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and Total Joint Surgery
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Osteochondral Surgery and
Rehabilitation

OCD:
Osteo-Chondral Defect

Mosaicplasty
ACI
Microfracture
Subchondral
abrasion
Debridement and
lavage
Arthroplasty

Cartilage fracture with detached
cartilage (loose bodies)

Conventional treatment:
Excision of detached cartilage
Subchondral abrasion
Pridie's perforations
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Osteochondral Surgery and
Rehabilitation
Mosaicplasty
ACI
Microfracture
Subchondral
abrasion
Debridement and
lavage

Microfracture
These techniques
utilize primitive
stem cells, which
are capable of
differentiating into
bone and cartilage
under the influence
of various biologic
and mechanical
intraarticular
factors.

Microfracture
This clot
differentiates and
remodels, resulting
in a
fibrocartilaginous
repair
Fibrocartilage often
appears to offer the
patient significant
pain relief.

Microfracture
Disruption of
subchondral bone in
an attempt to induce
bleeding (fibrin clot
formation) and to
initiate primitive
stem cell migration
from the bone
marrow into the
cartilage defect site

Microfracture
The subchondral
bone is penetrated
in order to reach a
zone of
vascularisation,
stimulating the
formation of a fibrin
clot containing
pluripotential stem
cells.

Microfracture: Problems
The fibrocartilage repair
tissue lacks
compressive stiffness
Poor tolerance to
mechanical load
Excessive deformation
under physiological
loading
Mechanical failure of
the repaired tissue and
eventually a recurrence
of degeneration of the
repaired cartilage.
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Microfracture
Conventional methods, microfractures or
subchondral abrasion (abrasion arthroplasty)
lead to imperfect results in around 50% of
cases. These techniques lead to the
formation of fibrocartilaginous scar tissue
whose biomechanical properties are
significantly inferior to those of hyaline
cartilage, and does not prevent the onset or
progression of a degenerative arthropathy.
P. Christel, G. Versier, P. Landreau, P. Djian

Microfracture:
Not all bad news
48 patients followed 2 years
Significant functional improvement at a
minimum follow-up of two years
A high body-mass index adversely affects
short-term outcome
Poor fill grade is associated with limited
short-term durability
Mithoefer , Warren et al. JBJS 2005

Clinique des Lilas

Mosaicplasty
Mosaicplasty
A mosaicplasty moves round 'plugs' of
cartilage and underlying bone to damaged
areas. The plugs are each a few
millimeters in diameter, and when multiple
plugs are moved into a damaged area the
result is a mosaic appearance--the
multiple small plugs of cartilage look like
mosaic tiles.

Curette is used to bring back the
edges of the cartilage defect to
good hyaline cartilage

Osteochondral Grafting:
Mosaic Technique
Donor sites (in order of preference): the nonweight-bearing patellofemoral area, the medial,
then lateral, rim of the femoral trochlea, and the
periphery of the intercondylar notch
Cylindrical holes of a depth and diameter
appropriate to those of the grafts are prepared at
the site of the cartilage defect and then filled with
the cylindrical grafts harvested

The graft is harvested
perpendicular to the surface of the
donor site
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The graft is detached from the
trochlea

Grafts and Donor Sites

donor sites

Appearance on completion,
endoscopic view

Extensive osteochondritis of the
medial condyle

Medial arthrotomy

Osteochondral grafts must be
performed on a stable knee

Symptomatic cartilage defect

Appearance after insertion of two grafts

Appearance on completion

OATS Procedure
Osteochondral Autograft Transfer System
Technique is similar to mosaicplasty
In the OATS procedure the plugs are
usually larger
Only one or two plugs are needed to fill
the area of cartilage damage
It does not take on the mosaic
appearance, but the principle is the same.
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Results
Hangody L, Kish G, Kàrpàti Z, Szerb I, Udvarhelyi I (1997)

Compares: subchondral abrasion,
microfractures, Pridie’s perforations,
mosaicplasty
“Mosaicplasty technique were significantly
superior to those obtained with the other
techniques, which result only in the formation of
fibrocartilage”
Arthroscopic checks showed that the donor sites
had filled with fibrocartilage and remained
asymptomatic insofar as they were non-weightbearing areas

Biopsy of a donor site after 3 years
(polarized light: the hole at the
donor site is filled with fibrocartilage
L. Hangody

Post-operative Treatment:
More to follow.
Remain non-weight-bearing for a period of
between 4 and 8 weeks
Dependant on the size and position of the
cartilage defect
Return to weight-bearing gradually
The knee can be mobilized without putting
the grafts at risk

ACI - Autologous Chondrocyte
Implantation
Developed in the late 1980s to treat areas
of cartilage damage in the knee.
ACI is used rarely in other joints but is
most commonly performed in the knee
Harvests cartilage cells from the knee,
grow them in a lab, and once millions of
cells have been grown they are implanted
into the area of cartilage damage.

ACI is a two step procedure
Step 1:
Arthroscopy
The first step of ACI is to
perform an arthroscopic
surgery to identify the
area of cartilage damage,
and determine if it is
appropriate for an ACI
procedure. During the
arthroscopic procedure,
cartilage cells are
collected.
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ACI is a two step procedure
Step 1 Continued:
Arthroscopy
These cells are sent to a
cell expansion laboratory
where they are multiplied
by growing in a culture.
Growing enough cells
takes about 4-6 weeks.
Once enough cells have
been grown, they are
sent to the surgeon, and
the second surgery is
scheduled

ACI is a two step procedure
Step 2:
Implantation Con’t
Once a tight seal is
created between the
patch and the
surrounding cartilage, the
cultured cartilage cells
are injected underneath
the patch. The periosteal
patch is used to hold the
new cartilage cells in the
area of cartilage damage.

Complications of ACI procedure
The most common complication is scar
tissue formation around the edge of the
periosteal patch (periosteal hypertrophy)
Often requires an additional arthroscopic
surgery to remove excess scar tissue.
Other complications include failure of the
implanted cells to properly integrate,
infection of the knee, and knee stiffness.

ACI is a two step procedure
Step 2: Implantation
Once sufficient cartilage cells have been grown,
a second surgery is scheduled. During this
surgery, a larger incision is used to directly view
the area of cartilage damage (often not an
arthroscopy). A second incision is made over the
tibia and periosteum is harvested. A "periosteal
patch," roughly the size of the area of cartilage
damage, is harvested. The periosteal patch is
then sewn over the area of damaged cartilage.

Who is the right patient for an
ACI procedure?
A focal area of cartilage damage, not
widespread arthritis
Have pain or swelling that limits their
activity
A stable knee with no associated ligament
damage
Weight appropriate for height (not obese)

Rehabilitation following an OCD
Procedure
Weight-Bearing
Weight must be
limited on the area of
the cartilage implant.
Cells must be allowed
to adhere in the area
that underwent the
ACI procedure.
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Rehabilitation following an OCD
Procedure

Rehabilitation following an OCD
Procedure

Weight-Bearing
Weight bearing of the ACI depends on the
location. When the ACI is on the tibia or
the femur, weight is limited by having a
patient use crutches. When the ACI is on
the patella or within the trochlea, motion
must be limited because this will cause
compression on the implanted cells.

Weight bearing is usually limited for at
least 6-8 weeks, and then gradually
progressed over time. After 3-6 months,
training can increase in load and intensity,
and sport specific activities can begin
about 12 months after surgery. Most
athletes do not return to full sport until 1216 months after surgery.

Rehabilitation following an OCD
Procedure

Rehabilitation following an OCD
Procedure

Range of motion is
usually initiated early
after surgery.
However, if the area
of treatment is on the
patella or trochlear
groove, then motion
may be limited for 6-8
weeks.

Range-of-Motion

Rehabilitation Phase I: Early
Phase, Immediate Post-op, Weeks
0 to 3
Treatment:






Non-weight bearing with crutches.
Continuous passive motion machine (CPM)
ROM increased progressively as tolerated. CPM
should be started at 30 to 70 degrees and advanced
10 degrees per day.
Electrical stimulation and other modalities

Exercise:
Quadriceps activation (isometrics) and patellar
mobilization emphasized






Movement stimulates healthy cartilage growth
Motion must be balanced with the pressure
caused by motion.
Adhere to protocol/physician direction specific
to injury and treatment.

Rehabilitation Phase II
Transition Phase, Weeks 4 to 8
Goals:





Weight bearing advanced as tolerated beginning at 46 weeks to full by eight weeks.
ROM advanced to full as tolerated.
CPM discontinued when ROM greater than 90˚

Exercise:
Stationary bicycle, careful PRE, and aqua
therapy may be utilized. Exercise bicycle for
strengthening may be used.
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Rehabilitation Phase III
Mid-Phase, Weeks 8 to 12
Goals:
Full weight bearing should be achieved.
Exercise:






Quadriceps strengthening and gait training
are emphasized.
Use of a treadmill for aerobic exercise is
permitted as tolerated.
Open chain exercises often preferred until
symmetric motion and strength achieved.

Rehabilitation Phase IV
(3-6 mo) Sport Specific Phase
Goals:
Specific exercises for return to recreational activities
as desired are performed. Low impact sports
permitted (rollerblading, skating, cycling). Repetitive
impact sports should be delayed until four to six
months and then returned to on graduated basis
provided no recurrent swelling occurs. Return to
aggressive sports should be graduated and done
after six months.
Note: Individual post-op progression may vary.
Braces may be utilized in isolated cases.

Options for DJD

Knee DJD

Activity modification


Including weight loss when possible

“Joint Space” narrowing
Subchondral sclerosis
+/- Osteophytes

Cane

+/- Cysts

Physical therapy


IMPORTANT:
Obtain X-rays with Weight-bearing
Obtain “Notch” AP X-Rays





Quadriceps strengthening
Wedge insole orthotics (unicompart.)
Unloader brace (unicompart)
Ice

Options for DJD

Analgesics

Analgesics

Little evidence
showing NSAID’s
better than
acetaminophen

Oral anti-inflammatories
“Neutraceuticals”

?

?

Newer non-narcotic analgesics

Corticosteroid injections



Tramadol: Side-effect profile?

Narcotics

“Viscosupplementation”



Should seldom, if ever, be used for management
of DJD

8

9/24/2012

NSAID’s: Advantages
DJD sometimes has a clinically important
inflammatory component

NSAID’s: Disadvantages
Cost
Safety profile: May be evolving

Compliance (BID or QD dosing available)




COX-2 selective drugs may be safer



GI
Renal: Periodic lab testing indicated
Cardiac: Potential risks, not well defined

Drug interactions and ADR’s

“Neutraceuticals”
“Eating flour, sugar,
and eggs is not the
same as eating a
cake.”
“If you think eating the
components of
cartilage will help,
have a hot dog.”

“Neutraceuticals”
Allopathic medicine has taken a very
dismissive view of neutraceuticals
36% of patients in one study tried them
Literally dozens of studies, many with
reasonable endpoints

“Neutraceuticals”: Pro
Well tolerated, few apparent risks
Most studies found them superior to
placebo, some superior to NSAID’s
May provide relief for up to a month after
d/c’d

“Neutraceuticals”: Con
Not regulated by FDA


Issues of dosing, amt of ingredient per pill

Somewhat expensive ($30-50/month)
Slow onset of action (2 months)
Mechanism of action not clear
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Potential Risks

Dosing
Not clearly established
Different brands may differ
Small patient


GS: 1000 mg

CS: 800 mg
If we appear to be disinterested or dismissive, we will lose the
opportunity to help provide and guide our patients’ care

Large Patient


GS: 1500 mg

CS 1200 mg

Corticosteroid Injections

Corticosteroid Injections

Theoretical injurious effects on cartilage


May not apply to this patient population

A few studies substantiate their use


Pain relief, even if minimal clinical
“inflammation”

Duration of relief not well described

Corticosteroids: Pro
Immediate relief of pain

Corticosteroids: Con
Duration/Magnitude of relief variable


Reliably decreases effusion




Easy to do

Days to months?
40-50% in our RCT still better @ 6 mos
Only modest relief: 1 clinical grade

Risk of infection


Low, but non-zero (0.006% to 0.1%)

Inexpensive ($5 per shot)
Effect on cartilage?


Data extracted from animal studies
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Viscosupplementation

Viscosupplementation

Synvisc, Hyalgan, etc.
Joint fluid in arthritis
becomes abnormal
Loss of lubrication and
viscosity

Hyaluronic Acid (HA)
injections used since
1987 in humans
“Chondroprotective”?


No clear evidence

Viscosupplementation

HA: Pro
Over a dozen well-designed studies
When it works, it may last 6-12 mos
A couple of animal models have shown
chondroprotective effects


Hyaluronic Acid Injections

Not proved clinically

HA: Con
Requires multiple injections


3 or 5, for US FDA-approved products

Local adverse effects?




Typically 2-5% get acute local reaction
May be more common on subsequent courses
Granulomatous synovitis

Expensive: $500+ for a course of 3 shots
Most studies industry-funded
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RCT: Cortisone vs. Synvisc
First independently-funded trial
Both: Modest improvements from baseline


1 clinical grade; 40-50% still better by 6 months

NSD between treatments (80% power)


About 20% failed treatment

When to Refer?
Maximized non-op
treatment
Uncomfortable with
certain interventions
(injections)
If she can’t do this…?

Both treatments less effective in women
Cost difference: $5 vs. $500+

Remember

KNEE ARTHROPLASTY

NEVER dismiss groin pain in a young
adult without a workup, even if X-rays are
negative!

KNEE ARTHROPLASTY
Contemporary Design - Walldius, 1957.
1.
Plexiglas construction.
2.
Restrictive
3.
Fragile
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KNEE ARTHROPLASTY
Posterior Stabilized (1978)
1. Better ROM
2. Better stability (especially
posteriorly).
3. Better mechanics - closer
approximation to normal.

KNEE ARTHROPLASTY
Gender Specific2006




KNEE ARTHROPLASTY
Unicondylar - The 90’s
1. Selective reconstruction.
2. Classic for older, complete
meniscectomies.
3. Arthroscopic applications.

KNEE ARTHROPLASTY
Applications/Demographics
1. 20% growth annually.
2. 250,000+ procedures yearly.
3. 7-10%+ are revision (increasing)
4. 10-15+ year survivorship.

Thinner profile
Larger ROM-155˚
Contoured shape

The Zimmer® Gender Solutions™

KNEE ARTHROPLASTY
Indications/Patient
Selection
1. Elderly - Average 6070 yoa
2. Immobile
3. Functional limitations
4. Chronic pain.

KNEE ARTHROPLASTY
Common Characteristics In Patient
Selection
1. Pain - still the most common
criteria for application.
2. Instability
3. Bone and soft tissue integrity.
4. Age - far less factorial than in
initially, more procedures in
younger patients
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KNEE ARTHROPLASTY

Types Of Prosthesis (Variables)
Components
Degree Of Restraint
Type Of Fixation

Kinematics
1. Primary expected activity is
ambulation, which requires
polycentric rotation over a “J”
shaped curve.
2. Requires 70 degrees flexion, 15
degrees rotation, 10 degrees
abduction.

Component Selection
Unicompartmental
(hemiarthroplasty)
a. Replaces femurtibia medially or
laterally.
b. No patellofemoral
component.

Contra-Indications
UCI
a. Systemic disease rheumatoid arthritis,
hemophilia.
b. Obesity
c. High demand
activity.
d. Dynamic instability.

Bi-Compartmental Implants
Replaces both
articular surfaces in
the fibula and femur,
does not address
the patella.
Infrequently used,
high rates of
mechanical failure
and loosening.

Component Selection
a.
b.
c.
d.
e.
f.
g.
h.

Disadvantages UCI
Generally poorer results.
Loosening of prosthesis.
Implant subsidence.
Tibial subluxation.
PFJS - impingement.
Fracture
Appliance breakage.
Degeneration of nonreplaced tissue.

Advantages UCI
a. Better pre- and postrange of motion.
b. Feels more “normal”.
c. Preserves bone stock.
d. Newer techniques are
getting up to 95%
satisfaction at five (5)
years.

Tri-Compartmental Implants
Tibial, femur, patella and trochlear groove
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Tri-Compartmental Implants
Indications TCI
(a) Disabling pain.
(b) Lost function.
(c) Two (2) or more
involved compartments.
(d) Failed conservative
management.
(e) Non-candidacy for
osteotomy or
debridement.

Mechanical Constraints

Contra-indications TCI
(a) Non-functional extensor
mechanism.
(b) Severe neuromuscular
dysfunction.
(c) Sepsis
(d) Metastasis (active)

Mechanical Constraints

Mechanical Constraints

Unconstrained
(a) Minimally constrained.
(b) Dependent upon the integrity of the
existing soft tissue for stability.
(c) Very motor control dependent.
(d) Limitations - Deformity or mal-alignment;
moderate or more instability.

Semi-Constrained
(a) Most common.
(b) Includes most tri-compartmental
implants.
(c) Degree of constraint varies significantly.
(d) Applications - Can correct angular
deformities of 20-25 degrees; can correct
contractures of up to 45 degrees.

Mechanical Constraints

Types Of Fixation

Fully Constrained
(a) Linked design including various hinge types
and no-hinged link prosthesis.
(b) Not “fully constrained”, which would block all
motion.
(c) Disadvantages - Very high stress because of
plane restrictions. High incidence of loosening,
breakage; rapid wear loss.
(d) Applications - Severe bone loss, osteomas
and gross instability.

Cemented
(a) Greater than 65 years of
age.
(b) Early stability.
(c) Higher rate of
loosening?

Uncemented
(a) Patellar component
difficult, no compression
force to allow
ingrowth.
(b) Longer recovery.
(c) Higher re-operation rate
because of loosening.
(d) Can be augmented with
screws, plates, or keels
and longer stems.
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Types Of Fixation
Hybrid
(a) Cemented patellar and tibial
components.
(b) Cement less femoral component.
(c) Gaining popularity.

Total Knee Replacement
Surgery
1. Peri-patellar or
midline arthrotomy.
2. Frequently
synovectomized.
3. In-dwelling drain, 1-3
post-operative days.
4. Establish ROM in OR.

Total Knee Replacement
Rehabilitation

Types Of Fixation
Top -electromicrograph
showing incorporation of
bone (red) onto the
surface
Bottom-x-ray of an
uncemented,
hydroxyapatite coated
prosthesis-no gaps in the
bone-prosthesis junction

TKR Rehabilitation:
Complications
Appliance loosening/failure.
Patellar instability.
Deep venous thrombosis.
Peroneal nerve dysfunction (dressing
tightness, surgery).
Sepsis
RSD

Phase I - Immediate PostOperative Phase (Day 1-10)
Goals
(a) Active quadriceps muscle contraction;
leg control.
(b) Safe (isometric control) independent
ambulation.
(c) Passive knee extension to 0 degree.
(d) Knee flexion to 90 degrees or greater.
(e) Control of swelling, inflammation,
bleeding.
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Phase I - Immediate PostOperative Phase (Day 1-10)
POD 1-2
(a) Weight bearing - walker/two (2) crutches WBAT.
(b) CPM ?
(c) Cryotherapy - Commercial unit used continuously.
(d) Exercises
1) ankle pumps with leg elevation.
2) Passive knee extensions to zero.
3) Straight leg raises.
4) Quad sets.
5) Knee extension as tolerated.
6) Knee flexion stretches (gentle stretches).

Phase II: Motion Phase
(Weeks 2-6): Goals
Improve range of motion.
Enhance muscular strength/endurance.
Dynamic joint stability.
Diminish swelling/inflammation.
Establish return to functional activities.
Improve general health.

TKR Weeks 2-4
WBAT
Exercises:
Quad sets.
Knee extension 90-0 degrees.
Terminal knee extension 45-0 degrees.
Straight leg raises (flex/ext)
Hip abduction/adduction
Hamstring curls
1/2 squats

Phase I - Immediate PostOperative Phase (Day 1-10)
POD 4-10
(a) Weight bearing - WB as tolerated.
(b) CPM - 0-90 degrees as tolerated.
(c) Exercises
(1) Ankle pumps with leg elevation.
(2) Passive knee extension stretch.
(3) AAROM knee flexion.
(4) Quad sets
(5) Straight leg raises.
(6) Hip abduction/adduction.
(7) Knee extension 90-0 degrees.
(8) Continue use of cryotherapy.
(d) Gait training-Transfers as needed

Criteria to enter Phase II
Muscle control (able
to perform SLR)
AROM at least 0-90
degrees
Minimal pain/swelling
Independent
ambulation/transfers

TKR Weeks 2-4: ROM &
Progression
Gentle ADL
Stretches - hamstrings, gastroc, soleus,
quads.
Bicycle ROM stimulus.
Continue passive knee extension stretch.
Continue use of ice.
Discontinue use of TEDS at 2-3 weeks
(physician’s approval).
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Phase III Intermediate Phase
(Weeks 5-6+)
Goals
Progression of ROM (0-120+ degrees).
Enhancement of strength/endurance.
Eccentric/concentric control of the limb.
Cardiovascular fitness.
Full functional activity performance.

Phase III Intermediate Phase
(Weeks 5-6+)
Exercises
Continue all exercises listed in Phase II.
Initiate progressive walking program.
Initiate endurance pool program.
Return to functional activities.
Lunges, 1/2 squats, step ups
Emphasize eccentric/concentric knee
control.

Phase IV Advanced Activity Phase
(Weeks 12+)

Phase IV Advanced Activity Phase
(Weeks 12+)

Criteria to enter Phase IV
Full non-painful ROM 0-115+ degrees
Strength of 4+/5 or 85% of contra lateral
limb
Minimal/no pain or swelling.
Subjective knee score of 75 pts or greater
Satisfactory clinical examination

Goals
Allows elected patients to return to
advanced level of function
Selected sports (physician dependent)
Maintain/improve strength and endurance
of LE.
A return to normal (modified?) lifestyle.

OTHER OPTIONS
Viscosupplementation
Hyalgan/Synvisc (sodium
hyaluronate)
Injected directly into the
knee joint to restore the
cushioning and
lubricating properties of
normal joint fluid
Chondroitin et al
(oral)

CONCLUSIONS
Modern era for
surgical treatment of
cartilage defects
No team has currently
had sufficient longterm experience
Trials show that it is
worth continuing
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Thank You!

TSA: Total Shoulder Arthroplasty

Too late for salvage:
Severe Shoulder OA

Reverse TSA

Reverse TSA
failure of the rotator cuff
more constrained than a standard TSA
better results following bad humeral head
fractures
regain the ability to raise their arms up 90140°
excellent pain relief
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