hip injury 

RATE OF REVISION 
HIP ARTHROSCOPY



THE USE OF SENOLYTIC AGENT TO IMPROVE THE BENEFIT OF PLATELET-
RICH PLASMA AND LOSARTAN FOR TREATMENT OF FEMOROACETABULAR 

IMPINGEMENT AND LABRAL TEAR: A PILOT STUDY
Enrolment began October 2021, funding allocated for 100 subjects total

Current Enrolment as of 8/1/2022: 24 Subjects

Objectives: 

1.To determine whether pre- and post-operative Fisetin treatment when used in conjunction with 
hip arthroscopy and standard of care (PRP/Losartan) for the treatment of FAI and labral tears is 
safe.

2.To determine whether pre- and post-operative Fisetin will improve the benefits of PRP/Losartan 
when used in conjunction  with hip arthroscopy and standard of care (PRP/Losartan) for the 
treatment of FAI and labral tears, based on patient-reported outcomes for pain and function, and 
quality of life.

3.To determine whether pre- and post-operative Fisetin will improve the benefits of PRP/Losartan 
when used in conjunction  with hip arthroscopy and standard of care (PRP/Losartan) for the 
treatment of FAI and labral tears, based on serum biomarkers of osteoarthritis and inflammation.

ORTHOBIOLOGICS CLINICAL TRIAL 

SPRI/TSC

Regenerative
Medicine

Imaging 
Research

Education 
Programs

Outcomes-
Based 

Orthopaedic 
Research

Biomedical 
Engineering



CONCLUSION
• Innovation in hip arthroscopy has been possible through:
–Advancements in surgical techniques and devices
–Collaboration between specialists
–Integration of various modalities of research 

•Future directions in hip arthroscopy and treatment of hip disorders:
–Prevention program to optimize early intervention
–Identify problem areas (revisions, adhesions, etc.)
–Continue investigation of patient outcomes, biomechanics, and regenerative medicine



THANK YOU
• OREF
• AAOS Research Development Committee
• All our collaborators throughout the years
• Staff, fellows, interns and others who worked on these 

projects
•My Family for allowing me to dedicate my time to this effort



RESEARCH TEAM

Director of Hip Research
• Karen Briggs, MBA, MPH

Director of COOR
• Grant Dornan, MS

Hip Research Assistant
• Spencer Comfort, BS

CLINICAL TEAM

Practice Manager
• Heather Gilman, PA

Certified Athletic Trainer
• Sean Garvey, ATC

Rehabilitation Coordinator
• Mark Ryan, ATC

Surgical Coordinator
• Meghan Giroux

It takes a village to achieve our goals!

Hip Research Assistant
• Jarrod Brown, MS, MD



Dr. Tom Clanton, MD
Healthy Aging Physician

Dan Drawbaugh
CEO

Steadman Philippon Research 
Institute

The Steadman Clinic

DR. MICHAEL GALLIZZI, MD
Robotic and Endoscopic Spine Surgeon



Thank You!



J. Richard Steadman, MD
1937–2023

• Legend of orthopaedic surgery and clinical research

• Inventor of microfracture treatment and the “healing response”

• True innovator in physical therapy and rehabilitation, including 
movement and ambulation following surgery 

• Founded the longest standing and most robust orthopaedic clinical 
outcomes database in the world

• Treated thousands of patients, including professional and Olympic 
athletes, many of whom went on to win titles and championships

• Served as Chief Physician for U.S. Ski Team for 9 consecutive 
Winter Games, beginning in 1976

• Legacy lives on in sports medicine and orthopaedic care at The 
Steadman Clinic, clinical outcomes research and innovative 
techniques and therapies developed at Steadman Philippon 
Research Institute (SPRI)


