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History — Cartilage and Bone

* OA occurred in ancient animals, fish,
dinosaurs and other animals

« No evidence for QA in
cartilaginous ardmals such
as sharks

Objectives

= Be aware of.. .the sk factors for the development of
hip and kmee OA

o Beaware of .. ... the evidence for the role of physical
activity and alignmentin the development and
progeession of hip and knee OA

* Understand. . .the Physical Activity and Joint Health
cohort project at ARC

= Understand........the potential importance of the role of
femoro-acetabular impingement (FAT) in the
development of hip OA.

Evolution and Ostecarthritis

OA — What is it?

Discordance between X-rays, structural change and symptoms

= Hannan 2000 — substantial discordance between sadinorahic
OA ROA) and gmpromatic OA BB
— Of those with moderate to advanced  §5555 S
ROA, only 47% had pain

* Cibere 2006
- plain radiography has limited ability to
detect osteonrthritic features at an carly stage of disease

OA — What 1s 1t?

Molecular pathology or Altered Biomechanics?
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OA - why does it hurt?

Candidate Structures

* capsule

* ligament

° outer meniscus

perdosteal and subchondral bone

* syRovium

+ soft tissue including fat and deep pat tendon
- fat pad (hoffa's fat pad) hiphly innervated

£

- v often ivvolved in OA (usually on side of compartment
involved)

OA — Why does it hurt?
Recent evidence from MRI

* Synovitis / Synovial Thickening esme ., 20m 20 0w 205)
- Changr in synovitis was cormizted with changs in knee peim, bat nol Joxs of carfflags
— Hoffa bt pad

» Bone Marrow Lesions elaon, Hunter, Hemandez - 2001, 2003, 2006, 2007,
D08, Torres 2006
. sppeatin arem jsint s highly losded
~ ACL entheis

« Bone Atteition (Hemonde: et L, 2007, Toees 2006)

Batening of drpession nf sdbchondsd
- gor deg of bone :

* Effusions (Moderate to Latge) glemanden s o, 2007, Toses 2005,
Biemn s Zeiustra 2000)

Obesity and OA

Crher disease foks;

Typo 2 Disberos
Livps Dltonse
{§ Gok Cancer

[

Guilak, F et 2l Ex Sport 5¢ 2005

* Adipocytokines

Why does it Hurt?
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A Model for the Development of Ostecarthritis

Adapted from Felson (2004) Ymodifiably or correciable

QA -~ Biomechanical Risk Factors

HIP KNEE
« DIDH, SCIE, LCPT, Joint igury » Menivial { ACT. igjary
“FAL P gpectraon deading to O + Alignment

Static

» Strwctural change

= Subtle changes in ¥ uechonicl
*Nasromssanlar control 7
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Previous Injury and Hip/Knee OA

* ACL injury (oos, Lobmander2003,2004, 2007, 2008)

— Up w 3-10% increase in knee OA

~ Ireespective if repaized or conservative treatozent
» Mensical injtry @uatee et l, 200

» Almost ubiguitous i knee OA — chicken and egg

* S sublumation dudng movement | un-coverage between
fewnoral and tibial hyaline cartlage

* SKIP study at ARC

- modegate joint injury cohort ia young athletes— MRT

Physical Activity and Hip / Knee OA

PA necessary for joint health

Under norma? =% - lological conditions,
LE It ? “eardy frictionless

L R

50 10r transmission and

distribution of joint loads

Physical Activity and Hip/Knee OA
3 Chengoval, J Clin Bpr 2600

Inereased risk of OA

* High levels of physical activity {running 20 or more ariles
per week) assochated with OA among men under age 5¢

0= 16,961 prospective cohost - 18 yeas foflow up

PA questionnaire — assessed at bascling by ecurrent
level of PA—nlking and jogging only

Physical Activity and Hip / Knee OA

Physical Activity and Hip / Kaee OA
Longitudinal Studies

Also cheek Ungubart 2007 (PA g4 or bad?, and 2008; Miner Editorial}

Physical Activity and Hip/Knee OA

Rogers et al. Osteo Cart 2002

Protective Effect on OA

* no association between hip/knee CA and low joist stress

* moderate /high joint stress was associated with reduced
risk of hip/knee OA in men and women

= afl tevels of PA associated with reduced 1isk in women

= 2,410; Nested case-contol study {past of 20 y2 cohord)
TA questionnaire — assessed at bascline by pase 3
months activity — based on ‘level of joint strass’




Physical Activity and Hip/Knee OA
Felson et ol Arthnitis ¢ Rbeurn, 2007 (Framinghan off-spring sohort)

No risk or protective effect on OA
= Walking and other recreational activities in older persons
does wot insrease visk of deweloping fenee A4

= No measmrable protectise gffect of tecommended weight-
bearing exercise on OA

a= 1,279, prospective cohort - 9 year follow up

PA questionnaire — recent/current PA {average over past
week)taken 1-2 years from last follow up

Sample bad low PA levels in general, few runners

Studies measuting
Lifetime PA

» No stadies in CA

+ Lifetime PA and other Health Outcomes
- Cancer (breast, prosteate, renal, colon, rectal)
- Bone Mineral Density
- Bone Health

Physical Activity and OA: Possible
Reasons for Conflicting Results

* Subgroups of people differ in their responsc to PA
= PA (lo or hi) likely part of 2 multi-factorial causal pathway
* Methodological Issues

— Measasement of PA
- Many dimensions to PA —hard to captare, separate

- Case Ascertainment  Also check March: 1998 and Szoche 2008 on (4 case
ascértzinment in 1y seale opi studies

= Sclf-zeport vs clinical
* Radiographic OA vs Symptomatic QA

Physical Activity and OA — Summary of
Epidemiological Evidence

Ruming inrenshy

Griffn ot ol Focers Sport 5o Re 3 3:755 {3005}

Physical Activity and OA
Summary of Evidence

1. PA necessary for, cartilage health
2. High depels / competitive sports associated with OA
3. Uncertain effect of poderate fvels
4. Subsers of people may differ in their response

- dlignment, previous injury, NM control, BMI, age, gender
4. PA a broad construct with many baramelers

- freq, duration, intensity = energy expenditury

- joint load

« threshold concept

~ type Joud ~ shear, compression, staiic

- shord fyhe

Physical Activity and Knee
Osteoarthritis:

Answers and Questions
“ The cohort study (Febon e 2l 2007) contains litde
information about individual subjects. ..., more informative
i ...considered the contribution of potentially mediating

factars such as knce alignment, laxity, and
neuromuscolar ftness”

M. Minor, Edstorial

Arthritis & Rhewm (AC&R) 57:4, 2007




T.ocal Mechanical Factots:
Alignment

Alignment and Knee OA —
Recent Bvidence from Longitudinal Studies

Malalignment and Compartment-specific
OA Progression (2001)

+ report of compacment specific JSN progression, paim
Tabie 2, dd: Ratiosfor Meditd and Latersd Propression®
Qs Rask {965 Confldarce inlerval)

I
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Key Findings:

= vatus alignment increases risk of medial QA progression
» valgos atignment increases risk of lateral OA progression

* that burden of malalignment predicts decling in physicg{gf}lﬂ{xlc:lgsr; AMA 2001

Alignment as Mediator
(2000, 2003, 2004)

1. ShaumaL et al. The mechanism of the effect of phesity in kaee
osteoarthritis: the mediating role of malalienment. Anbns Riws 2000

2. Shama L et 2t Quednceps strength and osteossthzns progression
it malaligned and lax knees. dn In Med 2003

3. Felson DT et al. The effect of body weight on progression of knee
osteoartheitis is dependent.on alignment. At Rbwn 2004

Malalignment and BML Progression in
Medial Compartment (2006)

'T2-weighted, fat suppressed MRI

Baseline 30 months

* Medial BML associated with vazus
* Lateral BML agsociated with walgus
* BML a potent nisk factor for structural deterioration

Tiglson et al. Ann Intemn Med 2003 Tlunter, D] et al, Arth Rheum 2006

Malalignment and BML Progtession
{2006)

Change in BMI, score and mechanical alignment, by compartment

Mg YE Comparsnang Lateral TF Compariment

v e
P A
K Hegnment
P 005 vs most valgus quartile, sdivsted P 008 vs most vams quartile, adjusted
foruge, sox and BML for age, sex and BMI

“Tlose-response’” Hunter, D} ct al.Acth Recum 2006




Alignment and Knee OA
(Hunter, 2007)

Alignment does not | risk incident OA

Is a market for disease severity and /or progression

Hunier egal 2007 Arth Rheuss 2007

n= 466 knees; Case-control study — mean fu — 8.75 years
Alignment measure - femoro-tibial angle on radiographs
at baseline

Alignment and Knee OA
Brouwer, 2007)

First report aligament | risk incident OA

1" report of refationship between 2 local mechunical factor
and incident knee OA

Confinnation malalignment influences GA progression,
espeaally in oversrcight

Browiver et al. Asth Rheum 2007

n= 1501, 2664 knees; Longituding — mean fu ~ 6.6 years
Alignment measute - femoro-tibial angle on radiographs
at baseling

Alignment and OA: Possible
Reasons for Contlicting Results

= Measurement of varus and valgus

« Definitions of varus and valgus (i.e., cut-points)
* Differing populations (e.g,, by BMI)

» Power of studies {sample sizes)

Alignment and Knee OA —
Summary of Evidence

1. Plays a role in progression of QA - may setup 2
“vicious circle’

Malalignment >
@ QA

2. Inflaences load distesbution

- direct effect on cartilage via altered load bearing
- stress on other joint structures - bone, menisci, Higaments

Aligrument and Knee OA —
Summary of Evidence

3. Medfator {or other risk factors - BMI, quad

strength
4. Likely plays some role in developmentof QA

~ either independendy or as effect modifier

5. Worthwhile to pursue strategies to improve load
distribution

QA — Potential Role Of Biomechanical Risk

Factors
Epidemiciogical sludies:
iong-enn distance running

» modifiable mechanical risk
factors >

important in the
development and
progression of hip ostecarthritis

Runpiy intussily

Giiffin et o Exen Spert Sl Rew 521195 (2065}
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== Physical Activity and
Joint Health

Research Questions:
»1s there a lifetime ghreshald or dose-regponse PA->OA?

> 1s enervy expendivure different than jint force from PA
> Are there stbproups that respond to PA differently?

Sipnificance - public health recomtnendations — tailozed
guidelines for subsets of populations

OBJECTIVE

To investigate the relationship of
Efetime hip and knee joint load and
local joint valnerabilities with hip
and knee osteoarthritis (OA)

Lifetime Physical Activity and
Local Joint Vailnerabilities
in the Development of

Hip and Knee Osteoarthritis

Chuck Ratztaff
ThD Thests
Agthritis Research Centre of Canada
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Biomechanics and Hip OA

* Hip osteoarthritis is prevalent and disabling

* correctable mechanical overload s a major
etiolopical factor in osteoarthritis

= relief of the mechanical overload can prevent or
improve osteoarthritis

itEs oo Ko CORR 2602

Hip OA - Biomechanical Risk Factors

HIP Knee
« DDH, SCFE, LCPD, jt injary « Menisaal { ACL inju
. - A it
- FAT 2 spectrum leading to OA aimen
« Adduction moment
(Maturtiy CORR 2053; G CORR 2003) o
* Structural change = | proprivagtion

* Subtle changes in Ford mechanics
« Neseropmsalar control B

Teheelrxmonlineoom {denkd, 2007

Idiopathic Osteoarthritis ?
Femoroacetabular Impingement — A Cause for
Osteoarthritis of the FHip Gans et al, 2003
~ 260 cases, >10 years

~ FAlis the “mechanism for development of varly QA in
most non-dysplastic hips”

The Role of Labzal Lesions to Development of
Early Degenerative Hip Disease McCarthy, 2001
~ PA3) cases, veer 7 yours
— T3% pis with labraf tears had chondral lestons

- labral distaption and OA part of continuum of joint
discase

+ Ttclogy of QA of the Hip Harsis, 1986
- »90% of "idicpathic” hip OA 3¢ secandary to mild
deformitics
~ gubtle SCFE, LCPD, dysplasias, impinged labrun,




Clinical Presentation

* Usually active young adults
* Groin pain
= Slow onset, or after minor trauma

= Intermittent, exacerbated by high-demand

Femur —

CAM impingement

* Inclination ~ 125°

— coxavara / valga
= Offset T
» Centre edge angle (> 25-307)
* Femoral totsion (~12°)

Lo, B, D100 Ther 2006

ol e 5k, AN presice (2%

activity or prolonged sifting
Brown 1., Bk pree Qoporiunten bnd Cratenges, Orbogandic Repnarh Sockths, 2007
Acetabulum —
Pincer impingement

. 'Dep(th /
» dysplasia
» coxa profunda —

- Acetabular torsion

Lavimech sL00 Corth Kk e 2001,

Hip Anatomy - Labrum

« jt sealing/fluid pressure
» stability

= T contact area

= | contact stress

reported high prevalence
pathology B

Lewes £k, i 30 Rp Tec 2005

Physical Examination

Impingement Tests

7 RAT tests from the literature
- different aspects of hip
- done pre and post treatment

Tacvivivr WLJAADS. 15: 561, 2 Fhippon o1 0. AJM prerie 2007

Radiography

Cam Impingement Profunda (type of pincer)

Fhikippen ef sl AJRME IKE): 1591 207

acvisi ot b, JAAGE s 551 {0




MR Arthrography

*Labral tear

T1-w fat suppressed

T2-w

*Hypertrophied superior
B Izbrum, w/ extensive tear
§ Intra- & para-labeal cysts

Kasuagisn ¢ 2. Furop, ] fuefied. £5; 20 (2007
Bipam T, Crthopoedic Rewasich Sackten, 2007

Arthroscopic Assessment

Gunler et (L
HIS 304 B8 (00T

Brown T, o Fip O Oppranitos O 2007

Treatment — Arthroscopic Osteoplasty

Philippon et 2, AJSM 2007

Treating Pathomechanics —
normalizing joint load

Incr. L5p Jordo:

, Ant. rotated pelvis
Hip Fex/TR

Shert doming
TEL/ITR

and
| Hip Ext. Rot]

1 Abductors

Abnormal mechanics 28 a cause of QA

Treatment: Consetvative

= Loose body traction manipulation protocols

~ RCT proposa with surgical and conservative arms

* Manual therapy to ‘centralize’ fernoral head

= Newro-muscular re-training > decrease
impingement

Sport-specificmotor re-training

Take Home Messages -
Management

1. Tnjury Prevention
¢ Improving biomechanics
* Core strategics

2. Non-Pharm treatments — bracing, hed wedges, orthotics
* Improve biomechanics

3. Mechanical / Physical treatments

Restore Mechanics
* Manipulation protocols {enteapped LB, meniscus , labrum)
* Mobitization / STT
*+ Core-based rehabilitation

4, Fxercise -~ NM fitsess, biomechanics (hammer and nasl)
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