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Musculoskeletal Radiology

PURPOSE: To determine the histo-
pathologic findings of patellar tendi-
nosis (“jumper’s knee”) demon-
strated with ultrasonography (US)

and magnetic resonance (MR) imag-
ing.

MATERIALS AND METHODS:
Twenty-four athletes (28 knees) with
jumper’s knee (23 men, one woman;
mean age, 30.9 years) scheduled to
undergo open tenotomy underwent
US patellar tendon examination. 5ev-
enteen patients (19 knees) also un-
derwent MR imaging. Tissue was
obtained for histopathologic exami-
nation in all 28 cases. Eleven age-,
height-, and weight-matched athletes
(22 knees) without previous knee
symptoms served as control subjects
for the US examination. Control ma-
terial for histopathologic examination
was obtained in 20 cadavers (39
knees). Data were analyzed with
standard statistical methods.

RESULTS: MR imaging and US both
revealed an abnormal zone at the
proximal patellar tendon attachment.
Histopathologic examination re-
vealed mucoid degeneration in all
tendons in patients and in 8% (three
of 39) of tendons in cadavers (P <

.01).

CONCLUSION: Jumper’s knee is
characterized by consistent changes
at MR imaging, US, and histopatho-
logic examination and is appropri-
ately described as patellar tendinosis.

T HE clinical entity of “jumper’s
knee” causes substantial morbid-

ity in elite and recreational athletes,
especially those who play basketball,

volleyball, soccer, tennis, and track
(1). The syndrome refers to anterior
knee pain associated with tenderness

of the patellar tendon near its patellar
attachment (1-3). In this article, we
use “jumper’s knee” to refer to the
clinical syndrome and “patellar tendi-
nosis” to refer to histopathologically
proved tendon disease. We eschew
use of the misnomer “patellar tendini-
tis.”

Ultrasonography (US) and mag-
netic resonance (MR) imaging can be
used to detect abnormalities in the
patellar tendon itself (4-12) and help
differentiate the condition from patel-
lofemoral syndrome in clinical prac-
tice (13). Imaging has also been used
to guide clinicians as to the severity of
jumper’s knee.

Various pathologic changes have

been reported injumper’s knee. These
include pseudocyst change (14,15), fibri-
noid necrosis (16,17), mucoid degenera-

lion (17,18), randomized collagen with
neovascularization and tenocyte infiltra-
hon (17,19), microtears of the tendinous
tissues (17,19), chronic inflammatory cell

infiltration (4), focal degeneration near

the bone-tendon insertion (17,19,20),
and angiofibroblastic tendinosis (8).
Some of these changes may be due to
the effect of hydrocortisone injection
(17) rather than to the primary tendon
abnormality (15). The aim of this study
was to document the pathologic
changes in cases of jumper’s knee
demonstrated with US and MR imag-
ing. In addition, we compared the
dimensions of abnormalities seen at

US and MR imaging.

MATERIALS AND METHODS

Collaborating surgeons notified a cen-

tral registry when they scheduled patients
with jumper’s knee for open tenotomy.
The decision to perform surgery was
made on the basis of failed conservative
management. In all cases, surgeons used
US to confirm the diagnosis and the loca-
tion of the abnormality. All patients who
were identified in this way agreed to par-
ticipate in this study; thus, the study
group consisted of consecutive individuals
undergoing patellar tenotomy for jump-
er’s knee. At the time of the study, MR im-
aging findings were not used for clinical
decision making in jumper’s knee. Pa-
tients underwent MR imaging for research
purposes if it could be scheduled between



Characteristics of Patients, Control Subjects, and Cadavers

Patients Control Subjects Cadavers

Characteristic (n = 24) (n = 11) (n = 20)

No. of pateltar tendons studied 28 22 39
Mean age (y) 30.9 (1.7) 31.5 (1.1) 60.8 (4.4)*

Mean height (cm) 180.0 (1.8) 185.5 (2.1) 169 (2.5)*
Mean weight (kg) 81.2 (2.3) 83.4 (3.7) 68.8 (4.6)*
Mean duration of symptoms (mo) 35.4 (8.2) 0 (0) ...
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recruitment and the date ofsurgery. Asymp-
tomatic volunteers were recruited as control
subjects for US. Cadavers were used to
provide control tissue for histopathologic
analysis.

Clinical Assessment

An investigator (K.M.K.) administered
a questionnaire to patients and control
subjects about their age, height, weight,
sports played, level of competition, side(s)
affected (for patients), and type of treat-
ment received (for patients). Severity of
pain was assessed with common clinical
questions about pain at rest and with exer-

cise (2) and by using the seven-point Nirschl
Pain Phasing System, which was com-
bined with a visual analog scale (21).

Patients had their knees examined clini-

cally by two treating physicians (some-
times DAY., P.R.H.) and one investigator

physician (K.M.K.). Control subjects had
their knees examined clinically by one in-
vestigator physician (K.M.K.). Tenderness
was recorded as present or absent and,
when present, its location was noted.

Patient, Control Subject,
and Cadaver Characteristics

Open patellar tenotomy was performed
in 24 patients (28 knees). There were 23
men and one woman (age range, 18-43
years). Eleven athletes who did not recall
ever having symptoms of anterior knee
pain served as a specific US control group
(22 tendons). These subjects were selected

from a large database of asymptomatic
athletes (�j Cook et al, unpublished data,
1996) (22) to match the patients for age,
height, and weight. Thirteen of the 24 pa-
tients scheduled to undergo surgery who
had unilateral symptoms also underwent
US examination of their asymptomatic

tendon. These subjects, however, were not
included in the US control group. Speci-
mens were obtained in 20 cadavers (39
tendons; 18 men, two women; aged 24-80
years). The mean age, height, and weight
of the patients, control subjects, and ca-
davers are reported in the Table. There
was no statistically significant difference in
the mean age, height, and weight of the
patients and control subjects. The cadav-
ers, however, were older, shorter, and
lighter than the patients (Table).

Clinical Features

In the patients, 14 right and 14 left ten-
dons were affected by substantial symp-
toms. The most aggravating sport was bas-
ketball (eight patients), followed by running
(six patients), Australian-rules football (two

patients) and soccer (one patient), squash
(two patients), cricket (three patients), ka-
rate (one patient), and equestrian (one pa-
tient). Eleven of the 24 (46%) athletes re-
ported bilateral symptoms. Of these, five
had previously undergone contralateral
tendon surgery and four were undergoing
bilateral surgery at the time of this study.

All patients had pain with exertion. All

Note-Numbers in parentheses are standard errors.
* P < .05 for patients versus cadavers.

but four patients had pain with light ac-
tivities of daily living (Nirschl phase VI).
Seven patients had a constant ache at rest
and pain that disturbed sleep (Nirschl
phase VII). The mean (± standard error)
Nirschl pain phase score was 5.9 ± 0.2.

The amount of time that jumper’s knee
kept the patients from competition varied

from none, where the patient had reduced
training but still competed weekly, to more

than 12 months (mean ± standard error, 4.6
months ± 1.2). Cortisone acetate had been
injected in eight patients. Three of those pa-
tients reported that cortisone acetate made

no difference; the remainder reported relief

of symptoms for I week to 6 months.
The two treating physicians and one

investigating physician all detected ten-
derness at the junction of the inferior pole
of the patella and the tendon that corre-
sponded to the site of the lesion at imag-
ing in all patients. The physicians agreed
that jumper’s knee was the clinical diagnosis.

None of the athletes in the US control group

had marked tenderness at this site.

Imaging

As part of their preoperative work-up,

all patients underwent US of both knees
by using linear-array transducers (Dorni-
er-Acoustic Imaging, Phoenix, Ariz) at 7.5
or 10.0 MHz. US was performed by one of
four radiologists (including Z.S.K., R.J.D.).
The radiologists took care to examine the
tendon with the probe exactly perpendicular
to the tendon to avoid a false-positive finding

due to hypoechoic artifacts (23).
Patients underwent MR imaging with a

high-field-strength (1.5-T) unit (GE Medi-
cal Systems, Milwaukee, Wis) at one of
two centers. Only symptomatic knees
were examined. Multiple sagittal and axial
sequences were performed by using a 3”
surface coil placed directly over the patel-
lar tendon. The following sequences were
performed: two-dimensional, Ti-weighted,
sagittal, spin-echo (SE) imaging (400/20
[repetition time msec/echo time msecj,
3.0-mm-thick sections with no gap, 12-cm
field of view, 256 x 256 matrix, two signals

acquired, imaging time of 3 minutes 31
seconds); T2-weighted, sagittal, fast SE
imaging with fat saturation (3,000/110 [ef-
fective echo timej, echo train length of
eight, 12-cm field of view, 3.0-mm-thick
sections with no gap, 512 x 256 matrix,

two signals acquired, imaging time of 3
minutes 24 seconds); two-dimensional,

T2-weighted, sagittal, gradient-echo
(GRE) imaging (800/30, 70#{176}flip angle,
12-cm field of view, 3.0-mm-thick sections
with no gap, 256 x 256 matrix, one and a
half signals acquired, imaging time of 5
minutes 10 seconds); two-dimensional,
sagittal, short inversion time inversion-

recovery (STIR) imaging (4,000/17 with an
inversion time of 140 msec [4,000/17/140],
echo train length of six, 12-cm field of
view, 3.0-mm-thick sections with no gap,

. 256 x 192 matrix, two signals acquired,
imaging time of 4 minutes 32 seconds);
and two-dimensional, axial, Ti-weighted
imaging (600/20, 3.0-mm-thick sections
with no gap, 12-cm field of view, 256 x
256 matrix, one and a half signals ac-

quired, imaging time of 3 minutes 59
seconds).

MR imaging findings were initially re-
ported by four MR radiologists (including
P.M.D., R.M.O.) who were blinded to the
findings of US. These MR reports were
rendered irrelevant by the subsequent
controlled, blinded multiobserver analysis
performed by two MR radiologists (P.M.D.,
B.M.T.). These investigators evaluated the
MR images obtained in all subjects who had
undergone imaging with a single magnet at
Royal Melbourne Hospital, Parkville, Austra-
lia (12 patients [14 tendons]).

To analyze images obtained with the
four sagittal sequences, they chose one
sagittal TI-weighted image that showed
the abnormal region to be largest and re-
corded the section position (eg, 2.54 right).
For each of the other sagittal sequences
(T2-weighted GRE, T2-weighted fast SE,
STIR), they independently selected an im-
age that corresponded to the section posi-
lion they had agreed on for the Ti-weighted
sequence. The following measurements were
obtained on the sagittal images: (a) antero-
posterior size of the tendon, (b) anteropos-
terior dimension of the area of abnormal
signal intensity, and (c) craniocaudal (su-
peroinferior) dimension of the area of ab-
normal signal intensity. To analyze the
Ti-weighted axial sequence, the radiolo-
gists conferred to determine the section
that showed the abnormal region to be
largest. They then independently mea-
sured the anteroposterior and mediolat-
eral dimensions of the area of abnormal
signal intensity.

Thus, in each patient, both reporting radi-
ologists performed 12 measurements with
the sagittal sequences (three measure-
ments x four sequences) and two mea-



-�.. 40
E

430.

�20
E

PRTELLR MIDOLE!

:�.*..

us Ti FSE GRE STIR

Figure 2. Longitudinal (sagittal) US scan of the patellar tendon in

an 18-year-old man with jumper’s knee shows a focal hypoechoic
region (arrow) at the deep portion of the tendon adjacent to the
lower pole of the patella.
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Figure 1. Mean length (± standard error) of
the largest lesion (hypoechoic region at US
and area of abnormal signal intensity at MR
imaging) in the craniocaudal (superoinfenor)

direction. * indicates P < .05 in a comparison

with all other modalities. FSE = fast SE MR

imaging, TI = TI-weighted MR imaging.

surements with the axial sequence. Results
showed acceptable levels of interobserver
agreement, with Pearson r values of .89-
.99 for the 14 sets of measurements.

To compare the size of the US abnor-
malities with those seen on MR images,
the site at which the lesion appeared
maximal on US scans was identified and
measured in the sagittal plane. The cranio-
caudal (superoinfenior) and anteroposte-
nor dimensions were measured indepen-
dently, before MR imaging, by the US
radiologists (including Z.S.K., RID.).

Surgery

All patients underwent open tenotomy.
In each case, the patellar tendon was ex-
amined macroscopically, and the speci-
men of macroscopically abnormal tissue
was excised in toto. The proximal portion
of the excised tendon (patellar insertion
site) was identified with a suture before

the specimen was placed in formalin.

Histopathologic Examination

All specimens were examined by a mus-
culoskeletal histopathologist (F.B.). The
patellar insertion site was marked for rec-
ognition microscopically, and specimens

were serially sliced longitudinally. Longi-
tudinal slices enabled changes to be recog-
nized throughout the length of the tendon
to correspond to US and MR findings.

Specimens were stained with hematoxy-

un and eosin and examined with polariza-

tion microscopy. Polarization microscopy
is a simple and useful method of assessing

the continuity and alignment of collagen
fibers. Special stains used were alcian blue

(pH, 2.5), to detect any increase in ground
substance; Prussian blue, to detect hemo-

siderin (suggests previous bleeding into

the tendon); and immunoperoxidase, to de-
ted smooth muscle actin by using an avidin
biotin technique at a dilution of 1/50 (Dako,
Carpinteria, Calf) to detect myofibroblastic

and vascular proliferation. There was no at-
tempt to quantify the abnormality seen at
histopathologic examination.

Patellar tendon specimens were ob-
tamed from sequential cadavers that met
the Victorian Institute of Forensic Pathol-
ogy (Melbourne, Australia) ethics commit-
tee criteria for the study (ie, there were no
known relatives and death resulted from
trauma). We examined the specific region of
cadaver tendon (patellar insertion) that cone-
sponded to the site of surgery in the patients.

Statistical analysis was performed by using

the STATVIEwSE+ program (Abacus Con-
cepts, Berkeley, Calif). The age, height, and
weight of the patients, control subjects, and
cadavers were compared by using the analy-

sis of variance test. Interobserver correlations

for MR measurements were performed by
using Pearson r values. The differences in the
size of the tendon lesion measured at US and
with each MR sequence was determined by
using repeated-measures analysis of variance
followed by posthoc Fisher multiple compari-
son tests. The prevalences of tendon abnor-
malities in the patients and control subjects
were compared by using a 2 x 2 x2 test. Sta-
tistical significance was determined to be at
the .05 level.

The ethics committees of the Royal Mel-
bourne Hospital and the Victorian Insti-
tute of Forensic Pathology approved the
study. All patients and control subjects

gave informed consent.

RESULTS

Imaging Results

Maximal lesion dimensions-The

maximal craniocaudal (superoinfe-
nor) dimension of tendon lesions
measured on US scans (longitudinal
[sagittal] image) was compared with

that measured on the corresponding
MR images obtained with each of the
four sagittal sequences. The mean cra-
niocaudal (superoinferior) dimen-
sions of the tendon lesions measured

at US and MR imaging are given in
Figure 1. The lesions had greater su-

peroinferior (craniocaudal) dimen-
sions with the T2’-weighted GRE se-

quence than with US and the other
MR sequences (P < .05) (Fig 1). There

were no statistically significant differ-
ences between the mean anteroposte-
nor dimensions of lesions measured
at US and those measured with the
various MR sequences. Also, there
were no statistically significant differ-
ences between the mean anteroposte-
nor dimensions of the tendon mea-
sured with US and those measured
with the various MR sequences.

us appearance.- Twenty-five of the
28 symptomatic knees had one hy-

poechoic area in the proximal portion
of the patellar tendon at US. Three
knees had two hypoechoic lesions. US
appearances in all 28 cases consisted

of a focal hypoechoic area (Fig 2)

combined with various amounts of
swelling of the surrounding tendon.
Hyperechoic regions within the tendon,
considered to be calcification, were seen
in eight of the 28 tendons. Dystrophic
ossification was present at histopatho-

logic examination in all eight cases.
In the control subjects, who were

athletes who had never reported
symptoms, four of the 22 tendons

(18%) had a focal hypoechoic region.

Of the 13 patients with jumper’s knee
whose contralateral patellar tendon
had never been symptomatic, two
(15%) had a hypoechoic region.

MR imaging appearance-All pa-
tients had an area of abnormal signal

intensity within the tendon at the

junction with the patella (Figs 3, 4).
Lesions had increased signal intensity

relative to the tendon on Ti-weighted
images (Figs 3a, 4) and had markedly

increased signal intensity on T2’-

weighted GRE images (Fig 3b), T2-
weighted fast SE images (Fig 3c), and
STIR images (Fig 3d). Maximal antero-
posterior and craniocaudal (superoin-
ferior) lesion sizes were compared
with those in each of the sagittal se-
quences. In all but one case, the maxi-
mal dimension of the lesion was
greater with the T2’-weighted GRE
sequence than with the other sagittal
MR sequences.



Figure 3. Sagittal MR images obtained in an 18-year-old man with jumper’s knee. (a) Ti-
weighted SE image (400/20) shows an area of increased signal intensity (arrow) relative to

that of the tendon. (b) T2*�weighted GRE image (800/30, 70#{176}flip angle) shows markedly hy-

perintense signal intensity in the tendon at the attachment to the patella. The posterior mar-
gin of the patella is irregular and poorly defined (arrow). (c) T2-weighted fast SE image (3,000/

110 (effective]) shows a marked increase in signal intensity (straight arrow) in the tendon and

increased signal intensity in the lower end of the patella itself (curved arrow). (d) STIR image

(4,000/17/140) shows increased signal intensity in the tendon (straight arrow) and patella
(curved arrow).

Figure 4. Axial Ti-weighted MR image
(600/20) obtained in an 18-year-old man with
jumper’s knee. This image helps localize the
lesion in the axial plane, and, in this case, the

increase in signal intensity (arrow) arises
from the medial aspect of the tendon.
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The T2-weighted STIR and fast SE
sequences revealed abnormal signal

intensity in the patella (Figs 3c, 3d) in

all but one case. The Ti-weighted se-
quence (Fig 3a) revealed this abnor-

mality in only seven of 19 cases (37%).

Histopathologic Findings

Cadavers-Tendons measured ap-

proximately 35 x 25 x 10 mm and
were composed of glistening, stringy
white tendinous tissue. Thirty-four of

the 39 tendons (87%) appeared en-
tirely normal microscopically. They

were composed of dense fibrotendi-

nous tissue (Fig 5a) with a dense, ho-

mogeneous polarization pattern (Fig

5b). The bundles of collagen had

smooth borders, inconspicuous teno-

cytes, an absence of stainable ground

substance, inconspicuous vasculature,

and no evidence of fibroblastic or
myofibroblastic proliferation.

Three of the 39 tendons (8%)
showed mild changes similar to those

noted in all patients (see below). In
addition, one tendon showed an in-

crease in ground substance in the

paratendinous fibroadipose tissue
(the tendon collagen itself was unre-

markable) and one showed scarring

and traumatic neuroma formation
consistent with previous trauma.

Patients-Twenty-eight tendons

were examined. The specimens mea-
sured an average of 20 x 15 x 8 mm
and lacked the distinctive stringy ap-
pearance seen in normal tendons.

The histopathologic findings in all

cases were essentially similar: relative

expansion of the tendinous tissue

with loss of clear demarcation of col-

lagen bundles accompanied by a loss

of the normal dense, homogeneous

polarization pattern (Figs 5c, 5d). In
most instances, a definite vector that

marked the transition from normal to

abnormal could be seen-with the

more marked pathologic findings

proximally situated (ie, close to the

patellar insertion site).

The abnormality manifested as a

gradual and increasing separation of

collagen fibers at polarization light

microscopy with a gradual increase in

mucoid ground substance, which was

confirmed with use of alcian blue

stain. Maximal mucoid change was

present proximally at the insertion
site where tenocytes, when present,

were plump and chondroid in ap-

pearance (exaggerated fibrocartilaginous

metaplasia) (Figs 6a, 6b). These changes

were accompanied by increasingly con-

spicuous cells within the tendinous tis-

sue, most of which had a fibroblastic and

myofibroblastic appearance.

The cellular proliferation was maximal
centrally within the tendinous tissue
and was accompanied by a prominence

of capillary proliferation (Fig 6c). Polar-

ization microscopy showed a tendency
to discontinuity of collagen fibers in this
area (Fig 5d). In two cases, foci of ossifi-
cation (traction lesions of bone as dis-

tinct from dystrophic ossification) were
present in this region.

A distinctive feature noted in all

instances was an abrupt discontinuity

of both vascular and myofibroblastic
proliferation just before the area of

maximal mucoid degeneration and
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Figure 5. (a, b) Specimens from a male cadaver (37 years old at death). (a) Specimen from a normal tendon (hematoxylin-eosin stain; original magnifi-
cation, x 4()). The tendon appears smooth, and tenocytes and blood vessels are inconspicuous. (b) Polarization microscopic specimen (hematoxylin-eosin
stain; original magnification, x 40) shows tightly cohesive continuous collagen bundles with a dense, homogeneous polarization pattern. Normal crimp-

ing is evident. (c, d) Corresponding tissue specimens from an abnormal tendon in an 18-year-old man with jumper’s knee. (c) Specimen (hema-

toxylin-eosin stain; original magnification, x40) shows loss of the normal smooth tendon appearance, an increased number of fibroblasts and
myouibroblasts, and prominent blood vessels. (d) Polarization microscopic specimen (hematoxylin-eosin stain; original magnification, x20)

demonstrates a loss of the normal, dense, homogeneous polarization pattern, separation of collagen fibers, and focal discontinuity of fibers.

fibrocartilaginous metaplasia present

at the area of insertion into the patella

(Fig 7).

In most cases, a demonstrable in-

crease in mucoid ground substance

could be seen in surrounding fibro-

fatty tissue. Inflammatory cells were

not seen in any specimen. The find-

ings seen in all cases were constant,

irrespective of whether cortisone in-

jection had been administered to the

patient.

Results of the �2 test revealed that

the proportion of patellar tendons

with changes of mucoid degeneration

(28 of 28 = 100%) was greater than

that of cadaver tendons with similar

changes (three of 39 = 8%) (P < .OOi).

DISCUSSION

Imaging Aspects

In our study, the sagittal T2’-
weighted GRE sequence revealed a

statistically significantly larger area of

high signal intensity than did the Ti-

weighted and T2-weighted fast SE
sequences (Figs 1, 3a-3c). Increased

signal intensity in tendons on T2’-

weighted GRE images can arise ow-

ing to the “magic angle” phenom-

enon (24). However, this does not
appear to explain our finding for sev-

eral reasons. First, in our MR coil ar-

rangement, the proximal patellar ten-

don courses at less than 30#{176}to the

constant magnetic induction field (Fig

2). Second, the region of increased

signal intensity affects only the poste-

nor part of the tendon, even when
both anterior and posterior portions

of the tendon run parallel to each

other. Third, the area of abnormal
signal intensity extends into the para-

tendinous fat deep to the tendon. Fat

does not have the properties of colla-

gen that are necessary to permit the

magic angle phenomenon to occur

(25). Fourth, the area of abnormal sig-
nal intensity extends from the patellar
insertion to the midtendon despite
changes in the angle of the tendon

relative to the magnetic field. Fifth,
our patients had abnormal signals at
US. We do, however, note the pres-

ence of the magic angle phenomenon
at the tibial insertion of the patella

where the tendon courses at 55#{176}to
the magnetic field in some patients.

These distal regions of abnormal sig-

nal intensity were not included in our
analysis.

Areas of increased signal intensity

at T2’-weighted GRE imaging have
been reported at the proximal and
distal ends of the patellar tendon in

asymptomatic individuals indepen-

dently of magic angle findings (26).
However, the region of abnormal sig-
nal intensity seen at T2’-weighted
GRE imaging in our patients ex-
tended far beyond the patellar attach-
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Figure 6. Histopathologic changes in an 18-year-old man with jump-
er’s knee. (a) Specimen obtained close to the patellar insertion site

shows separation of collagen (hematoxylin-eosin stain; original mag-

nification, x 100). (The intervening spaces can be shown to have an

increased mucoid ground substance by means of alcian blue stain.)

Tenocytes are plumper and more chondroid in appearance. (b) Same
specimen as in a at a higher power (hematoxylin-eosin stain; original

magnification, x200) shows plumper tenocytes with a chondroid ap-
pearance. (c) Specimen from the pathologic region of the tendon shows
a marked increase in cellularity (hematoxylin-eosin stain; original mag-
nification, x200).
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ment site described by Reiff and col-

leagues (26).
We postulate that the larger area

of increased signal intensity on T2’-
weighted GRE images may reflect in-

creased sensitivity to minor damage

in the tendon. If this were the case,
then the T2’-weighted GRE sequence
could prove to be an effective method
for monitoring elite high-risk athletes
(eg, in professional basketball players

during a period of intense training).
In this scenario, asymptomatic tendon
strain detected with T2’-weighted

GRE imaging, might be a precursor to

frank tendon damage. McLoughlin et
al (12) have also noted this phenom-

enon of increased signal intensity on
T2’-weighted GRE images relative to
that seen on T2-weighted fast SE im-

ages and have speculated as to its his-

topathologic importance.
The T2-weighted STIR and fast SE

sequences revealed abnormal signal

intensity in the patella (Figs 3c, 3d) in
most of the patients in this study. It is

not known whether the enthesopathy
of patellar tendinosis causes the pa-
tella itself to contribute to the pain of
jumper’s knee. If it did contribute to
the pain, this would have implica-

tions for management.

Histopathologic Aspects

We reported a definite craniocaudal
(superoinferior) vector in jumper’s
knee with more marked findings at

the proximal (patellar) end of the ten-
don. Because our surgical specimens
were labeled to permit orientation,
we were able to confidently correlate

abnormal histopathologic findings

with US and MR imaging appear-
ances. Measures of the severity of the

condition (ie, abnormality shown
with light microscopy) (Fig 5) and the
amount of abnormal ground sub-
stance between the tenocytes (Fig 6)
point to greater mucoid degeneration

at the patellar insertion that decreases
distally toward the tibia.

Inflammatory cells were totally ab-

sent at the regions of the greatest mu-

coid degeneration (Fig 6) and at the

margins of the specimens, where the
mucoid degeneration was least. Even
in two cases in patients who under-
went surgery after only 4 months of

symptoms, inflammatory cells were

absent. This suggests that the inflam-

matory component in this condition,

if present at any stage, does not per-

sist.

Whether patellar tendinosis results
from poor vascularity of the tendon

insertion (27,28) or from tearing of

collagen and secondary mucoid de-

generation is not known. Histopatho-

logic changes of ongoing reparative
fibrosis, however, are evident in each

case in this study (fibroblastic, myofi-

broblastic, and vascular proliferation),

and this may reflect repeated minor
trauma.

Surgical treatment for jumper’s
knee is recommended only “if a pro-
longed and well-supervised conserva-
tive treatment program fails” (29). A
variety of procedures, differing in the
relative amount of bone surgery in-
volved, have been reported (1,29).
There are no reports of the rationale
for these procedures, but presumably

excision of degenerative, painful tis-
sue is designed to promote healing
(30).

Another treatment of jumper’s knee
in clinical practice is cortisone injec-
tion (31), although some authors dis-
courage its use (29). In this study of
patients in whom conservative man-

agement failed, we could not differ-
entiate tendons that had been in-
jected from those that had not with
either radiologic or histopathologic
tests. In these cases, cortisone did not

permanently affect the tendon or did
not reach the site eventually excised.

Well-designed clinical and basic stud-



Figure 7. Specimen from the area close to the patellar insertion site in

an 18-year-old man with jumper’s knee reveals discontinuity of vascular
proliferation and decreased myofibroblastic proliferation (straight ar-
rows) just before the area of maximal mucoid degeneration (curved ar-
row) (immunoperoxidase stain for smooth muscle actin; original magni-
fication, x40).
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ies of the effect of cortisone injection

in tendon disorders are needed.

In summary, our data reveal that

athletes with severe cases of jumper’s

knee, confirmed by means of US and

MR imaging, clearly have tendinosis.

This tendinosis is not a normal feature

of either aged or young cadaveric pa-

tellar tendons. Because jumper’s knee

has been shown to be patellar tendi-

nosis, we recommend that treatment

protocols address this disease rather

than a supposed inflammatory tendi-

nitis. U
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