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Chondromalacia pateliae (CP) is an important cause of anterior
knee pain. Two clinical types are known: one that typically affects
young subjects and the one that affects older patients. The
primary diagnostic approach is radiography reinforced with ar-
thrography. A *®™Tc-MDP bone scan is invaluable in the study of
bone diseases especially when augmented with pinhole scintig-
raphy (PS). In this study previously unknown, specific sign of CP
demonstrated by PS in six middie-aged and elderly patients is
described. Methods: Noting an increased patellar uptake in a
planar spot view, a medial PS scan of the patella was taken to
detail the uptake pattem using a 3-mm or 4-mm aperture pinhole
collimator. The uptake pattem was analyzed in terms of location,
definition, mode, grade and other associated changes, and cor-
related with radiographic and CT scan alterations. Results: The
planar views showed pateliar uptake to be diffuse and nonlocal-
izing in five patients and ill-defined and spotty in the remaining
patient. In contrast, PS revealed small, spotty uptake well local-
ized in the central retropatellar facet in all but one patient in
whom uptake was segmental. A control PS study of 16 patients
with their patellas involved by osteoarthritis (n = 6), rheumatic
arthritis (n = 5) and Reiter's syndrome (n = 5) also revealed
retropatellar uptake with or without anterior patellar uptake in
every patient. The CP with localized osteolysis or osteopenia
accumulated tracer intensely, whereas those without showed
mild to moderate uptake. Conclusion: Spotty tracer uptake oc-
curring exclusively in the central retropatellar facet without other
knee joint alteration appears pathognomonic of CP in older pa-
tients.
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Chondromalacia patellae (CP), first described by
Biidinger (1) in 1906, is a condition characterized by a
series of degenerative changes initiated in the retropatellar
facet cartilage that may often progress to cause focal ex-
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posure of bone, subchondral osteophytosis and cystic
change. As Wiles et al. (2) indicated, the term “‘chondro-
malacia” seems to have been introduced by Aleman (3). It
is an important cause of anterior knee pain in adolescents
and young adults, as well as in older patients, often pre-
disposing to osteoarthritis of the knee joint (2 4,5).

Clinically, CP may be suspected by symptoms and signs
which include patellar crepitus, retropatellar pain, soft-
tissue swelling, tenderness, effusion, misalignment and
limping. The primary imaging diagnostic approach is plain
skeletal radiography, but it plays a relatively minor role,
providing indirect information about CP when the pathol-
ogy is confined to cartilage (5,6). However, in established
cases, the “‘excavation’’ has been described to be a reliable
sign (7) and the small focal osteolysis or osteopenia in the
central aspect of the retropatellar facet bone was confirmed
as specific of CP with subchondral bone involvement as
shown in the present series. Arthrography supplemented
with conventional tomography (8) or computed tomogra-
phy (CT) (9) and magnetic resonance imaging (MRI) (10-
12) has been shown to be sensitive and decisive in the vast
majority of cases, but these examinations are often inva-
sive, costly or not readily available.

The bone scan, on the other hand, has also been ex-
plored in the clinical study of painful patellofemoral joints
in general (13-15) and for CP in particular (16), demon-
strating various levels of sensitivity. Admittedly, the
widely practiced, ordinary, planar bone scan with rela-
tively low resolution suffers the drawback of reduced spec-
ificity as well as sensitivity. Pinhole scintigraphy (PS) with
greatly enhanced anatomical resolution has been reported
to be a potent breakthrough (17-20). In effect, bone scin-
tigraphy complemented with the pinhole technique is able
to portray features which are specific for many bone and
joint diseases (17-23).

Pinhole scientigraphy was prospectively applied to the
diagnosis of CP in middle-aged and elderly patients. Paral-
lel to this study, a control study of a few common arthrit-
ides of the knee regularly involving the patella was carried
out for differential diagnostic purposes. The recently intro-
duced bone scan agent, 9mTc-oxidronate (HDP), enabled
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TABLE 1
Wmcmwmmwwx—wmsmmmcwmcmmmmamwcm

Disease Groups
Diagnosis and PS changes
Chief (graded x- Location in Uptake TEPSC//
Patient no. Age/Sex complaint ray change)* patelia mode/grade cTct

1 61M Knee pain CP (+/-) Central facet Focal (++) -//DOC/mf

2 S3fF Knee pain CP (+/-) Central facet Focal (+) — /Tt

3 52F Knee pain CP (+/+) Central facet Segmt (+) -/TCM

4 42F Knee pain CP (+/++4) Central facet Focal (+++) —//RTCHf

5 67M Knee pain CP (+/++4) Upper central Focal (+++) -//DC/mf+c

6 70F Knee pain CP®® (—/+++) Upper central Focal (+++) +/[TC/mf+c

7 61/F Knee pain OA (++) Lower facet Focal (+++) +

8 49M Weakness OA (+) Lower facet Focal (++) -

9 67/F Knee pain OA (+++) Whole facet Diffuse (+++) +
10 S7F Knee pain OA (+) Whole facet Segmt (++) +
1 49F Knee pain OA (+) Whole facet Diffuse (++) +
12 S9/F Knee pain OA (++) Whole facet Diffuse (++) +
13 48F Joint pain RA (++) Whole facet Diffuse (++) +
14 56/F Joint pain RA (++) Whole facet Diffuse (++) +
15 a2M Joint pain RA (+++) Whole facet Diffuse (++) +
16 40/F Joint pain RA (+4) Lower facet Focal (+) +
17 47/F Joint pain RA (+) Whole facet Diffuse (+) +
18 20M Joint pain RS (++) Whole facet Diffuse (++) +
19 18M Joint pain RS (++) Whole facet Diffuse (++) +
20 20M Joint pain RS (+4) Whole facet Diffuse (++) +
21 30F Joint pain RS (+) Whole facet Diffuse (++) +
22 2™ Joint pain RS (+++) Base Focal (+) ++

*Graded x-ray changes included: focal sclerosis with “excavation” and costeolysis or osteopenia in the patellar facet in chondromalacia pateliae;
pateliar spur and roughening in osteoarttitis; osteoporosis, subchondral roughening, and/or periarticular soft-tissue swelling in rheumatoid arthritis;
osteoporosis, soft-tissue swelling, and/or subchondral roughening in Reiter's syndrome. Where possible, individual x-ray changes were arbitrarily

graded into mild (+), moderate (++) and marked (+++).

TEPSC = extrapateliar bone scan changes with increased tracer uptake in the pateliofemoral, femorotibial and tiblofibular compartments.

#CTC = computed tomographic changes including thinning (T), roughening (R) and denudation (D) of cartilage and subchondral osteophyte (O)
and cyst formation (C). The invoived site was the medial facet (mf), lateral facet (if) or central ridge (C).

CP = chondromalacia pateliae; CP°* = chondromalacia pateliae with concurrent osteoarthritis; OA = osteoarthritis; RA = rheumatic arthritis; and

RS = Reiter's syndrome.

satisfactory completion of PS within 20 min without in-
creasing the radiation dose.

MATERIALS AND METHODS

Six patients with CP (two males and four females; age 42-70 yr,
mean age 57.5 yr) were studied. Chondromalacia patellae was the
only significant pathology in all six patients except for one patient
with concurrent osteoarthritis in the knee (Patient 6). For differ-
ential diagnosis, 16 patellas affected with common arthritic dis-
cases of the knee (osteoarthritis (n = 6); rheumatoid arthritis (n =
5); and Reiter’s syndrome (n = 5)) were examined (Table 1).

All patients were seen at the author’s institution for the past 3
yr. The diagnoses of CP were based on radiography, high-resolu-
tion CT scans with a measure-set technique, MRI, and/or arthros-
copy; for the control groups, diagnoses were made based on
symptoms and signs, serological tests, radiography, CT, arthros-
copy and/or histology.

Bone scans were obtained 3 hr and 1.5 hr after intravenous
injection of 20 mCi (0.74 GBq) of ™ Tc-methylene diphosphonate
(MDP) and **™Tc-HDP(Osteoscan-HDP, Mallinckrodt, St. Louis,
MO) during the past six mo. A medial pinhole view was taken by
placing the pinhole center at a distance of about 10 cm medially to
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the midsagittal line of the patella that was painful and “‘hot”’ in the
spot view. Patients were positioned supine on the scan couch in a
lateral recumbent position with their knees flexed and crossed as
comfortably as possible. The pinhole aperture was either 3 mm or
4 mm, depending upon the number of counts emitted, with the
latter size being used more often. A total of 400K-450K counts
were accumulated over a period of 15-20 min. Siemens Scintiview
II (Model ZLC 7500S) and Orbiter (Model 6601) gamma cameras
were used. Generally, the projection was true medial, but in some
control group subjects an oblique projection resulted due to the
patient’s inability to fully cooperate. Parallel to PS, a lateral ra-
diograph of the patella and CT scans with bone- and measure-set
techniques (24) were taken in each patient to study bone and
cartilage alterations in the retropatellar facet, which included
roughening, thinning, or denudation of cartilage and osteophyte
and/or cyst(s).

The patterns of increased patellar uptake shown on pinhole views
were assessed by three nuclear physicians according to intrapatellar
location and the mode or appearance and the intensity of tracer
uptake. The uptake site was categorized into upper, central and
lower zones in the retropatellar facet; the base or inferior edge of the
patella; and the whole facet. The uptake mode was focal, segmental
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FIGURE 1. [Top row, arrows] Medial and anterior planar spot views of the knee in six patients with CP show show nonspecific, diffuse,
patefiar uptake or “hot patelia” signs (B—F) and il-defined, spotty uptake (A). [Bottom row, arrows] Medial pinhole scans of the same patelias
show spotty uptake well localized in the central retropateliar facet in all but Patient 3 (C), in whom uptake is segmental but again well confined
to the facet proper (arrow). Spotty uptake is attended by less intense, reactive uptake in the pateliar body in Patients 4 (D) and 5 (E). (F)
Curvilinear and linear tracer uptake in medial femoral condyle and medial tibial condyle, respectively, denoting concurrent osteoarthritis

(arrows). The knee joint is narrowed (opposing arrows).

or diffuse. The avidity of tracer uptake was arbitrarily graded into
mild, moderate and marked, and associated changes in the patel-
lofemoral and femorotibial articular compartments were evaluated.

The plain radiographic abnormalities in CP included osteoscle-
rosis and an “‘excavation’’ sign (7) and small, focal osteolysis or
osteopenia confined to the central zone of the retropatellar facet.
The observed abnormalities in the control group were porosis,
periarticular soft-tissue swelling, joint space changes, subchon-
dral aberrations and spurs or osteophytes. To correlate with PS
alterations, the radiographic facet changes of CP were classified as
absent, osteopenic or osteolytic. Bone sclerosis was either absent
or present. Finally, CT scan alterations of the patellas were rough-
ening, thinning and denudation of retropatellar facet cartilage, and
focal subchondral osteophyte and/or cystic change, and their in-
trapatellar location in the medial facet, the lateral facet or the
central ridge.

RESULTS

Pertinent patient data, chief clinical complaints, diagno-
sis, graded radiographic alterations, categorized PS find-
ings and graded patellar tracer uptake, the presence or
absence of extrapatellar scan alterations and categorical
CT changes are summarized in Table 1.

The preliminary, planar spot views showed patellar up-
take to be diffuse without the localizing sign in five patients
(Figs. 1B-1F, top row). The uptake was spotty but poorly
defined in one patient (Fig. 1A, top). In contrast, PS in all
six patients portrayed moderate to marked increased tracer
uptake which was well localized in the central (n = 4) and
upper central or supraridge (n = 2) zones of the retropa-
tellar facet (Figs. 1A-1F, bottom row). Tracer uptake was
focal and spotty in mode in all six patients (Fig. 1A, B,
D-F, bottom row) except one, in whom the uptake was
segmental (Fig. 1C, bottom). In two patients with focal,
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radiographic osteolysis and osteopenia, tracer uptake was
extremely intense and was attended by relatively less in-
tense uptake in the remaining patella (Figs. 1D, 1E, bot-
tom). In the other four patients, the uptake was mild to
marked. The avidity of tracer uptake in CP appeared to
roughly correlate with radiographic changes. Thus, tracer
uptake tended to be marked and extreme in patients with
osteolysis or osteopenia (Figs. 1D-F, bottom; see Figs.
6A, 7A), while mild to moderate in those without bone
change (Figs. 1A-1C, bottom). Sclerosis with the ‘““exca-
vation” sign was noted in the facet in all but one patient

FIGURE 2. Medial pinhole scintigraph of the osteoarthritic right
knee and patelia of Patient 11 shows diffuse tracer uptake in the
whole retropateliar facet (arrowheads) and curvilinear and linear
bands of intense tracer uptake in the main osteoarthritic alterations
of pateliofemoral (vertical arrow) and femorotibial (horizontal arrow)
compartments, respectively.
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FIGURE 3. (A) Medial pinhole scintigraph of the ostecarthritic left knee and patella of Patient 7 shows small, discrete, spotty tracer uptake
in the lower edge of the retropateliar facet (arrow) as well as multiple areas of spotty and segmental uptake in the femorotibial compartment,
which is the site of the main pathology (arrowheads). (B) Lateral radiograph reveals an osteophyte arising from the lower edge of the
retropateliar facet (arrow) and cortical irregularity and thinning of other periarticular bones, indicating degeneration.

FIGURE 4. (A) Medial pinhole scintigraph of the rheumatoid arthritic left knee of Patient 13 shows diffuse tracer uptake involving the whole
retropateliar facet (arrows) and a generalized increase in uptake throughout the knee joint, a sign of diffuse articular inflammation. (B) An
oblique pinhole scintigraph of the left knee in Patient 18 with Reiter’s syndrome also shows diffuse uptake in the whole retropatellar facet
(large arrows) and scattered areas of spotty uptake in the joint margins and proximal tibiofibular articulation (small arrows).
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(Fig. 6A) and did not seem to correlate with tracer uptake
avidity. In Patient 6, CP was concurrent with osteoarthri-
tis, manifesting curvilinear and linear bands of intense tracer
uptake in the medial femorotibial compartment (Fig. 1F).

On the other hand, in four of six patients with knee joint
osteoarthritis with patellar involvement, retropatellar
tracer uptake was typically diffuse, involving the whole
facet (Fig. 2); in the remaining two patients, it was spotty in
mode (Fig. 3A), occurring in the lower margin of the facet,
not in the central zone, and was associated with an osteo-
phyte (Fig. 3B). Moreover, spotty and band-like areas of
increased uptake were seen in the patellofemoral and fem-
orotibial compartments which were the sites of degenera-
tion, an important differential feature (Fig. 3A). On the
whole, uptake avidity also appeared to correlate roughly
with radiographic changes in this group.

Finally, in all five patients who had rheumatic arthritis
and Reiter’s syndrome of the knee with patellar involve-
ment, tracer uptake was again diffuse, involving the entire
retropatellar surface (Fig. 4), except for one patient in each
group who respectively showed spotty uptake in the lower
edge of the facet and in the patellar base. Patellar scan
alterations in these two groups were similar, especially on
planar views. Nonetheless, the diffuse tracer uptake in and
about the knee joint on PS views in rheumatoid arthritis
(Fig. 4A) differed from the spotty, periarticular, tracer up-
take seen in Reiter’s syndrome (Fig. 4B). The difference
appeared to clearly reflect the well known, radiographic
characteristics of each disease.

Case Presentations

Patient 1. A 61-yr-old male was referred for imaging
studies of the right, anterior knee due to pain which had
persisted for 4 yr. A plain lateral x-ray of the knee was not
remarkable. Subsequent measure-set and bone-set axial
CT scans through the patella delineated cartilage denuda-
tion with a small, focal subchondral excrescence and cyst
in the medial facet about the ridge (Fig. 5). A medial pin-
hole scan of the patella portrayed a small, spotty area of
moderately intense tracer uptake sharply localized in the
central zone of the facet (Fig. 1A, bottom). No extrapatel-
lar scan abnormality was seen.

Patient 4. A 42-yr-old female was referred for a bone
scan of the right, anterior knee due to pain which had
persisted for 3 yr. The admission plain lateral x-ray of the
knee demonstrated classic focal sclerosis with the ‘‘exca-
vation”’ sign as well as small, spotty osteolysis in the sub-
chondral bone of the central facet (Fig. 6A). Subsequent
high-resolution axial CT scans of the patella demonstrated
roughening and thinning of the retropatellar cartilage as
well as a small, focal, cystic change in the lateral aspect of
the central facet (Fig. 6B). A medial PS view of the patella
portrayed a small, spotty area of markedly increased tracer
uptake localized in the central zone of the facet (Fig. 1D,
bottom). It was accompanied by comparatively less intense
uptake in the rest of the patella. No extrapatellar scan
change was observed.

Differential Diagnosis of Chondromalacia Patellae ¢ Bahk et al.

FIGURE 5. (A) An axial measure-set CT scan through the right
patella in Patient 1 (Fig. 1A) with CP shows denudation of retropa-
tellar cartilage with focal bone excrescence (arrows). (B) Axial bone-
mode CT scan through the same level reveals focal osteophyte and
cyst in the ridged area between media and odd facets (arow).

Patient 6. A 70-yr-old female was referred for a postmas-
tectomy follow-up bone scan, which showed a ‘‘hot patella”
on the right knee. Pinhole scintigraphy was performed which
clearly depicted small, spotty tracer uptake in the upper
central facet (Fig. 1F, bottom). In addition, thick curvilinear
and linear bands of intense tracer uptake were noted in the
medial femorotibial compartment, indicating concurrent os-
teoarthritis. A plain lateral x-ray revealed small, spotty oste-
olysis in the upper central facet (Fig. 7A). Subsequent high-
resolution axial CT scans through the patella revealed
markedly thinned retropatellar cartilage with underlying cys-
tic change in the medial facet and central ridge (Fig. 7B).

DISCUSSION

Chondromalacia patellae, considered to be caused by
traumatic insults to the retropatellar hyaline cartilage and
early senisence, is a syndrome of patellofemoral pain com-
monly occurring in adolescents and young adults as well as
older subjects (2,4,5). Clinically, two different varieties are
noted with regard to age and symptoms. One type mani-
fests with patellar pain and crepitus in young adults and
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FIGURE 6. (A) Lateral x-ray of the right knee in Patient 4 with chondromalacia patellae shows a small, spotty lysis in the central
retropatellar facet (arrow) and bone sclerosis with “excavation” (vertical, opaque meniscus-like shadow about arrow). Neither osteophyte nor
other articular alterations are present. (B) A low-window-set axial CT scan through the patella reveals both roughened and thinned facet
cartilage and subchondral cystic change (arrowheads).

adolescents and the other typically affects older people,
occasionally in concurrence, but not necessarily in associ-
ation, with osteoarthritis in the patellofemoral and fem-
porotibial compartments (5).

The alterations in the retropatellar cartilage vary accord-
ing to disease stage: softening and swelling in the first
stage; fissuring in the second stage; fibrillation with a ‘‘crab
meat’ appearance in the third stage; and thinning, ulcer-
ation and denudation with the exposure of the subchondral
bone in the fourth stage. Following the setting of the last
stage, focal subchondral hyperosotosis or osteophyte and
cystic change may ensue. Epidemiologically, Goodfellow
et al. (4) recognized two different types of cartilaginous
changes, surface and basal. The former type, being age-
dependent, increases in incidence precipitously with age
and likely predisposes to osteoarthritis in later years,
whereas the latter type affects adolescents and young
adults, causing prolonged femoropatellar pain to be treated
by ““excision of the disc of [the] affected cartilage.”

The primary imaging diagnostic approach is plain radi-
ography which plays a limited role in the classic forms of
CP, in which alterations are shallowly confined in the car-
tilage (6). However, as illustrated in Figures 6A and 7A,
focal bone sclerosis and ““excavation’ in the retropatellar
facet have been reported to be reliable signs (7) and spotty
osteolysis or osteopenia in the central retropatellar facet is
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characteristic of CP with subchondral bone involvement.
Arthrography and CT scans are sensitive and decisive
means of diagnosis in both early and established cases, but
they are invasive and costly.

As demonstrated in these six patients, a CT scan mod-
ified with the measure-set technique (24) is efficient for
delineating roughening, thinning and denudation of carti-
lage as well as associated bone aberration and cystic
change (8,9). MRI shows promise for qualitative imaging
of cartilaginous disorders (10-12), but is costlier and not
readily available.

Bone scanning has been used in the diagnosis of pain in
the anterior knee, particularly in CP reported Dye et al. and
Kohn et al. (13,14), where extremely high sensitivity was
reported. One of the first publications describing a system-
atic bone scan study on CP was probably that of Dye and
Boll who found increased patellar uptake in 54% of their
patients with anterior knee pain (I3). More specifically,
they included eight cases of surgically verified CP, 7 of
which manifested ‘‘hot patella.”” A bone scan study on a
series of 50 ““highly selected’” cases with CP by Kohn et al.
resulted in a sensitivity of 100% (I4). It was apparent,
however, that these studies were based on planar scintig-
raphy, the specificity of which is obviously low. In actual-
ity, the descriptive terms they employed were mere ‘hot
patella’ and ““focal uptake’” which are neither clearly de-
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(A) Lateral x-ray of the right knee in Patient 6 (Fig. 1F)
with chondromalacia patellae and concurrent osteoarthritis shows
classic spotty osteolysis in the upper central, retropatellar facet (ar-
row) and periarticular bone irregularity and osteophytosis. (B) An
axial CT scan through the patella demonstrates cysts and bone
aberrations in medial facet (arrowheads). Note marked thinning and

slight irregularity of the femoral condylar cortex.

FIGURE 7.

fined nor specific (15). Furthermore, Butler-Manuel et al.
have documented a record low sensitivity of 38.9% in their
series of 18 cases of CP (I6).

The usefulness of PS with enhanced resolution has been

Differential Diagnosis of Chondromalacia Patellae * Bahk et al.

described in many bone and joint diseases (/7-23). In this
series, PS was prospectively applied to six older patients
with CP. It is likely that the patients in our series are a
surface variant with related subchondral bone alteration;
(4) typical examples of CP that occur in older subjects
without osteoarthritis (5). In five patients, CT changes
were obvious with subchondral bone cyst(s) and osteophy-
tosis, and cartilage thinning was evident in four patients.

The planar spot views showed diffuse ‘‘hot patella”
signs which were nonspecific in five patients and were
ill-defined with spotty uptake in one patient (Fig. 1, top
row). In contrast, PS in five of six patients disclosed a
distinct pattern characterized by small, spotty uptake
sharply localized in the central (Figs. 1A, B and D, bottom)
and upper central (Figs. 1E and F, bottom) zones of the
retropatellar facet. In one patient, the uptake was segmen-
tal, but well confined to the retropatellar facet proper (Fig.
1C, bottom). Our observation is in good accord with that of
Insall et al. (5) who pointed out that the central zone of the
patellar facet is the classic site for CP. In one patient,
osteoarthritis was concurrent in the same knee, showing
classic curvilinear and band-like tracer uptake in the medial
femorotibial compartment (Fig. 1F, bottom). On both the
x-ray and CT scan, the patella was free of significant ar-
throtic change in this patient, ruling out the possibility of
mere coincidence for any close association between CP
and osteoarthritis (Fig. 7). The presence of an obvious
osteophyte in an osteoarthritic patella further clarifies this
point (Fig. 3).

In contrast to the spotty uptake characteristically local-
ized to the central retropatellar facet in CP, the patellar
uptake in 12 of 16 patients with patellar involvement as a
part of more or less widely spread osteoarthritis, rheuma-
toid arthritis and Reiter’s syndrome in the knee was typi-
cally diffuse, affecting the whole retropatellar facet. The
phenomenon was anticipated since the pathologic changes
in the synovium, cartilage and subchondral bone in dis-
eases are multifocal or diffuse within a joint. Tracer uptake
was spotty and discrete in two patients with osteoarthritis
(Fig. 3A) and in the patients with rheumatoid arthritis and
Reiter’s syndrome, but none were found in the central
facet. Such uptake at the inferior edge of the retropatellar
facet or the patellar base is presumably due to bone degen-
eration with osteophytosis that may well be a consequence
of the protracted course of the main disease (Fig. 3B). The
presence of alterations in the knee joint strongly supports
the secondary nature of the patellar change.

In conclusion, the small, spotty tracer uptake sharply
localized in the central retropatellar facet in PS is charac-
teristic of CP in older subjects. The sign appears pathogno-
monic when it occurs singly without other scan abnormal-
ities in the knee joint.
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