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PREVENTION OF CELL DEATH AFTER CARTILAGE INJURY: IMPACT ON
OSTEOARTHRITIS
Darryl D. D’Lima, MD, PhD
Shiley Center for Orthopaedic Research & Education, Scripps Clinic, CA

Cartilage injury is one of the most significant factors leading to secondary osteoarthritis.
Treatment modalities are limited and have not provided consistent long-term results. One
hallmark of cartilage injury is chondrocyte death. Whether chondrocytes undergo necrosis or
apoptosis is of great significance. Apoptosis is programmed cell death and thus can be inhibited.
A series of studies examined the potential of preventing chondrocyte death as a means of
inhibiting matrix degradation and reducing the severity of arthritic changes subsequent to
mechanical injury. Initially, several in vitro and in vivo models of acute cartilage injury
established that chondrocytes undergo apoptosis in response to mechanical injury. These models
ranged from full-thickness cartilage explants, osteochondral specimens, and whole knee joints to
in vivo animal models and clinical investigations involving cartilage biopsy. Chondrocyte
apoptosis was found to be associated with ongoing loss of glycosaminoglycans and deterioration
of mechanical properties. Caspase inhibition was effective in preventing apoptosis in vitro: in
bovine and human cartilage explants and in chondrocytes. The beneficial effect of apoptosis
inhibition was validated in vivo in a rabbit model of knee arthritis produced by anterior cruciate
ligament transection. Caspase inhibition significantly reduced the severity of posttraumatic
arthritis as determined by visual grading, size of lesion, histologic scoring, and
glycosaminoglycan content. Finally, a cohort of patients with significant acute knee injuries was
evaluated by MRI, arthroscopy, and cartilage biopsy to establish the apoptotic response to injury.
Patients were followed annually and the progression of any cartilage lesion monitored by MRI
and synovial fluid analysis to develop accurate, consistent diagnostic and prognostic markers of
cartilage degeneration that may be used for a clinical trial. Apoptosis prevention may develop
into a novel therapeutic modality to prevent and treat cartilage degeneration following

mechanical trauma.






Mouse Model Potential
Low cost

Examination of
various therapies

Transgenic strains
allow investigation
of specific genes

Image courtesy of Charlene Flahiff, Duke University
Cartilage Mechanics and Tissue Engineering Laboratory

Objectives

Develop reproducible closed articular
fractures in the mouse knee

Quantify the temporal sequence of post-
traumatic healing and the progression of
post-traumatic arthritis

Custom Apparatus

Fracture Protocol

ELF3200 load frame

(Bose Corp., Minnetonka, MN)
10N compressive pre-load
Loaded in compression

Load-control mode

Maximum load 55N

Rate 20N/s
Load-displacement curves
collected
Energy of fracture calculated

area under load-displacement
curves

Methods

Fractures immediately characterized
high resolution digital x-rays (Faxitron)
A/P, lateral, oblique radiographs

No fixation or surgical intervention
Natural history of healing was evaluated

Animals allowed immediate full weight bearing
with unlimited range of motion

Fractures classified using Orthopaedic Trauma
Association (OTA) classification system

OTA Classification

Wiss et al: Fractures of the Knee, Fractures in Adults,

1996
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Articular Step-Off: How Much it too Much?
Peter V Giannoudis MD, FRCS
The effects of injury to the articular cartilage sustained during articular fracture, as well as the
outcome of treatment interventions on joint preservation and function are yet poorly
identified. Commonly held beliefs inside the orthopaedic community are not consistently
substantiated by evidence based data. The clinical observation that the presence of residual
incongruity at the time of fracture healing could lead to joint stiffness and long term
morbidity. It has been established that restoration of articular congruity is the key principle

on the management of these injuries.

Successful orthopaedic treatment of intra-articular fractures, based on the anatomical
reduction of the cartilage and absolute stable fixation of the articular fragments, depends on
avoidance of a mechanical environment that is deleterious to articular cartilage. In the
presence of articular surface incongruity and joint instability there is an abnormal loading of
the cartilage and subchondral bone which exceeds the load-bearing capabilities of hyaline
cartilage and leads to progressive cartilage degeneration. Clinical experience and
epidemiologic studies have showed that direct and indirect joint impact loading, soft tissue
injuries, joint dislocations and intra-articular fractures, increase the risk of progressive joint
degeneration that causes posttraumatic osteoarthritis (PA).

On the basis of the type of tissue damage, articular surface injuries caused by mechanical
forces can be classified into three types: (1) damage to the cells and matrices of articular
cartilage and subchondral bone not related to detectable disruption of the joint surface, (2)

visible mechanical disruption of articular cartilage only in the form of chondral fissures, flap



tears, or chondral defects, and (3) visible mechanical disruption of articular cartilage and
bone, that is, an intra-articular fracture. Each type of tissue damage stimulates a different
repair response and has a different prognosis. In clinical practice, type-2 and 3 injuries have

associated type-1 injuries.

A critical literature review reveals that although there are many reports of case series where
patients have done surprisingly well in the presence of substantial incongruity, provided that
joint stability is maintained, others fare poorly in the presence of joint instability despite the
congruously repaired intra-articular injuries. Therefore, joint congruence should also be

perceived as the one pole of a dipolo the other being instability.

Indeed, one of the major unresolved questions in trauma reconstructive surgery, is the
association between the accuracy of the reduction and the development of posttraumatic

osteoarthritis.

What is therefore the current evidence with regards to articular step-offs and risk of
osteoarthritis? Tables 1,2,3 illustrates selected studies relevant to the existing current

evidence for the distal femur, acetabulum and distal radius.
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Table 1 FEMORAL CONDYLES

AUTHOR —

METHOD OF

YEAR STUDY MODEL FRACTURE TYPE INTERVENTION TYPE ASSESSMENT CONCLUSION
Lefkoe Five mm Fixation of the construct Radiological S;\?grgfferqﬁﬁigéiitg; ;2;’2):2?
33 Cadav 34 rabbits articular condylar with a 2mm cortical lag Histological ag .
et al 1993 : . : articular cartilage can not
defect created screw and k-wire Biochemical
remodel successfully.
Coronal step-off 0.5- Step-offs exceeding the local
Llinas 54 1.0mm created on the Fixation with a 2mm Histological 1ep eding :
35 Cadav . . : ; : thickness of articular cartilage
et al 1993 rabbits load-bearing surface of cortical screw Biomechanical .
. (1 mm) don't heal
medial condyle
. ) . . Capacity for remodeling-repair
Lefkoe 26 Sagittal plane step qffs Fixation of the construct . Radlgloglcal . of small step-offs (2mm).
34 Cadav . of 2mm of the medial . ; Histological Uronic )
et al 1995 rabbits with crossed k-wires ; Osteoarthrotic changes for
femoral condyle Acid content 5
mm step-offs
Coronal step-off of Articular step-offs of 0.5mm,
Lovasz Cadav 21 0.5mm created on the Fixation with a 2mm Immunohistologic equal to the cartilage height,
et al 1998*° rabbits load-bearing surface of cortical screw Autoradiographic don't lead to rapid cartilage
medial condyle degeneration.
Coronal step-off of Even amn;lnci)r: dsljig_gf i(((j).Smm)
Lovasz Cadav 24 0.5mm created on the Fixation with a 2mm Immunohistologic de eneyration of caprtila e
et al 2001%’ rabbits load-bearing surface of cortical screw Macroscopic 9 9

medial condyle

when the stability of the knee
is compromised




Table 2 ACETABULUM

AUTHOR — METHOD OF
YEAR STUDY MODEL FRACTURE TYPE INTERVENTION TYPE ASSESSMENT CONCLUSION
LETOURNEL
Clinical Classification OPERAT 43 Residual displacement of
Matta 64 Kocher-Langenbeck Clinical more than 3mm lead to
Retrosp Fractures displaced at CONSERV . . progressive post-traumatic
et al 1986 fractures . . Radiological .
least 5mm and Pin traction 7w osteoarthrosis and a poor
F/U=3.7y involving at least one 21 functional result
entire column
Heeg Clinical 57 Clinical Excellent results for
et al 1987 fractures Radiological step-offs <2mm
LETOURNEL
Classification
Clinical Fractures displaced at OPERAT
Pantazopoulos 58 least 5mm and All the 58 - Satisfactory results when
s Retrosp . : Clinical . .
and Mousafiris fractures involving at least one . . displacement of the articular
. Radiological
1989 _ entire column Kocher-Langenbeck surface <3mm
F/U=5.5y
most often
60% transverse and
associated transverse
with post wall fractures
: - Anatomic restoration of the
Kebaish Clinical 90 C!lmcql joint led to 86% excellent or
et al 1991 fractures Radiological
good result
Clinical Waller's classification OPERAT Minimal degenerative changes
52 All the 52 -
Pantazopoulos Retros fractures Clinical seen when acetabular
et al 1993 P Type 2 =16 Radiological posterior wall fracture step-off
_ Kocher-Langenbeck .
_ Type 3 =36 is less than 3mm
FIU=7y most often




AUTHOR — METHOD OF
YEAR STUDY MODEL FRACTURE TYPE INTERVENTION TYPE ASSESSMENT CONCLUSION
Clinical LETOURNEL KOCher'zgg}ge”beCk
Classification 397D - Excellent clinical results
Matta 262 llioinguinal Clinical .
Retrosp X . when<imm displacement and
et al 1996 fractures . 33% Radiological
21% simple # liofemoral poor when>3mm
= 0, i
FIU=7y 79% associated # 2306
Clinical Posterior wall fracture Kocherr-nL(;as:?enbeck Clinical Acetabular posterior wall
Moed 94 of the acetabulum y : . fracture step-off >1cm
Retrosp i o Radiological ! .
et al 2000 fractures associated with hip Lag screw + cT considered as risk factor for
F/U=35y instability buttress plates unsatisfactory clinical result
Transverse fracture
. Transverse acetabular Biomechanical >1mm of displacement lead to
Malkani Cadav > fracture Testin significant increase in peak
et al 2001 hips at the weight bearing °sting 9 np
d Fixture pressure at the articular
ome
surface
Clinical . Kocher-Langenbeck
Posterior wall fracture mostl
Moed Retros 100 of the acetabulum y Clinical Best clinical outcome with
et al 2002 P fractures associated with hip Lag screw + Radiological displacement <1mm
F/U=5y instability buttress plates
Kocher-Langenbeck
Clinical in all patients Clinical
Petsatodis 50 LETOURNEL o (D Au'blgne-PosteI Excellent or good c!lnlcal
Retrosp e Multiple intra- scoring system) outcome when residual
et al 2007 fractures Classification X
fragmentary screws and displacement <2mm
F/U=5.8y combination of screws Radiological

and reconstruct plates




Table 3 DISTAL RADIUS

AUTHOR - METHOD OF
YEAR STUDY MODEL FRACTURE TYPE INTERVENTION TYPE ASSESSMENT CONCLUSION
CONSER
- Frykman 21pat
Clinical Classificat STEINMANN PINS .
. a - Best outcome when reduction
Knirk and Retros 43 Type 3= 7% L7 pat Clinical of the articular surface within
Jupiter 1986 P fractures Type 4 =12% EXT. FIX Radiological oo
1 7 = g 2mm of anatomic alignment
F/U=6.7y ype 7 = 9% 2pat
' Type 8 = 72% ORIF
3pat
Clinical
Bradwa 16 AO classification K-wires 12 Clinical Best outcome when reduction
Y Retrosp Type C2 or C3 Internal fixation plate . . of the articular surface within
et al 1989 fractures Radiological oo
all fractures 4 2mm of anatomic alignment
F/lU=4.8y
Classification
Clinical FERNANDEZ PERCUT REDUCT No radiographic evidence of
21 - posttraumatic degenerative
Fernandez 40 , , Clinical ;
et al 1991 Retrosp fractures 9 simple articular # Radiological changes in fractures that
(GROUP B) ORIF healed with step-off up to
FlU=4y 31 complex 19 Imm
(GROUP Q)
clnea! Frykman K-wires 8 Evidence of posttraumatic
Missakian 32 Classificat K-wires+exfix 12 Clinical o P .
Retrosp - . . arthritis when intra-articular
et al 1992 fractures Type 7=5 T-plate 10 Radiological step-off exceeded 2mm
Flu=4y Type 8 =27 Plate & exfix 2
Clinical AO classific
- Evidence of posttraumatic
0,
Steffen Retrosp 32 B fracture 9% AO external fixator C!lmca_l arthritis when intra-articular
et al 1994 fractures Radiological
C fracture step-off exceeded 2mm
F/U=116y

91%




AUTHOR —

METHOD OF
YEAR STUDY MODEL FRACTURE TYPE INTERVENTION TYPE ASSESSMENT CONCLUSION
Trumble - 52 Clinical Worse functlonal and
Clinical : . radiographic outcome when
et al 1994 fractures Radiological
step offs >2mm
Baratz 8 Displaced fractures of Biomechanical No increase in mean
Cadav the lunate fossa in the Testing radiocarpal stress until step-
et al 1996 arms : . .
distal radius Fixture offs of 3mm
Anderson 12 Biomechanical Mean contact stress
Cadav Barton's # Testing significantly greater at step-
et al 1996 arms )
Fixture offs >3mm
Clinical Frykr.n.an - Prevalence of osteoarthrosis
Classificat Clinical . : :
Catalano Retros 21 ORIF Radiological CT when articular incongruity
et al 1997 P fractures _ 9 >2mm but not correlated with
Type 7=10 scan the clinical outcome
FlU=7.1y Type 8 =11
Clinical
Mehta 26 Intra-articular fractures Arthroscopical reduptlon Clinical
Retrosp ) . and percutan fixation . . Acceptance of step-offs <lmm
et al 2000 fractures of the distal radius With K-wires Radiological

F/U=19 m




