
CLASSIFICAÇÃO DE LESÃO MENISCAL NA RM 

TIPO I = HIPERSINAL DESIGUAL QUE NÃO TOCA AS BORDAS 

TIPO II = SINAL LINEAR DEFINIDO QUE NÃO TOCA AS BORDAS

 TIPO III = SINAL LINEAR DEFINIDO QUE TOCA PELO MENOS UMA 
DAS BORDAS DO MENISCO

__________________________________________________________

CLASSIFICAÇÃO DE Saupe PARA PATELA BIPARTIDA

TIPO I = POLO INFERIOR DA PATELA (5%)

TIPO II = MARGEM LATERAL (20%)

 TIPO III = SUPEROLATERAL (75%)

__________________________________________________________

CLASSIFICAÇÃO DE Burleson PARA CISTO POPLÍTEO

TIPO I = 1-2MM DE PAREDE, FIBROSA COM ENDOTELIO

TIPO II = PAREDE + ESPESSA COM CELULAS CUBÓIDES

 TIPO III = PAREDE COM MAIS DE 8MM DE ESPESSURA COM 
LINFÓCITOS E HISTIÓCITOS

__________________________________________________________

CLASSIFICAÇÃO DE Sakakiraba PARA PLICA SINOVIAL

TIPO A =  ELEVAÇÃO TIPO CORDÃO NA PAREDE MEDIAL

TIPO B = PRATELEIRA QUE NÃO COBRE O CONDILO MEDIAL

TIPO C = PRATELEIRA QUE COBRE O CONDILO MEDIAL

TIPO D = DUPLA INSERÇÃO MEDIAL

__________________________________________________________

CLASSIFICAÇÃO DE Efusão Articular
TIPO 1 =  SEM DERRAME ARTICULAR

TIPO 2 = LIGEIRAMENTE ELEVADA



TIPO 3 = PATELA BALÃO

TIPO 4 = DERRAME ARTICULAR IMPORTANTE IMOBILIZANDO A 
PATELA

__________________________________________________________

CLASSIFICAÇÃO DE OUTERBRIDGE/ ICRS / NOYES

___________________________________________________________

Berndt and Harty - OSTEOCONDRITE DISSECANTE

Stage 1 = no discontinuity between the osteochondral lesion and surrounding bone

Stage 2 = a partially detached but stable osteochondral lesion

Stage 3 = a completely detached osteochondral lesion that is not dislocated

Stage 4 = a completely detached and displaced osteochondral fragment. 
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Figure 8-28. A and B, Full-thickness cartilage fissuring. Axial T2-weighted fat-suppressed image (A) depicts a small fissure at the medial 
patellar facet (arrow). Axial T2-weighted fat-suppressed image of a different patient (B) shows a broader area of cartilage surface 
irregularity at the lateral facet with a full-thickness fissure (arrow). 

A B

Figure 8-27. Partial-thickness cartilage defect. Axial T2-weighted 
fat-suppressed image demonstrates diffuse patellar cartilage 
thinning with focal partial-thickness cartilage loss at the lateral 
facet (arrow), accounting for <50% of the normal cartilage 
thickness. 

cartilage erosion to bone.18 The International Cartilage 
Repair Society has adopted the classification system described 
by Yulish and associates. Grade 0 represents normal cartilage, 
Grade 1 describes increased T2 signal within the cartilage, 
Grade 2 refers to a partial-thickness defect less than 50% of 
normal cartilage thickness, Grade 3 represents a partial-
thickness defect greater than 50% of normal cartilage thick-
ness, and Grade 4 describes a full-thickness defect.16 In the 
Noyes system, Grade 1 depicts an intact cartilage surface, 
Grade 2A reflects cartilage damage with less than 50% car-
tilage thickness involved, Grade 2B cartilage defects involve 
greater than half of the cartilage thickness, and Grade 3 
represents full-thickness cartilage defects with exposed 

subchondral bone (3A cortical surface is intact, 3B cortical 
surface shows cavitation) (Table 8-2).

Aside from grading cartilage loss, assessing the location, 
size, and morphology of the cartilage defect is also important. 
Chondral injuries in weight-bearing areas have a worse  
prognosis and different treatment implications than those in 
non–weight-bearing areas. Traumatic chondral injuries are 
usually focal and may have acute margins with adjacent 
shoulders. They may be partial thickness or full thickness and 
can shear off from the cortex, resulting in an intra-articular 
body.22

In osteoarthritis, the cartilage thins particularly along 
weight-bearing aspects and degenerates with fraying, fissur-
ing, ulceration, and sometimes delaminating defects. Accom-
panying osteophyte formation, subchondral cystic change, 

Table 8-2 Chondral Injury Classifications

Outerbridge ICRS Noyes

Grade I: softening 
and swelling of 
cartilage

Grade 0: normal 
cartilage

Grade 1: intact 
cartilage surface

Grade II: cartilage 
fragmentation and 
fissuring <1.5 cm 
diameter

Grade 1: 
increased T2 
signal in the 
cartilage

Grade 2A: cartilage 
surface damaged 
with <50% thickness 
involved

Grade III: 
fragmentation and 
fissuring >1.5 cm 
diameter

Grade 2: partial-
thickness defect 
<50% of normal 
cartilage thickness

Grade 2B: cartilage 
defects involve >50% 
cartilage thickness

Grade IV: cartilage 
erosion to bone

Grade 3: partial-
thickness defect 
>50% of normal 
cartilage thickness

Grade 3: bone 
exposed (3A cortical 
surface intact, 3B 
cortical surface 
cavitation)

Grade 4: full-
thickness defect

ICRS, International Cartilage Repair Society.



Anderson MRI classification of OCD 

Stage I =  bone marrow edema

Stage IIa = underlying subchondral cystic change

Stage IIb = partially detached osteochondral lesion with bone marrow edema

Stage III = fluid undermining a nondisplaced and completely detached 
osteochondral lesion

 Stage IV = a completely detached and displaced osteochondral fragment 

________________________________________________________________________________

CLASSIFICAÇÃO DE Koshino modificada por Aglietti -
OSTEONECROSE

ESTAGIO 1 = RADIOGRAFIA NORMAL

ESTÁGIO 2 = ACHATAMENTO + HALO RADIOLUCIDO

ESTÁGIO 3 = LESÃO RADIOLUCIDA E LEVE ESCLEROSE

ESTÁGIO 4 = LESÃO RADIOLUZENTE  COM COLAPSO DO OSSO 
SUBCONDRAL

ESTÁGIO 5 = DEGENERAÇÃO E ACOMETIMENTO EROSIVO 
FEMORAL E TIBIAL

_________________________________________________

CLASSIFICAÇÃO DE Guhl PARA DEFORMIDADES OCD 
ARTROSCOPICA

TIPO I = NORMAL

TIPO II = FRAG. IN SITU

 TIPO III = FRAGMENTO PARCIALMENTE DESTACADO

TIPO IV = FRAGMENTO DESTACADO

_________________________________________________



CLASSIFICAÇÃO DE Ogden PARA LUX TIBIO FIBULAR PROX 

 4 TIPOS

LUXAÇÃO ATRAUMÁTICA

ANTERO LATERAL - HIPERFLEXÃO COM PÉ EM INVERSÃO E FLEX 
PLANTAR

POSTEROMEDIAL -TRAUMA DIRETO OU TORSIONAL

SUPERIOR - TRAUMA DE ALTA ENERGIA

_________________________________________________

CLASSIFICAÇÃO DE KRACKOW PARA DEFORMIDADES EM VALGO 
NAS ARTROPLASTIAS ( PAG.1377 INSALL)

TIPO I = PERDA OSSEA DO CONDILO LATERAL + CONTRATURA DE 
PARTES MOLES LATERAL COM ESTRUTURAS MEDIAIS INTACTAS

TIPO II = IGUAL AO TIPO I COM ALONGAMENTO DAS ESTRUTURAS 
MEDIAIS 

 TIPO III = DEFORMIDADE EM VALGO SEVERA COM ALTERAÇÃO DA 
INTERLINHA ARTICULAR (EX; SECUNDÁRIO A OSTEOTOMIA)

___________________________________________________________

CLASSIFICACÃO DE DEJOUR



CLASSIFICAÇÃO DE GRELSAMER - COMPRIMENTO PATELAR

Relação A/B onde A é o comprimento do polo superior ao inferior e B o 
comprimento da face articular

TIPO 1 -RELAÇÃO ENTRE 1,2-1,5

TIPO 2 - RELAÇÃO MAIOR QUE 1,5 ( LONGO NARIZ)

TIPO 3 - RELAÇÃO MENOR QUE 1,2 ( NARIZ CURTO)

___________________________________________________________

CLASSIFICAÇÃO DE  Maldague e Malghem PARA INCLINAÇÃO 
LATERAL DA PATELA 

TIPO I = LINHA DA FACETA LATERAL É ANTERIOR A LINHA DA CRISTA 
MEDIANA

TIPO II = LINHA DA FACETA LATERAL É ALINHADA COM A LINHA DA 
CRISTA MEDIANA

TIPO III = LINHA DA FACETA LATERAL É POSTERIOR A LINHA DA 
CRISTA MEDIANA

___________________________________________________________

CLASSIFICAÇÃO DE  Iwano PARA INCLINAÇÃO OA DA PATELA 

ESTÁGIO I = OA LEVE E ESPAÇO DE 3 MM MINIMO

ESTÁGIO II = OA MODERADA COM ESPAÇO MENOR DE 3MM SEM 
CONTATO OSSEO

ESTÁGIO III = OA SEVERA E CONTATO OSSEO EM MENOS DE 1/4 DA 
PATELA

ESTÁGIO IV = OA  MUITO SEVERA COM CONTATO OSSEO TOTAL
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Figure 61-30. Iwano’s osteoarthritis (OA) classification system, based on axial x-rays. Stage I is mild OA; the joint space measures at 
least 3  mm. Stage II is moderate OA; the joint space measures less than 3  mm, but no bony contact can be seen. Stage III is severe 
OA; patellar-trochlear bony contact occurs in less than one quarter of the joint surface. Stage IV is very severe OA; the joint surfaces 
entirely touch each other. 

Stage I—Mild OA: Joint space has
at least 3 mm

Stage II—Moderate OA: Joint space
has less than 3 mm, but no bony
contact

Stage III—Severe OA: Bony contact
less than one quarter of the joint
surface

Stage IV—Very severe OA: Joint
surfaces entirely touch each other

Iwano classification  *Clin Orthop 1990

Figure 61-31. X-ray axial view and arthro–computed tomography (CT) of the same patient. Note how the trochlear dysplasia and the 
patellar subluxation are hidden on the x-ray and can be clearly identified in the arthro-CT performed in complete extension. 

allow assessment of which side of the articulation is affected 
(usually the lateral side). Information on the size of osteo-
phytes and on joint line narrowing is provided. Iwano and 
coworkers57 used the following simple staging system of lateral 
patellofemoral osteoarthritis (OA) (Fig. 61-30):

• Stage I, mild OA: joint space measures at least 3 mm.
• Stage II, moderate OA: joint space measures less than 

3 mm, with no bony contact.
• Stage III, severe OA: bony contact in less than one 

quarter of the joint surface.
• Stage IV, very severe OA: joint surfaces entirely touch 

each other.

Computed Tomography

Many parameters observed in CT images are similar to those 
observed in axial views. The contribution of CT in this 
aspect, however, is its ability to produce such images in com-
plete extension and perform measurements. This is particu-
larly helpful when patellofemoral tilt or subluxation is 
considered, because flexion of the knee causes the patella to 
engage the trochlear sulcus, thus correcting (or at least reduc-
ing) these abnormalities55,95 (Fig. 61-31). CT also provides a 
constant reference for measures: the posterior femoral con-
dyles, otherwise not visualized in axial views.



CLASSIFICAÇÃO NA TC DE MAU ALINHAMENTO DA PATELA 

TIPO 1 = SUBLUXAÇÃO SEM INCLINAÇÃO

TIPO 2 = SUBLUXAÇÃO COM INCLINAÇÃO

TIPO 3 = INCLINAÇÃO SEM SUBLUXAÇÃO

___________________________________________________________

CLASSIFICAÇÃO DE  Pidoriano PARA LESÃO CONDRAL DA 
PATELA 
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activity modification.27 Initial management of patellofemoral 
disorders should include the goals of normal flexibility and 
balanced quadriceps strength. One should remember to 
include the entire extremity in rehabilitation, especially hip 
strengthening. This program should be directed by specific 
physical examination findings. Discussion of specific tech-
niques exceeds the scope of this chapter. In addition to reas-
surance, strengthening, stretching, core stability training, 
taping techniques, anti-pronation orthotics, and patellar 
braces may be very beneficial in selected patients. Weight loss 
in obese patients is imperative in controlling patellofemoral 
pain. It is sometimes surprising how well patients, even those 
with severe radiographic findings, do without surgery. There-
fore, before surgery, it is always important to confirm that a 

Figure 62-5. Congruence angle as measured on a midtransverse 
patellar computed tomographic scan. (From Scott WN: The knee, 
vol 1, St Louis, 1994, Mosby-Year Book, p 446.)
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Figure 62-6. Computed tomographic scan classification of patel-
lofemoral malalignment. (From Schutzer SF, Ramsby GR: Com-
puted tomographic classification of patellofemoral pain patients. 
Orthop Clin North Am 17:235, 1986.)

Type 1: Sublux without tilt
             18 patients, 21 knees

Type 2: Sublux with tilt
             14 patients, 19 knees

Type 3: Tilt without sublux
             19 patients, 25 knees

L M

L M

L M

Figure 62-7. Tibial tuberosity–trochlear groove (TT-TG) distance. 
Axial image through the tibial tuberosity superimposed on a cut 
through the femoral trochlea at the level where the intercondylar 
notch appears to be a “Roman arch.”  TT-TG equals the lateral 
distance of the tibial tuberosity from the most posterior point in 
the femoral sulcus, along a line parallel to the axis of the posterior 
femoral condyles. Normal TT-TG distance should measure less 
than 20  mm. (Image courtesy of Dr. Rick Cautilli, Philadelphia, Pa.)

in detecting subtle patellar or trochlear dysplasia, such as a 
shallow trochlear groove in patients with lateral patellar sub-
luxation. Moreover, limited CT evaluation of the patello-
femoral joint can be accomplished quickly and at a cost 
similar to that of multiple conventional x-ray films. Patterns 
of patellofemoral malalignment on CT images are usually 
classified into three types. Type I is lateral subluxation, type 
II combines lateral subluxation and lateral tilt, and type III 
includes lateral tilt without subluxation (Fig. 62-6). Type IV 
has been defined as radiographically normal alignment.41 This 
classification has been very helpful in confirming the clinical 
impression of specific patellar malalignment patterns (tilt 
and/or subluxation). Treatment selection is also dependent 
on accurate classification, as will be appreciated in the later 
discussion of our recommended surgical approach.

When distal realignment including tibial tuberosity trans-
fer is considered, we believe it is wise to measure the position 
of the tuberosity relative to the trochlea. The most acceptable 
method for this consists of CT measurement of the tibial 
tuberosity–trochlear groove (TT-TG) distance (Fig. 62-7). 
Dejour and associates first described this measurement and 
found, upon comparing normal patients with those with 
patellar instability, that the threshold for normal was 20 mm.23 
This measurement is done by measuring the lateral distance 
of the tibial tuberosity from the most posterior point in the 
femoral sulcus, along a line parallel to the axis of the posterior 
femoral condyles. Schoetle et al showed that the MRI scan 
may be used for this measurement as well.96 When the TT-TG 
distance is 20 mm or greater, available data suggest that such 
a measurement is abnormal on MRI or CT scan. Medializa-
tion of the tuberosity is then rational. The amount of medi-
alization needed can also be estimated from this measurement, 
and the most often targeted goal for postoperative TT-TG 
distance is less than approximately 10 mm. Measurement of 
the TT-TG is helpful in confirming that tuberosity medializa-
tion is appropriate in a clinical situation that otherwise war-
rants medial or anteromedial transfer.

Nonoperative Management

Most patients with patellofemoral disorders improve without 
surgery. Dye has provided excellent reviews and a theoretical 
model that he calls the envelope of load acceptance model to 
enhance understanding of the mechanisms and reasons for 
improvement of patients with patellofemoral pain by rest and 
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lesions did poorly. Patients with severe central trochlear 
lesions also did poorly. It is interesting to note that the loca-
tion of the articular lesion correlated much better with the 
result than did the absolute degree of articular degeneration, 
as described by the Outerbridge classification, despite the fact 
that 28 of 36 patients in the series had grade III/IV articular 
cartilage degeneration. As predicted by patellofemoral 
mechanics, the location of the lesion is critical in selecting 
patients for anteromedialization.

In a later review, Buuck and Fulkerson established effec-
tive long-term success of the anteromedial tibial tubercle 
transfer procedure in a 4- to 12-year follow-up study.15

Other techniques of anteromedialization have also been 
studied. Combined rotation and elevation of the tibial tuber-
osity with lateral release was reported in 1986 by Miller and 
LaRochelle.76 This technique, which uses a wedge-shaped 
graft rotated medially and fixed with a cortical lag screw, 
raises the tuberosity 9 to 11 mm and probably is less stable 
than that described by Fulkerson. Casts were maintained for 
4 to 5 weeks postoperatively. Indications for surgery were 
refractory patellofemoral pain with normal or increased Q 
angles. Fifty-five percent of patients had a positive apprehen-
sion sign. Pain was decreased in 86% of 38 patients postop-
eratively, and no patient had residual patellar instability. 
Another potential problem with this method could be proxi-
mal shingle fracture caused by lack of support under the most 
proximal tip of the shingle.88 Noll et al81 reported a 1.25-cm 
elevation with transposition of the tubercle straight medially 
onto a tapered bony bed with fixation by a cancellous screw, 
thereby avoiding the need for bone grafting. Three weeks of 
cast immobilization followed. Patients had a variety of 

of medial and lateral facet pressure were noted, with greater 
reduction in the more anteriorized group. When compared 
with previous studies of tubercle anteriorization, a similar 
slight proximal shift in contact area occurred, although no 
significant undesirable decrease in area was observed, as 
occurred with some previous laboratory evaluations of ante-
rior tubercle transfer.66,79

Clinical Experience

Anteromedialization of the tibial tuberosity via an oblique 
osteotomy was introduced by John Fulkerson in 1983 (Fig. 
62-13). This procedure allows variable anterior and medial 
displacement of the tubercle with rigid fixation and early 
motion, while maintaining a broad cancellous surface for 
primary bone healing.36 The results of this procedure on 30 
knees with patellofemoral pain, moderate articular degenera-
tion, and clinical malalignment indicate excellent/good sub-
jective results in 93%.39 Objectively, 89% excellent/good 
results were documented, and 12 patients monitored for 
longer than 5 years showed no deterioration with time. Mean 
anteriorization was 10.6 mm. Even 75% of eight patients 
with advanced deterioration (Outerbridge grades III to IV) 
had good results, although excellent results were not achieved 
in this group. Morshuis et al77 described a series of 25 similar 
osteotomies and reported 84% good and excellent short-term 
results. Anteriorization was less than 10 mm, and the best 
results were achieved in patients with mild articular degen-
eration. Bellemans et al7 found consistent clinical improve-
ment and correction of preoperative radiographic pathologic 
tilt and subluxation in 29 patients after anteromedialization 
by Fulkerson’s technique. One noteworthy procedural modi-
fication was the omission of lateral release in 14 patients with 
CT-documented normal tilt angles preoperatively.

Pidoriano et al84 studied the correlation between the 
pattern of articular degeneration and the result of anterome-
dialization and confirmed the theoretical and laboratory find-
ings that distal and lateral lesions should respond best to 
anteromedialization. Distal lesions and lateral facet lesions, 
of varying severity, correlated with 87% good to excellent 
functional results (Fig. 62-14). Conversely, medial facet 
lesions had just 55% good to excellent functional results. 
Eight percent of patients with diffuse or proximal patellar 

Figure 62-13. An oblique osteotomy  allows anterior and medial 
displacement of the tibial tuberosity  without a bone graft. A 
steeper osteotomy  plane will produce increased anteriorization, 
along with medialization. (From Fulkerson JP: Anteromedialization 
of the tibial tuberosity for patellofemoral malalignment. Clin Orthop 
Relat Res 177:176, 1983.)
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Figure 62-14. A, Classification of the location of patellar chondral 
lesions. B, Correlation of good/excellent results after anteromedi-
alization with location of the chondral lesion. (From Pidoriano AJ, 
Weinstein RN: Correlation of patellar articular lesions with results 
from anteromedial tibial tubercle transfer. Am J Sports Med 25:533, 
1997.)
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CLASSIFICAÇÃO DE  Arnold e Hilgartner PARA Artropatia 
Hemofilica

__________________________________________________________

CLASSIFICAÇÃO DE DOR COMPLEXA REGIONAL
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Data from Arnold WD, Hilgartner MW: Hemophilic arthropathy. J 
Bone Joint Surg Am 59:287, 1977.

Table 73-3 Arnold and Hilgartner’s Radiographic 
Classification of Hemophilic Arthropathy

Stage Radiographic Finding

0 Normal knee

I Soft tissue swelling

II Soft tissue swelling, osteopenia, epiphyseal 
overgrowth, no narrowing of joint space

III No significant narrowing of joint space, subchondral 
cysts, osteopenia

IV Destruction of cartilage and narrowing of joint space

V End stage, with destruction of joint and gross bony 
changes

value in the treatment of children with early disease who are 
candidates for synovectomy.43 Wilson and colleagues74 pro-
posed the use of diagnostic ultrasound as an adjunct in the 
decision-making process for soft tissue swelling around the 
hemophilic joint. Ultrasound may aid in the diagnosis of 
pseudotumors.

Two radiographic classification systems are in use today. 
Arnold and Hilgartner1 described a five-stage system in 1977. 
This logical, simple system easily divides the presentation of 
joint changes into stages that have surgical significance. In 
1979, Pettersson and associates46 described an eight-stage 
system for grading arthropathy. Although this system is more 
detailed, it is not as commonly used today as the five-stage 
system of Arnold and Hilgartner (Table 73-3):

• Stage 0: A normal joint is seen.
• Stage I: No abnormalities are seen on the skeletal 

portion of the x-ray. Soft tissue swelling and x-ray evi-
dence of a hemarthrosis are noted.

• Stage II: X-ray shows evidence of periarticular osteope-
nia with overgrowth of the epiphysis. No narrowing of 
the joint space and no bone cysts are seen.

• Stage III: Narrowing of the joint space is evident, and 
subchondral cysts are present. The patella and femoral 
condyles may become square. The intercondylar notch 
is widened.

• Stage IV: Significant joint space narrowing is present. 
Cysts are larger and more common.

• Stage V: The joint is highly arthritic by x-ray. The joint 
space is completely gone. Significant erosions and defor-
mity are present. The joint is contracted. Loss of bone 
results in valgus or varus deformity.

The classification system of Pettersson and associates46 
consists of eight different radiographic signs: osteoporosis, 
epiphyseal enlargement, joint margin erosion, irregular sub-
chondral surface, joint incongruity, subchondral cysts, joint 
space narrowing, and angular deformity. Each sign is graded 
0 points (no change), 1 point (slight change), or 2 points 
(severe changes). The total score yields a particular stage. 
Greene and colleagues24 compared both of these systems and 
found that the Pettersson system was more accurate. A new 
system of four signs and seven points was proposed. This 
system was shown to be more accurate; however, the Arnold 
and Hilgartner system1 remains the most commonly used 
system in the United States today.

Pseudotumors

Fernandez de Valderrama and Matthews first described a 
hemophilic pseudotumor as a progressive cystic swelling in 
the muscle; they believed this was due to recurrent hemor-
rhage into the muscle and was accompanied by bone involve-
ment.5 A pseudotumor presents in a hemophiliac person as 
a slowly enlarging mass in a limb. It is often found in the 
muscles about the knee, such as the quadriceps (Fig. 73-3). 
These masses occur next to the femur, become encapsulated, 
and eventually erode into the bone, occasionally causing 
fracture.

Radiographic features show a large, sometimes calcified 
mass in the soft tissues. Computed tomography (CT) shows 
a fibrous walled mass with loculation. CT is good at delineat-
ing the bone destruction. MRI shows the soft tissue detail to 
a greater extent. The ability to produce multiplane cuts 
enhances visualization of the mass. Angiography often is used 
as a presurgical step to reduce the vascularity of the mass 
before surgical resection.

Treatment of pseudotumors is primarily surgical. Wide sur-
gical excision should be undertaken as if the mass were a soft 
tissue sarcoma. Before surgical intervention, radiation or 
embolization or both may be used to reduce the size and vas-
cularity of the lesion.57 Bone erosion that may result in impend-
ing fractures must be stabilized at the time of resection. For 
large lesions that are considered unresectable, or in a patient 
with other significant medical problems that may preclude 
surgical intervention, percutaneous embolization may be rec-
ommended. Caviglia and coworkers7 presented their experi-
ence with percutaneous curettage of lesions followed by filling 
with fibrin seal and lyophilized bone graft. The best approach 
in the treatment of pseudotumors is prevention because all of 
these treatments may have undesirable outcomes.

Treatment

Nonsurgical

A hemophiliac individual who presents with an acutely 
painful and swollen joint should be treated for acute hemar-
throsis. Most patients are treated with factor administration 
and immobilization. Usually, factor levels must be brought to 
the 100% level. There is little role for aspiration. Most acute 

Figure 73-3. Radiograph of hemophilic pseudotumor. (From 
Vigorita VJ: The synovium. In Vigorita VJ, Ghelman B [eds]: Orthopae-
dic pathology, Philadelphia, 1999, Lippincott Williams & Wilkins.)
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an inducible autonomic nervous system autoantigen.28 
Peripheral mechanical, chemical, or physical trauma is 
thought to be a trigger acting on nociceptive nerve endings, 
leading to rapid release of cytokines and neutrophils, which 
activate and sensitize primary and likely spinal afferents. This 
results in increased secretion of neuropeptides that mediate 
neurogenic inflammation into the affected body region. 
These neuropeptides, such as substance P38 and calcitonin 
gene-related protein (CGRP), induce plasma protein extrav-
asation, recruit immune cells,46 and lead to the release of 
proinflammatory cytokines such as TNF-α, interleukin 
(IL)-1, and IL-6.1 Chronic release of these neuropeptides is 
hypothesized to be responsible for clinically evident inflam-
matory CRPS symptoms. Further argument to implicate an 
immune origin is provided by the association of CRPS with 
different HLA alleles, because many autoimmune diseases 
have similar distinct HLA associations.28 Additionally, specu-
lation continues regarding the involvement of reactive 
oxygen species in triggering or sustaining CRPS.11

Stanton-Hicks and others note a female predominance in 
the range of 60% to 80% of all cases.45 Reported female-to-
male ratios vary from 2 : 1 to 4 : 1. Because CRPS is clearly 
more prevalent in women, de Mos et al investigated the 
association between cumulative and current exposure to 
estrogens and the risk of developing this syndrome. Peak 
incidence of occurrence was found to be between the fifth 
and seventh decades, suggesting increased risk after meno-
pause with a concomitant decrease in endogenous estrogen 
levels.14 It is interesting to note that although the outcome 
of a recent study did not reveal an association between CRPS 
onset and cumulative endogenous estrogen exposure or 
current oral contraceptive or hormone replacement therapy 
use, study findings did reveal decreased risk of CRPS during 

pregnancy and increased risk immediately after pregnancy. 
This observation correlates with findings when estrogen was 
studied in other inflammatory diseases, such as rheumatoid 
arthritis and multiple sclerosis. In addition to a similar pro-
found female predominance in these disorders, they share 
clinical features with CRPS, including inflammatory signs, 
pain, and functional impairment. The prevalence of CRPS 
in a cohort of MS patients, for example, was high compared 
with the estimated prevalence in the general population.42

de Mos and colleagues attempted to identify risk factors 
and thereby potential underlying disease mechanisms by 
investigating the medical history of CRPS patients before the 
onset of their illness. Their study revealed that CRPS patients 
were likely to report preexisting disorders of asthma, migraine, 
osteoporosis, menstrual cycle–related problems, and neuropa-
thies. Investigators did not find an association with psycho-
logical factors,13 although a recent study conducted in The 
Netherlands to evaluate psychological features of CRPS 
patients with dystonia did reveal that early traumatic experi-
ences (87%) might be a predisposing factor.35

The pathophysiologic mechanism of CRPS indeed appears 
to include input from multiple systems, including somatic and 
visceral sensory systems, central endogenous control systems, 
the sympathetic nervous system, the somatomotor system, 
and the neuroendocrine system. Continued research will 
likely identify the specific mechanism or mechanisms that 
must be targeted to better diagnose and treat this disease.

DIAGNOSIS

CRPS is generally regarded as a systemic condition involving 
both central and peripheral components of the neuraxis, as 
well as interactions between the immune and nervous systems. 
Schwartzman states in a review of the natural history of the 
disease that the signs and symptoms of CRPS patients can  
be divided into four distinct subgroups: (1) abnormalities in 
pain processing; (2) skin color and temperature changes;  
(3) edema, vasomotor, and sudomotor abnormalities; and  
(4) motor dysfunction and trophic changes.40

To date, the IASP criteria have been followed to formulate 
a diagnosis of CRPS. The Budapest Consensus Panel has 
proposed revised diagnostic criteria that reflect international 
efforts to further improve the accuracy of diagnosing this 
syndrome (Box 75-2). In patients meeting criteria in two of 
four sign categories and three of four symptom categories, 
diagnostic sensitivity was 0.85 and specificity 0.69; if all 
symptom categories were met, sensitivity decreased to 0.70 
and specificity increased to 0.94. This resulted in the greatest 
probability of an accurate diagnosis for both CRPS and non-
CRPS patients of approximately 80% and 90%, respectively.23 
Although CRPS type I and type II subtypes were retained 
intact, a third diagnostic subtype, CRPS-NOS (not otherwise 
specified), was proposed to identify the 15% of patients previ-
ously diagnosed by IASP standards who would not fully meet 
the new clinical criteria, but whose signs and symptoms could 
not be better explained by another diagnosis.22

The diagnosis of CRPS is predominantly clinical, based 
on the history and physical examination, and encompasses a 
wide variety of signs and symptoms, with the hallmark being 
pain out of proportion to the inciting injury. The following 
signs and symptoms have been found to be associated  
with this disease: allodynia, hyperesthesia, diffuse edema, 

Box 75-1 IASP Diagnostic Criteria for Complex 
Regional Pain Syndrome (CRPS)

CRPS Type I
• Presence of an initiating noxious event or a cause of 

immobilization
• Continuing pain, allodynia, or hyperalgesia in which the pain 

is disproportionate to any inciting event
• Evidence at some time of edema, changes in skin blood flow 

(skin color changes, skin temperature changes >1.1° C, 
difference from the homologous body part), or abnormal 
sudomotor activity in the region of pain

• Diagnosis excluded by the existence of conditions that 
otherwise would account for the degree of pain and 
dysfunction

CRPS Type II
• Presence of continuing pain, allodynia, or hyperalgesia after a 

nerve injury, not limited to the distribution of the injured 
nerve

• Evidence at some time of edema, changes in skin blood flow 
(skin color changes, skin temperature changes >1.1° C), or 
abnormal sudomotor activity in the region of pain

• Diagnosis excluded by the existence of conditions that 
otherwise would account for the degree of pain and 
dysfunction

Adapted from Merskey H, Bogduk N: Classification of chronic pain, Seattle, 
Wash, 1994, IASP Press.

IASP, International Association for the Study of Pain.
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from 90 degrees toward full extension. A positive Wilson’s 
test will elicit pain at about 30 degrees of knee flexion located 
over the anterior aspect of the medial femoral condyle. This 
pain is thought to result from contact of the medial tibial 
eminence with the OCD lesion. Ipsilateral quadriceps atrophy 
may be noted if the patient has been having pain for longer 
than a few months.

Mechanical symptoms are more pronounced in the unusual 
circumstance in which the child or adolescent presents with 
an unstable lesion. An antalgic gait is common, as is a knee 
effusion, possibly associated with crepitus, as the knee is 
taken through a range of motion. In the case of both stable 
and unstable presentations, both knees should be examined 
to determine whether or not the condition is bilateral.

Imaging Studies

Imaging protocols have received close attention in the litera-
ture because of the varied success of nonoperative treatment. 
The goals of imaging are to characterize the lesion, determine 

Figure 87-1. Probe demonstrates softening of a femoral condyle 
osteochondritis dissecans (OCD) lesion. 

Figure 87-2. A, Anteroposterior x-ray of a large osteochondritis dissecans (OCD) of the lateral femoral condyle in an adolescent patient. 
B, Anteroposterior and (C) lateral T1-weighted images of a large OCD lesion in the posterolateral aspect of the lateral femoral condyle. 

A B C

the prognosis of nonoperative management, and monitor 
healing of the lesion (Fig. 87-2A through C).

Imaging workup begins with plain radiographs: anteropos-
terior (Fig. 87-3A), lateral, and tunnel views. The tunnel 
view is particularly valuable because the typical OCD lesion 
is located on the lateral portion of the medial femoral condyle 
(see Fig. 87-3B). Because patellar OCD lesions also occur, a 
Merchant or skyline view should be included as well. Plain 
radiographs usually characterize and localize the lesion and 
rule out other bony pathology of the knee region. In children 
6 and younger, the distal femoral epiphyseal ossification 
center may exhibit irregularities that simulate the appearance 
of an OCD. In older children, the status of the physis (open, 
closing, or closed) should be assessed, as this has major impli-
cations in the prognosis for healing. Cahill and Berg14 devel-
oped a classification system based on lesion location and size, 
such that the type of lesion can be determined on plain films.

MRI is most useful for determining the size of the lesion 
and the status of the cartilage in the subchondral bone.41,73 
The extent of bony edema, the presence of a high signal zone 
beneath the fragment (Fig. 87-4A through C), and the pres-
ence of other loose bodies are important findings on the 
initial MRI (Table 87-1). Routine imaging studies performed 

Data from Hefti F, Berguiristain J, Krauspe R, et al: Osteochondritis 
dissecans: a multicenter study of the European Pediatric Orthopedic 
Society. J Pediatr Orthop 8B:231–245, 1999.

Table 87-1 MRI Classification of Juvenile 
Osteochondritis Dissecans

Stage MRI Finding

I Small change of signal without clear margins of 
fragment

II Osteochondral fragment with clear margins, but

without fluid between fragment and underlying bone

III Fluid visible partially between fragment and underlying 
bone

IV Fluid completely surrounding the fragment, but the 
fragment is still in situ

V Fragment completely detached and displaced (loose 
body)
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radiographs show progression of the lesion, or if symptoms 
return.

Although immobilization is often successful in JOCD, it 
may not be the ideal treatment option for a young athlete 
and his or her parents. Patients and their parents should be 
informed of the risks and benefits of nonoperative treatment 
relative to those presented by surgical management  
(Fig. 87-5).

OPERATIVE MANAGEMENT

It is widely accepted that operative treatment should be con-
sidered for patients with unstable or detached lesions, in 
patients approaching skeletal maturity, and in patients whose 
lesions have not resolved after an appropriate period of non-
operative management.6,13,23,33,36 The goals of operative treat-
ment are to promote healing of subchondral bone, to maintain 
joint congruity, to rigidly fix unstable fragments, and to 
replace osteochondral defects with cells that can replace and 
grow cartilage.29,66 Optimal surgical treatment will provide a 
stable construct of subchondral bone, calcified tidemark, and 
repair cartilage with viability and biomechanical properties 
similar to those of native hyaline cartilage.

Arthroscopic drilling is indicated for stable lesions with 
an intact articular surface. Drilling creates channels to 
promote revascularization and healing (Fig. 87-6). Although 
more technically challenging, antegrade or retroarticular 
drilling (proximal to distal) precludes disruption of the articu-
lar surface. This technique has been reported as an effective 
alternative to promote bone healing and protection of the 
articular surface as well.22 Conversely, a transarticular tech-
nique is more straightforward from a surgical perspective, but 
it creates small articular cartilage channels that can heal with 
fibrocartilage.8

Arthroscopic transarticular drilling is effective in the 
treatment of OCD lesions in skeletally immature patients. A 
number of authors have reported radiographic resolution  
and increases in Lysholm score throughout postoperative 
follow-up.1,3,8,12 Adachi and associates recently studied 20 
stable lesions in 12 skeletally immature patients (mean age, 
12 years) and found that with transarticular drilling, 19 of the 
20 showed successful healing.1 Treatment success is much 
better for children with open physes than for skeletally 
mature patients. Anderson and colleagues8 noted healing in 
18 of 20 lesions in a skeletally immature group, and only 2 of 
4 healed at an average follow-up of 5 years in a skeletally 
mature group. Younger age has also been shown to be a pre-
dictor of a more favorable Lysholm score.43 Factors associated 
with inadequate healing after drilling include lesions in atypi-
cal locations, multiple lesions, and patients with underlying 
medical conditions.26

The goal of operative treatment of flap lesions is removal 
of the fibrous tissue found between the fragments and under-
lying bone without disruption of the underlying bone from 
the fragment or the subchondral bone at the base of the 
lesion. In patients with partially unstable lesions or unstable 
lesions with adequate subchondral bone to match the defect 
and the fragment, open or arthroscopic fixation can be per-
formed. For cases in which subchondral bone loss has occurred, 
autogenous bone graft can be packed into the crater prior to 
reduction and fixation. Rapid relief of discomfort upon reduc-
tion has led some authors to theorize that pain is the result 

NONOPERATIVE MANAGEMENT

Nonoperative management is the treatment of choice for 
skeletally immature children.70 Because of the vague origin of 
OCD, debate is ongoing about whether immobilization or 
bracing is therapeutic or detrimental. Because a primary goal 
is regeneration of injured subchondral bone, casting or knee 
bracing is favored by many to provide immobilization or to 
help unload an affected area. Other clinicians have sought to 
reach the same goals by using algorithms that include lesser 
forms of intervention such as restriction from high-impact 
sports; others have used partial weight-bearing or non–
weight-bearing treatments. The common denominator in all 
programs is a structured therapy regimen to ensure the return 
of appropriate strength and flexibility.

Options for immobilization include casting, bracing, and 
standard knee immobilization. Partial weight bearing in slight 
flexion minimizes shear, while preserving a limited amount 
of compression across the lesion. Selecting an immobilization 
protocol can be difficult. Casts present children with the 
inconvenience of more restricted range of motion, but can 
be useful in children who are noncompliant with bracing. 
Recent data have shown that casts are efficacious for healing 
and allow maintenance of motion and strength during 
treatment.71

The authors recommend a three-phase approach to the 
nonoperative management of OCD lesions. In phase I, knee 
bracing is recommended. Unloader bracing allows for range 
of motion, and weight bearing with hinged knee bracing 
requires that the knee be locked in extension for weight-
bearing activities. However, a hinged brace can be unlocked 
to allow the patient to perform range-of-motion exercises as 
well. If the patient is pain free and radiographs show signs of 
healing after 6 weeks, he or she is allowed to begin weight 
bearing without bracing and to begin a physical therapy pro-
tocol to improve knee range of motion and quadriceps and 
hamstring strength (phase II, weeks 6 to 12). Three months 
after diagnosis, a patient who has remained pain free and 
shows radiographic evidence of healing begins phase III, in 
which running, jumping, and cutting sports are permitted 
under close observation. High-impact activities and activities 
that might involve shear stress to the knee should be restricted 
until the child has been pain free for several months and 
radiographs show a healed lesion. Although patients with 
JOCD have a better prognosis for healing than those with 
adult OCD, not all lesions in skeletally immature knees  
heal. Repeat nonoperative treatment can be considered if 

Data from Cahill BR: Osteochondritis dissecans of the knee: 
treatment of juvenile and adult forms. J Am Acad Orthop Surg 
3:237–247, 1995.

Table 87-2 Bone Scan Classification of Juvenile 
Osteochondritis Dissecans Lesions

Stage Bone Scan Finding

0 Normal radiographic and scintigraphic appearance

I Lesion visible on plain radiographs, but bone scan 
reveals normal findings

II Bone scan reveals increased uptake in the area of the 
lesion

III Increased isotopic uptake in the entire femoral condyle

IV Uptake in the tibial plateau opposite the lesion
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earlier than boys. The mean age for girls is age 11.5 years, 
with a range from 11 to 13 years of age. Onset of menarche 
typically occurs 1 year after peak height velocity is reached.

The severity of iatrogenic growth disturbance can be pre-
dicted by the skeletal maturity of the patient at the time that 
injury occurred. A 3-cm discrepancy in leg length—nearly 
three times normal variance—is estimated to occur from 
complete closure of the proximal tibial physis in an average 
12-year-old boy, complete closure of the distal femoral physes 
in a 13-year-old boy, or complete closure of the femoral and 
tibial physes in a 14-year-old boy.

Although leg length discrepancy is an undesirable result 
of surgery, angular deformity is the more serious surgical com-
plication. A valgus/flexion deformity of the distal femur can 
be caused by an over-the-top femoral groove if the perichon-
dral ring of LaCroix is damaged, and recurvatum of the knee 
can occur if the anterior tibial physis is damaged. Webster 
and colleagues estimated that partial tibial physeal arrest in 
a 14-year-old boy with 2 cm of growth remaining in the distal 
femur could result in a 14-degree valgus deformity with a 
lateral femoral epiphysiodesis, or 11-degree recurvatum with 
a partial tibial physeal arrest.46

Each of the studies reviewed in the following section illus-
trates the potential consequences of iatrogenic injury to the 
physis during surgical treatment. Patients at greatest risk are 
prepubescent (Tanner stages I and II), followed by pubescent 
patients (Tanner stage III). Patients at least risk are those 
nearing and those who have reached sexual maturity (Tanner 
stages IV and V).

BASIC RESEARCH ON PHYSEAL INJURY

Although there is a dearth of basic research on physeal injury 
in pediatric patients, several animal studies have evaluated 
the consequences of drill hole damage to the physis and of 
insertion of a soft tissue graft through a transphyseal hole. In 
1988, Makela and coworkers studied the effects of 2.0- and 
3.2-mm transphyseal femoral drill holes in rabbits.29 The 
cross-sectional area of the physis destroyed was 3% for the 
2-mm drill hole and 7% for the 3.2-mm drill hole. Results 
showed that 7% cross-sectional destruction of the physis 
resulted in permanent disruption of growth.

Guzzanti and colleagues evaluated the effects of placing a 
soft tissue graft across the physis in immature rabbits.17 ACL 
reconstruction was performed with the semitendinosus tendon 
using 2-mm transphyseal femoral and tibial holes. Drill hole 
damage to the femoral physis was seen in 11% of the trans-
verse diameter and 3% of the cross-sectional diameter. The 
extent of damage to the tibial physis was 12% of the transverse 
diameter and 4% of the cross-sectional area. A valgus defor-
mity developed in about 9% (2/21) of tibiae, and one incident 
of tibial growth disruption was noted. Based on these data, 
the authors recommended extreme caution when transphy-
seal reconstruction is considered in pediatric patients.

Transphyseal ACL reconstruction in a rabbit model using 
four tunnel diameters ranging from 1.95 to 3.97 mm was 
conducted by Houle and associates.20 Larger drill hole size was 
associated with increased and substantial deformity, and 
physeal arrest occurred despite the soft tissue graft. This study 
suggests that no more than 1% of the physis should be dis-
rupted in children during an ACL reconstruction. In a rabbit 
model, Babb and coworkers evaluated the potential for 

and proximal tibial physes), the greater the risk of severe 
treatment-related growth disturbances.

Skeletal age is determined with radiographs. The most 
common method of determining skeletal age is to compare 
an anteroposterior radiograph of the patient’s left hand and 
wrist with the age-specific radiograph in the Greulich and 
Pyle atlas.16

Although skeletal age is essential to determining the rela-
tive risk of ACL reconstruction, the physiologic age of the 
patient is also important and should be considered when the 
treatment planning. Physiologic age can be determined using 
the Tanner staging of sexual maturation.45 Tanner stages can 
determine whether the child is prepubescent (stages I and II), 
pubescent (stage III), or postpubescent (stages IV and V) 
through the presence or absence of secondary sexual charac-
teristics (i.e., pubic and axillary hair and development of 
breasts and genitalia) (Table 88-1).

Preliminary staging should be assigned before surgery by 
asking the patient about the onset of menarche or the growth 
of axillary hair. To spare the child the trauma of genital 
examination, a thorough examination should be completed 
after the child is under anesthesia, but before surgery, for 
precise determination of the Tanner stage.

GROWTH AND DEVELOPMENT

The most rapidly growing physes in the body are located on 
the distal femur and the proximal tibia. The distal femoral 
physis contributes about 40% of the overall lower extremity 
length, and the proximal tibial physis contributes about 
27%.3 The distal femur grows at the annual rate of 1.3 cm, 
but slows in the last 2 years of growth to an annual rate of 
0.65 cm.40 In boys, the mean peak height velocity occurs at 
age 13.5 years, with a range from 13 to 15 years of age. Peak 
height velocity in boys usually occurs at Tanner stage IV. 
However, about 20% of boys do not reach peak height veloc-
ity before Tanner stage V. Girls reach peak height velocity 

Table 88-1 Tanner Stages of Development

Tanner Stage

SEXUAL CHARACTERISTICS

Boys Girls

I (prepubescent) No pubic hair
Testes <4 mL  or 

<2.5 cm

No pubic hair
No breast 

development

II Minimal pubic hair 
at base of penis

Testes 4 mL  or 
2.5-3.2 cm

Minimal pubic hair 
on labia

Breast buds

III (pubescent) Testes 12 mL  or 
3.6  cm

Public hair over 
pubis

Voice changes
Muscle mass 

increases

Pubic hair on mons 
pubis

Elevation of breast; 
enlargement of 
areolae

Axillary hair
Acne

IV Adult pubic hair
Testes 4.1-4.5 cm
Axillary hair
Acne

Adult pubic hair
Areolae enlargement

V (postpubescent) No growth
Adult testes
Adult facial hair
Adult physique

No growth
Adult breast shape
Adult pubic hair
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Figure 89-3. Meyers and McKeever classification 
system of tibial spine fracture in children. A, Type 1: 
minimal displacement. B, Type 2: displaced and hinged 
posteriorly. C, Type 3: complete displacement. 

A B C

SURGICAL AND APPLIED ANATOMY

Between the condyles, the intercondylar eminence or the 
spine is the insertion point for portions of the menisci and the 
anterior and posterior cruciate ligaments. The tibial eminence 
is triangular and refers to the portion of the proximal tibia that 
includes two ridges of bone and cartilage. In the immature 
skeleton, the proximal surface of the eminence is covered 
entirely with cartilage. The ACL attaches distally to the 
anteromedial portion of the tibial intercondylar eminence 
(Fig. 89-4). The posterior cruciate ligament (PCL) inserts on 
the posterior aspect of the proximal tibia, distal to the joint 
line. Both menisci insert into the tibia in the region between 
the lateral and medial eminences, but no direct connection 
exists between the ACL and the menisci. In 12 patients with 
displaced tibial spine fractures that were unable to be reduced 
closed, Lowe and colleagues reported that the anterior horn of 
the lateral meniscus and the ACL were attached simultane-
ously and were pulling in different directions.27

Meniscal or intermeniscal ligament entrapment under the 
displaced tibial eminence fragment can be common and may 
be a rationale for considering arthroscopic or open reduction 
in displaced tibial spine fractures (Fig. 89-5).6,7,10,23 Meniscal 
entrapment can prevent anatomic reduction of the tibial 
spine fragment, which may result in increased anterior laxity 
or a block to extension and knee pain after the fracture has 
healed.14,17,32,41,42 Mah and coworkers found medial meniscal 
entrapment preventing reduction in 8 of 10 children with 
type 3 fractures undergoing arthroscopic treatment.31 In a 
consecutive series of 80 patients who underwent surgical fixa-
tion of tibial eminence fractures that were not able to be 
reduced closed, Kocher and associates reported entrapment 
of the anterior horn medial meniscus (n = 36), the inter-
meniscal ligament (n = 6), or the anterior horn lateral menis-
cus (n = 1) in 26% of type 2 fractures and 65% of type 3 
fractures.23 The entrapped meniscus typically can be extracted 
with an arthroscopic probe and retracted with a retaining 
suture (Fig. 89-6).

CURRENT TREATMENT OPTIONS

Current treatment options include cast immobilization,24,37 
closed reduction with immobilization,41,57 open reduction 

with immobilization,37 open reduction with internal fixa-
tion,38,57 arthroscopic reduction with immobilization,33 and 
arthroscopic reduction with a variety of fixation methods, 
including suture fixation,* wire3 and screw fixation,5,24,33,44 
anchor fixation,54 and bioabsorbable nail fixation.46 Many 
options regarding fixation of the fracture are available, and 
all have been used with good success, most commonly, suture 
and screw fixation. Study findings are equivocal in terms of 
strength of fixation, although suture fixation may be favored 
because it offers the advantages of eliminating the risks of 

Figure 89-4. Anterior cruciate ligament (ACL) insertion onto the 
anteromedial portion of the tibial eminence. 

Figure 89-5. Anterior horn of the medial meniscus entrapped 
under the tibial spine fragment. 

*References 16, 18, 24, 25, 31, and 47.
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___________________________________________________________

CLASSIFICAÇÃO DE TONES e LAACS  de instabilidade 
Femuropatelar

_____________________________________________

CLASSIFICAÇÃO DE Anders Runow  de instabilidade 
Femuropatelar pediatrica

Grupo 1 - had only minimal patella alta (Insall ratio of 1.0 to 1.3), 
minimal trochlear dysplasia, and no generalized hyperlaxity. Significant 
trauma causing the dislocation; they had an average age at initial onset of 
19 and a low rate of recurrence, and osteochondral fractures occurred in 
63%. 

Grupo 2 - had generalized hyperlaxity and an Insall ratio of 1.0 to 1.3 

Grupo 3 - had normal soft tissue function but an Insall ratio greater than 
1.3 

Grupo 4 - demonstrated both hyperlaxity and severe patella alta. the 
recurrence rate was 74%, bilateral involvement occurred in 68% 
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vector on the patella, which may be poorly balanced by lax 
medial ligamentous restraints and poorly developed quadri-
ceps musculature. Age is also a significant risk factor for 
recurrence, with earlier initial dislocation being a positive 
predictor of higher recurrence rates.* Generalized ligamen-
tous laxity is correlated with earlier onset, more frequent 
recurrence, and dislocations that occur with lesser trauma.87 
However, patellar dislocation in a hyperlax patient carries a 
significantly lower risk of concurrent osteochondral frac-
ture.87,99 Patellofemoral markers that have been linked most 
reliably to increased dislocation and recurrence risk are 
patella alta, increased sulcus angle, and lateral dominance of 
the retropatellar surface. These dysplastic changes usually 
occur as a constellation and are more often seen in younger, 
hyperlax female LAACS-type patients (see Table 91-1). 
However, subtle abnormalities in these measurements are 
often noted among TONES-type patients as well (see Table 
91-1). A key host characteristic of recurrent dislocation is a 
history of previous dislocation.34

Figure 91-6. Schematic diagram shows the medial femoral epi-
condyle and its attachments for the adductor magnus tendon 
(AM), the medial patellofemoral ligament (MPFL), and the medial 
collateral ligament (MCL). (From Smirk C, Morris H: The anatomy 
and reconstruction of the medial patellofemoral ligament. Knee 
10:221–227, 2003.)

Medial
Epicondyle

MPFL

AM

MCL

Figure 91-7. Lateral radiograph of the distal femur confirming 
guide wire placement at the femoral origin of the medial patel-
lofemoral ligament. 

Figure 91-8. Potential graft attachment sites. FA, Normal femoral 
attachment, 1  cm distal to the adductor tubercle. All femoral sites 
were 5  mm apart. PA, Normal patellar attachment in the superior 
third of the patella. (From Smirk C, Morris H: The anatomy and 
reconstruction of the medial patellofemoral ligament. Knee 10:221–
227, 2003.)
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Table 91-1 Classification of Patellofemoral Instability 
in Young Patients: TONES and LAACS

T Traumatic, sports-related injury mechanisms
O Older at initial dislocation, Osteochondral fractures more 

common
N Normal patellofemoral architecture, Normal ligamentous 

function
E Equal sex distribution
S Single occurrence, Single-leg involvement
L Laxity, generalized, Lower age at onset
A Atraumatic in nature
A Abnormal patellofemoral architecture, Abnormal ligamentous 

laxity
C Chronic in nature, Contralateral involvement
S Sex dependent, with greater number of females

*References 17, 34, 36, 64, 65, and 87.



CLASSIFICAÇÃO DE Fratura de Patela na ATJ- Mayo 
Clinic 
Tipo 1- implante estável e mecanismo extensor intacto

Tipo 2- implante estável e mecanismo extensor interrompido

Tipo 3- implante instável e mecanismo extensor intacto

3A -bom estoque osseo 

3B - estoque osseo comprometido com menos de 10mm ou 
cominuição

___________________________________________________________

CLASSIFICAÇÃO DE Ortiguera e Berry - Frat Patela 
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From Ortiguera CJ, Berry DJ: Patellar fracture after total knee 
arthroplasty. J Bone Joint Surg Am 84:532–540, 2002.

Table 132-1 Classification of Periprosthetic Patellar 
Tracking According to Ortiguera

Type I Extensor mechanism intact; patellar implant well 
fixed

Type II Extensor mechanism disrupted

Type IIIa Patellar implant loose; patellar bone stock allows 
revision

Type IIIb Patellar implant loose; patellar bone stock does not 
allow revision

fixation; type IIIa fractures have a disrupted extensor mecha-
nism with an inferior patellar pole fracture; type IIIb fractures 
have the same characteristics as IIIa but with an intact exten-
sor mechanism; and type 4 fractures are patellar fracture-
dislocations. Hozack and associates19 used a classification that 
included fracture displacement, presence or absence of exten-
sor lag, fracture location, and failure of previous treatment.

The classification of Ortiguera and Berry28 (Table 132-1) 
focuses on three main factors: integrity of the extensor mech-
anism, fixation status of the patellar implant, and remaining 
patellar bone stock. Type I fractures have an intact extensor 
mechanism and a fixed patellar component, type II fractures 

Figure 132-1. Classification and treatment algorithm proposed by Ortiguera and Berry.28 

Treatment recommendations
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complete
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Figure 132-2. Classification and treatment algorithm proposed by Rorabeck and colleagues.34 
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CLASSIFICAÇÃO DE Rorabeck - Frat Patela
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CLASSIFICAÇÃO DE Goldberg - Frat Patela
Tipo 1- fraturas com mecanismo extensor e implante intactos

Tipo 2- fraturas com mecanismo extensor e implante rompidos

Tipo 3A- fraturas com mecanismo extensor rompido e fratura do polo 
inferior da patela

Tipo 3B- fraturas com mecanismo extensor mantido e fratura do polo 
inferior da patela

Tipo 4- fraturas luxação patelar

_____________________________________________________________________

CLASSIFICAÇÃO DE Infecção em ATJ
Tipo 1- Intraoperatória

Tipo 2- infecção nos primeiros 2 meses

Tipo 3- infecção hematogenica aguda em prótese funcional previa

Tipo 4- infecção Crônica

1382 SECTION 12 Joint Replacement and Its Alternatives

From Ortiguera CJ, Berry DJ: Patellar fracture after total knee 
arthroplasty. J Bone Joint Surg Am 84:532–540, 2002.

Table 132-1 Classification of Periprosthetic Patellar 
Tracking According to Ortiguera

Type I Extensor mechanism intact; patellar implant well 
fixed

Type II Extensor mechanism disrupted

Type IIIa Patellar implant loose; patellar bone stock allows 
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arthroplasty, prolonged postoperative wound drainage (Fig. 
128-1), antibiotic treatment for difficulties with primary 
wound healing, and knee stiffness despite extensive rehabili-
tation efforts may be indicative of deep infection. Sequential 
comparison of plain radiographs may reveal progressive  
radiolucencies, focal osteopenia or osteolysis of subchondral 
bone, and periosteal new bone formation (Fig. 128-2).79 
Additional studies should include CRP, ESR, and aspiration 
of the affected TKR. When elevated, CRP and ESR  
are obtained not only for diagnosis but to serve as baseline 
values for comparison with testing obtained during and after 
treatment.

diagnosed as positive intraoperative cultures after revision 
arthroplasty.

For the remaining clinical presentations, rapid and expedi-
ent diagnosis is essential to prevent the delay of diagnosis, 
which could result in diagnosis of a late or chronic infection 
that could have been identified and treated as an early infec-
tion. Pain is the most common presenting symptom. Persis-
tent wound drainage is strongly suggestive of infection and 
probably should be treated with arthrotomy, débridement, 
and irrigation within the first several weeks after surgery.117 
Cultures of serous wound drainage are difficult to interpret 
and potentially misleading and therefore are discouraged. 
Empirical antibiotic use for persistent wound drainage should 
be avoided, as this only suppresses the clinical symptoms of 
infection and potentially delays diagnosis, eliminating the 
possibility of treatment of the infection without removal of 
the prosthesis.17,73,97,105

Diagnosis of early postoperative infection is typically con-
firmed by joint arthrocentesis, as the erythrocyte sedimenta-
tion rate (ESR) and C-reactive protein (CRP) levels are 
nonspecific in the early postoperative period. CRP levels after 
TKR peak on postoperative day number two and decrease to 
preoperative baseline levels as early as 1 week but typically 
at 14 to 21 days postoperatively.11,60,118 In the early postopera-
tive period, assertive management of delayed wound healing 
or marginal skin necrosis by débridement of necrotic skin and 
primary wound closure is preferable to empirical antibiotic 
treatment, prolonged observation, and eventual development 
of deep infection.62

An acute hematogenous infection typically presents with 
sudden onset of pain or stiffness in a previously well-
functioning arthroplasty.5 Specific risk factors for a hematog-
enous infection, such as a remote source of infection or a 
recent invasive procedure causing significant bacteremia, 
should be identified.66 The severity of symptoms with pain, 
effusion, and restricted range of knee motion in this setting 
facilitates rapid diagnosis. Although ESR and CRP are typi-
cally elevated in these patients, the cornerstone of diagnosis 
is arthrocentesis with evaluation of the aspirate by gram stain, 
quantitative leukocyte count, and culture for aerobic and 
anaerobic bacteria. Empirical antibiotics for the unexplained 
painful prosthesis, without attempts at definitive diagnosis, 
unfortunately are commonly given; this approach only com-
plicates subsequent efforts to diagnose deep infection.

A vast majority of patients with an infected total knee 
arthroplasty (TKA) are diagnosed in the subacute or chronic 
setting. Historical factors such as persistent pain since the 

From Segawa H, Tsukayama DT, Kyle RF, Becker DA, Gustilo RB: Infection after total knee arthroplasty: a retrospective study of the treatment 
of eighty-one infections. J Bone Joint Surg Am 81:1434–1445, 1999.

Table 128-3 Classification System of Prosthetic Joint Infection: Time to Onset of Infection Dictates Treatment

Type 1 Type 2 Type 3 Type 4

Timing of diagnosis Positive intraoperative 
cultures

Early postoperative infection Acute hematogenous 
infection

Late (chronic) infection

Definition Two or more positive 
cultures at surgery

Infection occurs within first 
month after surgery

Hematogenous seeding 
of previously well-
functioning arthroplasty

Chronic indolent clinical 
course; infection present 
for longer than 1 month

Treatment Appropriate antibiotics Attempt at débridement 
with prosthesis salvage

Attempt at débridement 
with prosthesis salvage 
or prosthesis removal

Prosthesis removal

Figure 128-1. Photograph of a chronic sinus tract over the antero-
lateral aspect of the knee joint in a patient with a chronically 
infected total knee replacement. 
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concluded that a metal wedge was an acceptable alternative 
to a custom-made component for reconstruction of tibial 
bone stock defects.9 Brand and colleagues7 reported good 
results with use of a metal wedge for proximal tibial defects. 
In their series, 22 knees (20 patients) were monitored for an 
average of 37 months. No failures and no loosening of tibial 
components were reported. However, a 27% incidence of 
nonprogressive radiolucent lines was described. None of these 
patients required revision surgery, and all but one patient was 
pain free. Although the literature currently does not support 
these concerns, with reported 84% to 98% good or excellent 
results, theoretical disadvantages include undersurface wear 
between the augment and the component and dissociation of 
the augments.28

The use of morselized allograft to manage bone loss remains 
a viable option and has several advantages. Advantages 
include biocompatibility, versatility, cost-effectiveness, and 
restoration of bone stock. However, some disadvantages are 
known, including graft availability, late resorption, infection, 
and risk of disease transmission.7 An absolute contraindica-
tion to allograft is infection; relative contraindications 
include immunosuppression, metabolic bone disorders, neu-
ropathic arthropathy, and a deficient extensor mechanism. 
The use of allograft to manage bony defects has had some 
encouraging results for small and large defects. Whiteside70 
used morselized allograft for localized areas of bone defects in 
56 cementless revisions. All 56 knees demonstrated increased 
density in the grafted zone. For larger defects, Wilde and 
coworkers72 reported their results on 12 knees. Five of the 
knees had contained defects and seven had an uncontained 
defect; all were treated with structural allograft. Radiographs 
demonstrated complete incorporation of the graft in 11 of 12 
knees at an average of 23 months after surgery. Single-photon 
emission computed tomography scans showed uniform activ-
ity in the area of the graft in four of the five knees that were 
studied.

For more extensive bone loss, including AORI type 2B 
and three bone defects, structural allografts, impaction graft-
ing, and metallic prosthetic augments are frequently utilized. 
Structural allografts, which have been used for decades in 
revision TKA, allow the surgeon to create intraoperatively 
constructs of any size or shape to fill the defect. These provide 
excellent initial support for the revision implant and, with 
biologic integration with host bone, will provide long-term 
support and will restore bone stock for future revision arthro-
plasty. Specific disadvantages of structural allografts include 
prolonged operative time required to shape the graft, limited 
availability of large allografts, nonunion, delayed union, graft 
resorption or collapse, and graft infection or disease transmis-
sion.11 Dennis and associates15 reported encouraging early 
clinical results and a high allograft/host union rate with use 
of structural allograft composite in revision knee arthroplasty. 
Unfortunately, midterm follow-up is not as promising. A 
recent study of 70 allografts demonstrated revision-free sur-
vival of 80% and 75% at 5 and 10 years, respectively.4 
Allograft failures (8 of 16) and infection (5 of 16) were 
responsible for 13 of 16 revisions during the follow-up period.

Impaction grafting is well established in revision total hip 
arthroplasty. Theoretically, impaction of morselized graft 
allows more rapid and complete revascularization compared 
with large structural allograft. Based on success in revision 
hip arthroplasty, surgeons have used impaction grafting to 

moderate evidence of component subsidence and osteolysis 
is found. Type 2 defects are managed with cement, metal 
augments, or morselized and structural allograft, depending 
on intraoperative assessment. Typically, type 2 defects are 
ideal for modular metal augmentation.28 Type 3 defects have 
a deficient metaphyseal segment at or above the levels of the 
epicondyles on the femur and at or below the level of the 
tubercle on the tibia. Considerable component subsidence 
and osteolysis are noted with type 3 defects. Type 3 defects 
typically are managed with metal augmentation, impaction 
grafting, structural allograft, and constrained condylar pros-
theses. Rarely, alternative components including allograft/
prosthetic composite or a hinged prosthesis may be required, 
depending on the involvement of the epicondyles and the 
status of the collateral ligaments. In the AORI scheme, each 
type is subdivided into “A” for one condyle or one side of the 
tibial plateau involved, and “B” for bicondylar or total plateau 
involvement. The classification of bone loss should be per-
formed intraoperatively after component removal.

Metal augmentation as part of modern modular revision 
systems is an effective and convenient modality to manage 
bone loss; however, it is not used without concern. Brooks 
and associates compared five different techniques in the  
treatment of wedge-shaped proximal tibial defects. They 

Figure 127-21. Managing bone loss in revision in total knee 
arthroplasty. 
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From Ortiguera CJ, Berry DJ: Patellar fracture after total knee 
arthroplasty. J Bone Joint Surg Am 84:532–540, 2002.

Table 132-1 Classification of Periprosthetic Patellar 
Tracking According to Ortiguera

Type I Extensor mechanism intact; patellar implant well 
fixed

Type II Extensor mechanism disrupted

Type IIIa Patellar implant loose; patellar bone stock allows 
revision

Type IIIb Patellar implant loose; patellar bone stock does not 
allow revision

fixation; type IIIa fractures have a disrupted extensor mecha-
nism with an inferior patellar pole fracture; type IIIb fractures 
have the same characteristics as IIIa but with an intact exten-
sor mechanism; and type 4 fractures are patellar fracture-
dislocations. Hozack and associates19 used a classification that 
included fracture displacement, presence or absence of exten-
sor lag, fracture location, and failure of previous treatment.

The classification of Ortiguera and Berry28 (Table 132-1) 
focuses on three main factors: integrity of the extensor mech-
anism, fixation status of the patellar implant, and remaining 
patellar bone stock. Type I fractures have an intact extensor 
mechanism and a fixed patellar component, type II fractures 

Figure 132-1. Classification and treatment algorithm proposed by Ortiguera and Berry.28 
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Figure 132-2. Classification and treatment algorithm proposed by Rorabeck and colleagues.34 
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