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Evaluation and Treatment Options

Robart F, LaPrade, MD
Brian K. Kowowalchuk, MD
Hoilis M. Fritts, MD

Fred A, Wentorf, MS

------------------------------------------------------------------------------------------------------

(4 BRIEF; Articular cartllage defects of the knee can be very debilitating, and dlagnosis can be diffi-
cult becanse the symptoms are often nonspecific. Routine MRI scans, despite vast improvement in
detection techniques, are often not sensitive or spedific enough, especially for low-grade Jesions.
Therefore, articular cartilage injuries of the knee are often a dlagnosls of exclusion requiring a
thorough history, a good physical exam, and a high index of suspicton. Treatmemnt of these injuries
is still evolving, but new treatment options, including autogenous chondrocyte implantation, look
promising, and long-term outcomes, while not yet complete, Jook encouraging.

he exact incidence of localized artic-
ular cartilage lesions of the knee
is wnknown, but chondral defects
have been reported in up to 63% of
Imee arthroscopies While the cause of articular
cartilage injuries of the knee remains largely hy-
pothetical, it depends on patient age and activi-
ty level Throughout the late tean years and in-
to early adulthood, a common cause of cartilage
injuries of the knee is direct trauma. The mecha-
nist is 2 sudden twist and pivot that shears off
or damages a portion of the cartilage surface,
Ligament injuries are another significant
contributor to cartilage injuries. A frequently
seen example is an anterior cruciate ligament
(ACL) tear* that damages the supporting bone
beneath the articular cartilage. This leads to
gradual thinning and possible degeneration of
the overlying cartilage.
One common osteocarticular defect of the
joint surface is osteochondritis dissecans (OCD),*
usually seen at the far lateral aspect of the medi-

al femnoral condyle and the central region of the lateral
femoral condyle. In patients with OCD in which the

undedying subchondral bone collapses, the overlying

e For CME cracit, see page 97 articular cartilage may siough off, and the padent de-
velops a focal area ot arthritis.

continued
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To check for signs of quadriceps atrophy, measure the patient’s thigh circum-

ference 15 cm proximal to the superlor pole of the paiella. A difference of more

than 1 ¢m compared with the patient’s other leg suggests atrophy.

With current technolagy, cartilage lesions cannot
be resurfaced for most patents, but recent treatment
advances have made it possible for some patients,

Injury Classification

The Outerbridge articular cartilage lesion classifica-
tion system’ is used to grade cartilage lesions of the
kmee. This four-grade system is based on arthroscopic
evaluation. Grade 1 and 2 lesions are considered low
grade and involve softening or fissuring of the articular
cartilage surface that does not extend to the undexly-
ing bone. Law-prade lesions do not heal well and fre-
quently lead to further cartilage damage. Grades 3 and
4 are considered high-grade, full-thickness lesions that
have very little cartilage retnaining or that expose the
underlying bone surface? Localized grade 4 lesions are
relatively rare, We will discuss primarily the dlagnosis
and treatment of high-grade localized articular carti-
lage lesions of the knee.

1t is generally believed that lesions latger than 2 cm
in diameter are more likely to be symptomatic and de-
generate further. Some smaller lesions, however, may
become syraptomatic and progress in size. Contained
lesions, which are generally smaller, high-grade le-
sions, are relatively well protected from rapid degener-
ation because the exposed bone surface remains insu-
lated from the opposing articular surface by a

surrounding margin of intact cartilage,

Cr LaPrads {5 3 assockle profsssor of sports mecicine, Dr Konowalchuk is 80
orihopedic surgeon, and Mr Wenidor i a research fellow in the Department of
Orthopeedic Surgery al the Universily of Minnesota in Minreapolis. Or Frits is a
stalf diotogistat the Center for Disgnastic Imagirg kn St Louis Fark, Minnesols.
Address cortezpondencs 1o Robert F. LaPrade, MD, Dot of Orthopaedic

Surgery, Univeesity of Minngsots, 420 Delaware St SE, MMC 492, Minnezpo-
lis, MN 55455: o-mail 10 [aprad0i@lc.umn edu.

Diagnosing Cartitage Injuries

The patients history is vital to diagnosing a knee in-
jury? Frequently, the patient’s complaints include
swelling of the joint with activity. He or she may have
functional limitations in activities such as walking or
running, squatring, ascending or descending stairs, or
performing repetitive assernbly line maneuvers. Be-
cause many of these resemble syroptoms of meniscal
tears, differentiating between articular cartilage dam-
age and meniscal tears can be difficult.

After a thorough history, a good physical exam is es-
sential. The phyzician should first assess for an effusion.
Thigh atrophy may also exist if the leslon has been pre-
sent for several months or longer. Note the overall tone
of the quadriceps muscles and check for signs of quad-
viceps airophy by measuring the thigh circumierence
15 cm proximal to the superior pole of the patella, A dif-
ference of more than 1 ¢cm compared with the patients
other leg is conskiered positve for thigh atrophy.

Next, the patellofemoral joint is examined as the
patient lies supine with the knee in full extension. A
patient oay have an irvitated suprapatellar plica, espe-
cially if the symptoms have been long-standing. The
snap test is performed by resting the examiner’s hand
over the patella while the Index finger rolls over the pli-
ca. The test is positive if rolling pressure from the index
finger elicits pain or discomfort.

After examining the plica with the snap test, the
kmee is flexed to 45° to assess for patellofemoral crepita-
tion that may indicate underlying articular cartilage
damage. Patellofemoral crepitation can be assessed
while simultaneously checking for lateral patellar ap-
prehension. Having the patient completely relax the
Jower extremity allows good assessment of medial and
lateral patellar motion in the trochlear groove, Parelio-
femoral crepitation with passive motion may not al-
ways be caused by articular cartilage defects; in fact, it is
most comrnonly caused by a knee eftusion and thé 1644
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of the ncrmal, near-frictionless motion of intra-articu-
lar structures with normal synovial fluid,

Assesament of joint-line pain and crepitation are
paossibly the most specific tests 10 identify articular car-
tlage Injuries of the knee, Fxamination of the medial
compartment for possible cartlage injurles is similar
to that for a possihle valgus knee injury With the pa-
tient’s knee flexed approximately 30°, the physician
places the fingers of one hand over the medial joint
line while the other hand applies a valgus stress to the
lmee via the ankle (figure 1). The examiner slides the
fingers anteriorly and posteriorly along the joint line
while applying a valgus stress and feels for intra-articu-
lar crepitation. If the exam is painful, the patient is
asked if the pain feels superficial or deep and if the
maneuvet reproduces symptoms.

In the same position, to test for lateral compartment
cartilage defects, the examiner applies a varus stress to
the laiee. Normal crepitation may be felt under the ilio-
tibial band, so it is important to place one’ fingers an-
terior and posterior to the llloribial band at the joint
line. It can be extremely difficult to differentiate joint-
line crepitation caused by an articular cartilage lesion
from an isolated or concurrent meniscal tear,

Knee stablliry is tested 1o identify underlying liga-
ment injuries thaf may be contributing to ardcular
cartilage defects’ First, the Lachman’s test is per-
formed to assess for the possibility of an ACL tear. The
physician should also assess for any increased joint.
line opening with valgus and varus swess that could in-
dicate a medial collateral ligament complex injury or
posterolateral corner injury, When examining 2 patient
for ligament kaxity, remernber that underying degen-
erative disease of a comparmment may cause “pseu-
dolaxity,” allowing the joint to actually collapse on the
contralareral arthritic compartment, thus giving the
false sense of an Ipsilateral collateral ligament injury.
Asgessment of the posterior cruciate ligament is per-
formed with the posterior sag sign, quadriceps active
tegt, and posterior drawer test” The cliniclan may also
use rotational testing of the knee (posterolarteral draw-
er test, pivot shift, and reverse pivot shift tests) to fur-
ther characterize possible ligament injuries.?

Radlographic Imaging

Plain radiopraphs are usefil for diagnosing severe
cartilage injuries but are marginally useful for detect.
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FIGURE 1. Valgus stroes tesl. The patlant Ix supine with the sitectad
knoa flaxed 30°. The examlner placas a hip agalust tha lateral
azpee! of the patiant's thigh and places the fingers of ana hand ever
1he madial jolot Yine, Gragping the patlent’s fout or ankie, the
exammlnar appiies 2 valgus $tress and essesses for (ntra-aniculer
erepitation and the degree of medial jolnt-line opealng.

ing locattzed articular cartilage lesions of the knee. In-
creasingly severe degrees of mdiographic osteoarthrits
have been associated with higher risks of dysfuniction
and symptoms? Attempts should be made to obtain
all knee anteroposterior (AP) radicgraphs with the pa-
tient standing. The standand series includes & standing
AP view, a lateral view with the knee flexed 357, end a
45° patellar sunrise view. Lateral radiographs may indi-
cate OCD or impaction fractures of the femoral
condyles. If an area looks suspicious for OCD, an inter-
condylar notch view should also be obtained.

Evidence of joint-line narrowing, caused by de-
creased thickness of the articular cartilage of that
portion: of the knee, may indicate advanced articular
cartilage injury, If evidence of joint-line narrowing is
seen on the AP x-ray or asymnetrical alignrnent is
noted clinically; a full-length standing radiograph can
be obtained. When assessing the full-length view,
a line should be drawn from the center of the hip to
the center of the ankle to deterrnine where this line
crosses the knee; any deviation, either medially or
laterally to the tibial spines, indicates an underdying
genu varus or valgus deformity. The ideal mechanical
axis i through the center of the knee joini between
the tibjal spines,

In maost cases of localized articular cartilage lesions of
the knee, however, plain radiographs will be normai,

continued
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FIGURE 2. T1-welghted fat-suppressed 3-D, spoliad gradient-scho
MRI, sagitial view of the knee. A small, full-thickness detect of
anticnlse cartiiage (¢urved arrows) can be sesn a1 low pignal
intaasity of joint fluld intetrupting the cariliags.

FIGURE 3. Fast epln-echo MRI of 8 chondral flap tear (etratghl
arrow) In & young man who had lataral knee pain and machanical
symptoms. T2-welghied saghtal image shows Increased signal
inenstty of joint fluld {curved sraws) that interrupts and
undsrmings an unctahle chondral fap tear

ha
FIGURE 4. Auial viaw, Iat-supprested iast spin-echo MR! of
patellar disiceatian Injury. Full-thicknoss chondral fracture
{armgw) af the medial patatiar facel Is swen a3 an ates of
abnormal Increassd signal intensity, Bong contusion sdema of
iho subjacent marsow {arcowhaad) tnvalving the [atersl famoral

enicondvie was caused by impactinn of the nataila againsl the
opicondyle at the tims of injuty.

6o
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MRI as a Tool for Detecting Cartilage Damage

Magnetic resonance imaging (MRI) scans using
special cartilage imaging techniques have proven to be
very useful in diagnosing cartilage injuries of the
knee.* MRI of articular cartilage lesions is best per-
formed using high-magnetc-field-strength (1.5 or 3.0
Tesla) scanners. Higher field strength results in higher
signal-to-noise ratio, enabling thinner slice and higher
gpatial resolution imaging, both of which are key
factors for optimal articular cartilage visualization.,
Lower-field-strength scanners, such as 0.2 Tesla in-
office scanners, are not yet reliable for detecting articu-
lar cartilage lesions.

Many MRI techniques have been used with vari-
able success to help assess articular cartilage. One
technique that is sensitive and specific for cartilage
pathology is T1-weighted, fat-suppressed, three-
dimensional, spoiled gradient-echo imaging" (figure
2}, However, this technique requires a relatively long
imaging time and is not useful for evaluating injuries
to the meniscl, ligaments, soft tissues, or bone. There-
fore, in the clinical setting, standard spin-echo tech-
hiques are used to visualize other structures, and this
will further prolong imaging time.

In our experience, high-fleld-strength fast spin-

" echa imaging i$ a clinically useful, efficient, and reli-

ahle technique for detecting cartilage defects and is al-
so excellent for visualizing menisci, ligaments, soft
tissuzes, and bone, Potter et 21 evaluated 88 knees with
high-field-strength fast spin-echo MRI and cotrelated
the findings with subsequent sutgieal arthroscopy. For
detecting knee chondral defects, they reported a sensi-

tivity of 87%, specificity of 94%, and accuracy of 82%.
Typically, the sequence for fast spin-echo imaging
includes sagittal, coronal, and axial planes (figures 3
and 4). A T2-weighted, fat-suppression sequence is also
routinely performed in the coronal or axdal planes for

sensitive detection of fluid and bone marrow edema.
MRI arthrography employs routine and fat-sup-
pression techniques after fluoroscopically guided in-
tra-articular injection of a dilute gadolinium solution.
It is accurate in detecting articular cartilage abnormal-
ities, but it has not heen proven more accurate than
the high-resolution, fast spin-echo technique. Its ad-
vantage over routine MRI in the evaluation of OCD
(figre 5) and autogenous cartilage implants is that it is
possible to extend contrast into the bone or between
continted
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bone and the articular cartilage or implant when no
effusion in the knee is present (Ggure 6). Typical tech-
nigques for MRI arthrography inchude routine fast spin-
echo imaging (as noted above} in sagittal and coronal
planes, as well as the axiel plane if evaluation of the pa-
tellofernoral joint is desired.

Criteria for Surgical Troatment

Patients who do not respond to a starwlard reat-
ment program of exercise, weight loss, and activity
modification, or who have incomplete relief from ar-
throscopic debridements, are suitable candidates for
surgical referral. The natural history of articular card-
lage lesions of the kmee is still not well understood.*
The main criteria for recommending treatrent for a
patient with an articular cartilage defect of the knee in-
chude lesion stze, lesion location, extremity alignment,
and ligament injury. All of these factors influence treat-
meiit and successful outcome® In essence, the follow-
ing criteria can be viewed as exclusionary criteria for
the surgical treaunent techniques thatfollow. .

Size of the lesion bas a significant influence on the
patient’s symptoms and functional activities. Because
lesion size is important to prognosis, clinicians have
described several ways 10 classify the size. One com-
monly used system* divides leslons into four groups:
smalier than 1 ¢m?, 1 10 2 cm?, 2 to 30 cm?, and larger
than 10 ¢in2. The size of the lesion must be deter-
mined before making further recommendations. An
asteochondral lesion may be sized on plain radio-
graphs when it involves the underlying bone (recog-
nizing that radiographs have approximately a 15%
magnification). Less severe articular cartilage lesions
(those restricted 10 the cartilage itself and not imvolving
undetlying bone) can often be sized on speclalized
MRI scans. Despite significantly improved detection
with MRI, the gold standard for measuring these le-
sions remains surgical arthrogoopic evaluation.

Location of the articular cartilage lesion affects the
lohg-term prognosis and avallable treatrnent options. It
is impottant to recognize whether the leston islocalized
or involves more than one location. If “kissing lesions”
are present or opposing articular cartilage surfaces (pa-
tella and femur or femur and tibia), the prognosis Is
more guarded. Lesions isolated to the fernoral condyles,
with no comresponding arthritis on the opposing carti-
loge surfaces, ive t best prognosi | skoms OF 16 pa-
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FIGURE 5. Sapitial fat-suppression T1-welghtod MRI of an unstable
ostecchondritis dixsacans (0CD) lasion of the madiet femoral
tondyle. Note high ignal interalty of the gade!lnium contrast (open
arrows) axtanding kom the Joint thmugh tha chandrel isterruptisn
and heneath tha unttable OCD lesian (red arows),

FIBURE B. Saginai, proton-density MRS gadolinlum contrast
arthrogram of sn adolescent boy revals 9 displaced OCD leslon
of the femeral trathlen (arrows).

tella and tibial plateau have a generally poor prognosis
and few available interventional weatments.

Extremity malalignment—either a genu valgus or
varus deforrnity, with the cartilage lesion located on the
side of the malalignment-—needs correction of the me-
chanical axis prior to treatment for the articular cartilage
detect, Symptomahtc patents who have knee malaign-

continued
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ment and an underlying localized dista! fernoral articu-
lar ceartilage defect, or kissing lesions on the side of the
malalignment, may be candidates for an osteotomy:*

Concurrent Hgament infury that causes knee insta-
bility needs to be corrected before treatment for an ar-
ticular cartilage defect! At 3 to 4 months after recon-
struction of the cruciate Higaments, medial collateral
ligament complex, or posteralateral corner of the knee,
the knee is assessed to make sure that the ligament re-
construction has succeeded before recommending &
cartilage repait. The time interval between ligament re-
construction and articular repair is surgeon-specific
but generally depends on the type of additional recon-
struction heeded.

Current Treatment Options

Arthroscopic joint debridement is generally indi-
cated for patients who have small articular cartilage le-
sions (<1 cm?) or kissing lesions. These patients must
e assessed for symptoms after debridement, and they
need to be enrolled in a postoperative rehabilitation
program. Patients with simple arthroscopic debride-
ment frequently do not respond as well to the proce-
dure as do patients who undergo cencurrent arthro-
scopic procedures, such as partial meniscectomies or
remaval of loase bodies, during cartilaginous debride-
ment. If symptoms persist beyond initial treatment,
further evaluation and treatment of the articular carti-
lage defect may be required.!

Micrufracture, an arthroscopic technique, may be
used in some cases to stimulate scar tissue (fibrocart-
lage) fonmation over a localized cartilage defect of the
femoral condyles* A sharp instrument, such as an awl
or surgjcal wire, is used to create a hole in the support-
ing bane plate (subchondral bone). It is hypothesized
that some of the underlying stem cells in the bone mar-
row will adhere to the microfracture and differentiate
into a fibrocartilage or cartilage-like material. This tech-
nique works best in patients who are younger than 30
who have lesions that are smaller than 1 to 2 cm?. It is
important to monitor these patients over time. Patients
may Initially do very well and then have symptom re-
currence a few years later ance the fibrocartilage cover-
ing of the articular cartilage defect wears off.'* The long-
termn success rate of this procedure is unknown,

Neteatomy i vaed to corrart machanical align-
ment. The principle behind the osteotomy is to shift

88

P7i8

welght bearing from the regiot: that contains the artic-
ular cartilage defect to the compartrnent of the knee
that has normal cartilage. Orthopedic surgeons use a
variety of measurement techniques to decide the pre-
cise amount of correction needed.

The most common knee psteotomy site to reat
genu vasus is the proximal tibia. The two types of prox-
imal tibial osteotomies are referred to as either open-
ing or closing wedge. Specific indications or the sur-
geons preferences will determine which technique is
used. The opening wedge technique is especially ben-
eficial when used with chronic ligament injuries.

Prognosis after an ostectomy depends on achieving
the desired mechanical axis. A period of non-weight
bearing or limited weigttt bearing allows the bone to heal
and avoids settling of the bone at the osteotorny site.

Autogenous osteochondral transfer procedures are
performed by taking plugs of normat bone and carti-
lage from a lesser weight-bearing area of the knee ard
transferring them 10 the area of the cartilage defect.
This technique is generally reserved for lesions that are
smaller than 2 cm?2.** Though small lesions can be
treated arthroscopically in some instances, it is very dif-
Ficult to achieve acceptable precision using arthrosco-
py. Larger lesions require an open arthrotomy to ensure
that harvesting the donor plugs and placing them in
the recipient area closely matrches the normal contour
of the articular cartilage surfaces. Fibrocartilage fills the
donor site and the spaces around the phugs. Early fol-
low-up of this procedure appears prorising. The long-
texm prognosis, including the possibility of pathology
at the donor and recipient sites, is unknown.

Fresh osteochondral allografts use larger cartilage
and bone plugs obtained from a recently deceased
donor whose knee matches the exact size of the recipi-
ent’s knee.* Tetuplating the size of the defects from ra-
diographs is essential tv make sure that the recipient
receives the correct contour of the newly implanted
cartilage. Fresh allografts should be implanted when
the articular cartilage cells are stili vinble to meximize
the chances of viability in the donior. Generally, these
procedures are reserved for patients who have larger
osteochondsal defects (often >4 to 6 cm?). Long-term
results are good,” but the availability and cost of fresh
osteochondral allografts have limited thelr use,

Autogenous cartilage Implantatontve® js a new
procedure for treating chondral lesions that uses the

continued
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patient’s own chondrocytes to grow and form a nearty
normal cartilage matvix. High cost and long rehabilita-
tion require that patients have an extensive gvaluation
to ensure that they will likely achieve a good functional
resutt. All of the above criteria for size, location, joint
alignment, end stability testing must be followed. The
presurgical work-up for autogenous cartilage implan-
taton also involves an arthroscopic evaluation to de-
termine the patients suitability.

If arthroscopy confirms that the patient has an Iso-
lated defect of the femoral condyle or trochlear groove,
a biopsy of normal articular cartilage (200 to 300 mg) s
obtained from a lesser weight-bearing surface of the
femur. These cells are then separated from the mami,
grown to several million cells in the laboratory, and
prepared to fill in the symptomatic cartilage defect.
(See “Articular Cartilage Injury and Autologous Chon-
drocyte Implantatior: Which Patient’s Might Benefit?”
November 2000, page 43)

Implantation of these cells requires an open inci-
sion, similar to the incision for a total knee 1eplace-
ment procedure, and arthrotomy. The articular carti-
lage lesion is isolated, and all degenerative cartilage
debrided. Scar tissue is removed from the bed of the
defect. The size of the articular cartllage defect is then
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ter transplantation, parients follow a closely regiment-
ed rehabilitation protocol. Early results with this pro-
cedure in the United States are encouraging,

Future Outlook

The treatment of articular cartilage defects of the
knee has entered new frontiers. Prior to several years
ago, few alternatives were availahle. New technological
advances have allowed us to treat some of these le-
sions, although further follow-up is necessary to detez-
mine their long-term efficacy. Diagnosis begins with a
careful history and clinical examination, including ap-
propriate radiographic work-up. Patients who do not
respond to conservative treatment or who have in-
complete relief from arthroscopic debridement are
suitable candidates for surgical referral. A4

Radiology 1998;209(3):629-840

11. Disler DG, MeCauley TR, Kelman OG, et o: Fat-supressed
threa-dimensional spofled gradient-echo MR imaging of
hyaline cartllage defects in the knee: comparison with
standard MR imaging and py. Am | Roatitgenol
1996;167(1):127-132

12, Potter HG. Linklater JM, Allen AA, et al: Magnetic reso-
nance imaging of articular in the knee: an evalua-
tion with use of fast spin-echo ltaging. ] Bone Joint Surg
Am 1998;80(9):1276-1284

13, Chen FS, Frenkel SR, Di Cesars PE: Repair of ardcular cart-
lage defects: part 1: basic science of cartilage healing. Am |
Otthop 1999;28(1):31-33

14. LaPrade R¥ Swiontkowskd MF: New horizons in the treatrnent
of ostenarthrics of the knee, JAMA 1999:281(10):876-878

15. Minas T: The role of cartilage repair techmiques, inclading
cho transplantation, i focal chondral kmee damn-
age. Inst Course Lect 1999:48(7):629-643

16. Gillogly SD, Voight M, Blackbum T: Treatment of articular
cantflage defects of the knee with autclogous chondrocyte
implantation. ] Orttop Sports Phys Ther 1998;28(4):241-251

17. Chu CR, Canvery FR, Akeson WH, et ak Articular cartilage
transplantatien; clintcal results in the knee. Clin Orthop
1999;(360):159-168

18. T, Pet L ndmcyte transplantation, Oper
Ao Bethop 1007074y 35-483 ’ o

59

_



