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Thermography in the detection and follow up of
chondromalacia patellae

M Vujcic, R Nedeljkovic

Abstract
Although diagnostic criteria for chondromala-
cia patellae exist, the disease is often accom-

panied by physical signs which are limited or

non-diagnostic. Thermographic examination
was performed in 157 patients with clinical
diagnosis of chondromalacia pateliae in 86
patients after surgical treatment for chondro-
malacia, and in 308 controls. Thermography
can help the clinicians in establishing the
diagnosis of chondromalacia patellae, but by
itselfis not sufficiently specific. The specificity
of thermography was dependent on age,
ranging from 90% for the 15-24 year age group
to 65% for the 45-54 year age group. Sensitivity
of the method was 68%. Thermography can
disclose other knee disorders which imitate
chondromalacia pateliae.
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The term infrared thermography means the
recording of temperature or temperature distri-
bution of a body by infrared radiation emited by
the surface of that body. '- Infrared rays are an
invisible part of the electromagnetic spectrum,
above the visible rays and close to micro-
waves.3 97 Infrared rays have physical charac-
teristics similar to those of visible wavelengths
and other waves, but differ from them in
transporting large quantities of thermal energy
when absorbed or emitted.3 4 6 This property is
basic to understanding the principles of modern
equipment imaging by the detection of infrared
radiation.

Chondromalacia patellae is a common disease,
whose cause is unknown, affecting the articular
cartilage of the patella, and characterised by
fissuring, fibrillation, and erosion, as described
by many authors.'20 Although even a minimal
localised degeneration of the cartilage of the
patella may produce patellofemoral pain, there
are cases with extensive degeneration which are

symptom free. 16
Some authors use the term patellofemoral

pain syndrome instead of chondromalacia
and some assert that the patellofemoral pain
syndrome is not synonymous with chondro-
malacia.'3 21 Although chondromalacia patellae
was recently identified as a specific entity, it is
now widely thought to result from many
conditions affecting the knee that lead to
cartilage degeneration.22 23 According to some
authors chondromalacia patellae may lead to
osteoarthritis, but the exact relation between
chondromalacia and osteoarthritis remains
unclear.'2 14 24 Clinical symptoms have been
well described by several authors.'2 16 1-20

Diagnostic criteria proposed by Daracot and

Robinson have been widely accepted." Despite
this the disease is often accompanied by physical
signs which are limited or non-diagnostic.6 24
It is easy either to overlook or overdiagnose
chondromalacia. In only 40 out of 78 knees
(51%) in which a definite clinical diagnosis of
chondromalacia had been made was the diagno-
sis confirmed by arthroscopy. 6 In the remaining
49% the articular cartilage of the patella and
femoral condyles was '... smooth, glistening,
with no loss of lustre and no evidence of
softening.' 16

Davidson and Bass reported a thermographic
pilot study in 46 patients with a clinical diagnosis
of chondromalacia patellae (seven confirmed by
arthroscopy).25 They stated that there is pre-
patellar cooling in comparison with the
surrounding tissue in normal subjects, and
differences in the thermal profile of 0-5C or
more over any part of the patella were considered
abnormal.25 There is much disagreement among
authors about the treatment required. Most
recommend conservative treatment initially, for
at least six months.8 9 24 According to Bentley,
about 35% of patients require operative treat-
ment.26 Various procedures have been suggested,
such as shaving,'4 19 20 patellectomy,8 12 26-28
excision of the affected cartilage with or without
realignment,'4 transposition of the tibial
tubercle,29 and many others. 14 21 23 26 30-32
The aim of this study was to establish the

diagnostic potential of thermography in chon-
dromalacia patellae.

Materials and methods
This study is based partly on a review of the
first 47 of 86 patients examined thermographi-
cally, who were operated on and whose cases we
reported previously.24 The conclusions reached
by thermography were confirmed in 32 patients
(68%) by operation. To investigate further
relations between clinical signs and thermo-
graphic changes 157 patients with clinical diag-
nosis of chondromalacia patellae, 86 patients
after surgical treatment for chondromalacia
patellae, and 308 healthy subjects were reviewed.
Clinical diagnoses were based on the history,
physical findings according to the criteria
suggested by Leslie and Bentley,16 radiography
(anteroposterior, laterolateral, and axial with
the knee flexed at 30, 60, and 90°), laboratory
tests (erythrocyte sedimentation rate, haemo-
globin concentration, minimum uric acid), and
by elimination of other diseases. Thermography
was carried out at a constant temperature of
18-20'C after a 15 minute preparation period
with bare legs, as suggested for all thermographic
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Figure 1 Thermogram ofnormal knees.

Figure 2 Early stages ofchondromalacia patellae ofthe left
knee.

Figure 3 Advanced chondromalacia patellae ofthe right
knee. A black and white monitor must be used to distingu4h
betveen the vascular net around the patella and an
inflammation.

examinations. 2 4 3336 AGA 780 medical
equipment was used.
The thermographic findings were considered

normal when (a) there was thermal symmetry
over the knees; (b) the knees were colder than
the adjacent areas; (c) a narrow temperature
isotherm produced a well shaped oval central
prepatellar zone (fig 1) or, in adipose subjects a
well shaped line tending from the superolateral
towards the inferomedial part of the knee. As
shown in fig 1 there is an obvious gradient
between the prepatellar zone, the coldest area,
and the fossa poplitea, the warmest part of the
knee.

Chondromalacia patellae of the knee was
present when (a) there was asymmetry; (b)
narrowing, irregular form or diminishing of the
prepatellar zone ofmore than 50%; (c) isotherms
spreading from the adjacent areas (except that
of varicose veins) over the prepatellar zone.
Figures 2 and 3 show the early and advanced
stages of chondromalacia patellae.

Results
Table 1 shows the age distribution of patients
with the clinical diagnosis of chondromalacia
patellae. Women predominated in a ratio of
1-5:1 or 1-65:1 if the number of affected knees
are compared.
As shown in table 2, among the female

patients a clinical diagnosis of chondromalacia
was established for 18 on the left knee, 23 on the
right knee, and 54 on both knees. Of the 18
women with clinically established left sided
chondromalacia, thermography showed another
disease (collateral ligament lesion, quadriceps
enthesopathy, ischialgia) in four (22%). In six of
the 18 women thermograms were normal, in
four cases clinical diagnosis was confirmed, and
in three cases thermographic changes were seen
in both knees. Of 23 women with clinically
established diagnoses of right knee chondro-
malacia patellae, three had thermographic find-
ings of another disease (meniscal lesions,
collateral ligament lesions, gonarthrosis decom-
pensata), three had changes in both knees, and
16 patients (70%) had thermographic changes
over the right knee. Two (4%) of 54 women
with clinical chondromalacia patellae in both
knees had normal thermograms, three had
changes of another disease, and 44 had thermo-
graphic changes in both knees. Owing to tC'
presence of varicose veins over the knee thermo-
graphic results could not be interpreted in two
women with a clinical diagnosis of chondro-
malacia in one knee and in five women and two
men with a clinical diagnosis of chondromalacia
in both knees. The results obtained with male
patients were similar (table 2). In general,
thermograms were normal in eight female (8%)
and 12 male patients (19%), non-interpretable
in seven women (7%) and two men (3%), and
with changes suggesting chondromalacia in 70
female (74%) and 41 male patients (66%).
Thermography indicated some other diseases in
16 patients (10%), mainly lateral collateral
ligament lesions.

Fourteen of 25 randomly selected patients
(56%) who underwent an operation had symp-
toms similar to those before surgery (table 3). In
all but one patient the thermograms were
abnormal (93%). We also found abnormal
thermograms in three asymptomatic patients
(one woman, two men) (27%). Figure 4 shows a
normal thermogram of the right knee six
months after operation, but with quadriceps
th1nning.
When 308 healthy subjects were examined

some subjects (of all ages) had thermograms
which were identical with those of patients with
chondromalacia patellae, the prevalence increas-
ing with age. Sixty three of 308 (20%) healthy
controls had thermographic findings identical to
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Table I
patellae

Age and sex distribution of patients with clinical diagnosis of chondromalacia

Age Women Men Total
(years)

Left Right Both Left Right Both
knee knee knees knee knee knees

15-19 1 - 3 6 - 1 11
20-24 - 2 4 2 1 4 13
25-29 3 2 7 - 3 - 15
30-34 4 7 7 7 4 7 36
35-39 4 5 7 2 3 7 28
40-44 1 3 6 - - 1 11
45-49 2 1 12 2 2 5 24
50-54 1 2 5 - 1 2 1 1
55-59 2 1 3 - 1 1 8

Total 18 23 54 19 15 28 157

Table 2 Thermographic findings in patients with clinical diagnosis of chondromalacia
patellae

Thermographic Clinical diagnosis Total
changes

Left knee Right knee Both knees

Women Men Women Men Women Men

Left knee 4 10 - - - 3 17
Right knee - 1 16 7 - - 24
Both knees 3 4 3 - 44 16 70
No changes 6 2 - 4 2 7 21
Another disease 4 2 3 4 3 - 16
Results
uninterpretable 1 - 1 - 5 2 9

Total 18 19 23 15 54 28 157

Table 3 Thermographic findings in 25 patients one to five
years after an operation for chondromalacia patellae

Thermogram Women Men Total

No With No With
symptoms symptoms symptoms symptoms

Normal 5 1 3 0 9
Changed 1 8 2 5 16

Total 6 9 5 5 25

Figure 4 Normal thermogram of the right knee six months

after operation. Note wasting of the quadriceps.

those with chondromalacia patellae (false posi-
tive) but the prevalence varied with age, being
10% (7/68) for 15-24 year olds, 16% (12/76) at
age 25-34, 190/o (16/83) at age 35-44, and
increasing to 35% (28/81) in those aged between
45 and 54.

Discussion
Diagnosis and treatment of ch6ndromalacia
patellae is controversial. Although there are

widely accepted criteria for diagnostic purposes,
these are challenged by a report which criticises
the criteria, both clinical and subjective, and
stresses that an accurate diagnosis can be made
only with arthroscopy. 6 Since Leslie and
Bentley in 1978 showed unsatisfactory results
using clinical criteria it is now widely agreed
that accurate diagnosis of chondromalacia
patellae is difficult. Additional methods are
needed to establish the diagnosis. Arthroscopy
is a valuable method for the diagnosis of
chondromalacia patellae.16 37-40 Although it
provides an easy method for examining the
patellofemoral joint, there are some problems.
Chondromalacia patellae is a common disease,
but arthroscopy has not been used widely
enough. Furthermore, many patients are reluc-
tant to accept arthroscopic investigation. Thus
it has been necessary to establish the diagnosis
using the following criteria: (a) presence of long
term 'typical symptoms; (b) presence ofobjective
clinical signs as suggested by Leslie and
Bentley'6; and (c) elimination of other diseases.
We noticed that the distribution of isotherms

over the knees of healthy subjects are charac-
terised by the signs detailed in 'Materials and
methods'. Many diseases alter some or all of
these signs. The thermogram of a knee affected
by arthritis, for instance, shows some apparent
changes affecting all of it, and an inflamed knee
can usually be distinguished from normal at
first sight. Thermography provides information
on the side, the area affected, and the intensity
of the inflammation, quickly, objectively, and
with accuracy.10 11 411

In patients with unilateral chondromalacia
patellae we have also seen various degrees of
asymmetry due to the narrowing, diminishing,
and disappearance of the cold prepatellar zone.
Later, as Davidson and Bass noted, a prepatellar
vascular net appeared (fig 2). The same changes
were noted in patients with arthrosis, but with
an irregular isotherm pattern. These observa-
tions refer to 'typical' unilateral changes. There
are, however, many patients in whom it is not
easy to distinguish these two diseases. It is not
possible to differentiate chondromalacia from
sequelae of rheumatoid arthritis in the case of
'burnt out' disease in the knee.

In the presence of synovial irritation (which is
rare and is detected mostly in advanced cases)
the thermogram shows the appearance of high
temperature isotherms, which could not always
be distinguished from those in arthritis or
osteoarthritis. Thus other tests are required for
diagnosis.

Forty seven of 86 patients, whose cases we
reported previously,24 underwent an operation,
and in 32 the thermographic conclusions were
confirmed (68%, indicating the specificity of
thermography. The main discrepancies were in
the thermographic findings in adipose female
patients, which were unclear, being described
as osteoarthritis or normal. Table 4 shows that
some healthy subjects of all ages have the same
thermographic findings as those seen in patients
with chondromalacia (false positives). The pre-
valence of false positive results increases with
age and the specificity of thermography is
satisfactory only up to the age of 25, where the
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Tabk 4 Thermography of the knees of healthy men and women

Age (years) Men Women

Normal Chondromalacia Total Normal Chondromalacia Total
No (%) No (%) No No (%) No (%) No

15-19 15 (94) 1 (6) 16 14 (93) 1 (7) 15
20-24 15 (88) 2 (12) 17 17 (85) 3 (15) 20
25-29 20 (91) 2 (9) 22 15 (83) 3 (17) 18
30-34 16 (84) 3 (16) 19 13 (76) 4 (24) 17
35-39 20 (83) 4 (17) 24 20 (80) 5 (20) 25
40-44 12 (80) 3 (20) 15 15 (79) 4 (21) 19
45-49 15 (75) 5 (25) 20 14 (67) 7 (33) 21
50-54 14 (70) 6 (30) 20 10 (50) 10 (50) 20

Total 127 (83) 26 (17) 153 118 (76) 37 (24) 155

reliability of results is 90%. In older subjects the
specificity falls so that after the age of 45
thermographic results are unreliable.
What is the reason for so many thermographic

changes in healthy subjects? We suggest that it
may be some kind of 'silent' arthrosis. Morsher23
and other authors2' 37 reported that chondro-
malacia patellae may be found by arthrotomy in
a number of asymptomatic patients. A 'silent'
arthrosis might be also be present in patients
with thermographic changes in both knees but
with symptoms in only one. This was confirmed
in a number of patients who after an operation
on one knee developed retropatellar pain in the
opposite knee, requiring a further operation.
Goodfellow and coauthors state that chondro-
malacia is usually bilateral.'3 Why, therefore, is
it possible to find symptomatic chondromalacia
without thermographic changes over the knees?
Additionally, why do some symptomatic subjects
with a clinically 'definite' diagnosis of chondro-
malacia have no changes at arthroscopy or
arthrotomy.2 The answers to these questions
would only be speculation. With our thermo-
graphic system monochrome thermography
using a black and white monitor should be used.
It is not possible to differentiate clearly varicose
veins from arthritis with a colour monitor.
Some patients with a 'definite' clinical diag-

nosis of chondromalacia showed typical thermo-
graphic findings of another disease, usually a

faint lesion of the lateral collateral ligament.
We found that varicose veins were the only

obstacle to reliable thermographic assessment.
Thus in nine patients with varicose veins out of
157 patients with a clinical diagnosis of chondro-
malacia patellae no definite conclusions could
be reached by thermography.
There are many different opinions about

the causes of chondromalacia.8 14 19 21 23 26 28

31 45-47 The most interesting are the data given
by Wiberg, who shows that chondromalacia is
apparently present in nearly all subjects over 30
years of age.47 If this statement is true an

arthroscopic interpretation of the causes of knee
pain must be treated with caution. Even in such
specific diagnostic examinations chondromalacia
might only be secondary and the pain might
have been caused by some other disease. Owing
to the limitations of arthroscopy39 48 one can

logically conclude that some misdiagnoses may
be made with that method. Unlike Wiberg,
Casscells found normal articular patellar surfaces
by necropsy in 34% of subjects over the age of
50.4 According to Morsher, whenever there is
pain in the knee, but no clinical diagnosis is

made, it is caused by chondromalacia in 90% of
the cases.23

Conclusions
1 Thermography can help the clinician in
establishing the diagnosis of chondromalacia
patellae, but this method by itself is not
sufficiently specific.
2 In a series of 47 surgically treated patients
with chondromalacia, thermographic conclu-
sions were confirmed in 32 (68%).
3 The specificity of thermography was depen-
dent on age. Sixty three (20%) of 308 healthy
subjects showed thermographic changes identical
to those ofsubjects with chondromalacia patellae,
but this percentage varied according to age so
that for 15-24 year olds the specificity was
90%, 84% for the age group 25-34, 81% for the
age group 35-44 years, and only 65% for the
group aged 45-54 years.
4 The results of thermographic examinations
are best in young patients with one knee
affected, worst in obese women with two knees
affected, and of no value in patients with
varicose veins over the knee.
5 Thermography can improve the clinician's
objective judgment of some postoperative
symptoms.
6 Thermography can disclose other knee dis-
orders which are not clinically evident and
which imitate chondromalacia patellae.
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