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gy can be either intra or extra articular in location. Uncommon causes of anterior knee pain
can include aneurysmal bone cyst, pigmented
villonodular synovitis, quadriceps tendon cyst,
or bone tumors.8-14
We present two unusual causes of anterior
knee pain in two different elite female athletes. Their clinical presentation, radiographs,
intraoperative pictures, and management will
be discussed. Both patients have been
informed that their case will be published and
have provided us with consent.

Case Report #1
Abstract
Two elite female athletes presented with
anterior knee pain with range of motion and
reproducible tenderness to palpation.
Diagnostic arthroscopy was performed in both
cases resulting in excision of a nodular pigmented villonodular synovitis (PVNS) in the
first patient and scar tissue in the second
patient. Correct diagnosis of anterior knee
pain in the elite female athlete can present a
challenge to clinicians. Although patellofemoral pain is the most common diagnosis,
other uncommon causes include PVNS and
residual scar formation in patients with a history of surgery or trauma. Magnetic resonance
imaging (MRI) images are helpful in confirming the diagnosis, however, in a subset of
patients, the physician must rely on clinical
suspicion and physical exam to make the proper diagnosis. Given the possibility of a false
negative MRI images, patients with persistent
anterior knee pain with a history of knee surgeries and focal tenderness reproducible on
physical exam may benefit from a diagnostic
arthroscopy.

Introduction
Anterior knee pain is a common clinical
entity which is more common in females and
constitutes up to 25% of knee injuries and 5%
of all injuries seen in a British sports medicine
clinic.1-4 With the increase in female participation in sports at both the recreational and competitive levels, there has been an increase in
the incidence of female athletes presenting to
the clinic with knee pain and disability.5,6 Both
acute and chronic anterior knee pain result
from abnormality in multiple structures,
including the patella or quadriceps tendon,
patellofemoral or tibiofemoral joint, capsule,
anterior fat pad, synovial tissue, cartilage, subcondral bone, or meniscus.7 Pain and patholo-

A 45 year-old elite female runner developed
acute anterolateral left knee pain and popping
at mile 17 during a marathon. The patient
reported a painful pop in her knee with extension. Pain was reported up to 10 out 10 with
walking and running but relieved with rest.
Past medical history, surgical history and
review of systems were noncontributory. On
physical exam, the patient walked with an
antalgic gait. There was a visible pop on the
anterolateral aspect of her patellar tendon with
acute knee extension, focal tenderness to
manual palpation of the anterolateral aspect of
the fat pad and minimal knee joint effusion. A
firm nodule could be manipulated, which was
tender to palpation while the knee was in full
extension. Exam was otherwise negative. An
magnetic resonance imaging (MRI) was
obtained and showed a well-defined intermediate to low signal intensity soft tissue nodule in
the deep proximal lateral border of the infrapatellar fat pad measuring 1.3 cm by 0.9 cm.
This nodule was adjacent to the inferior lateral
margin of the patella, in close proximity to the
anterior margin of the lateral femoral trochlea
(Figure 1).
The patient was brought to the operating
room for arthroscopic biopsy and excision. An
anteromedial portal was used as the viewing
portal given the location of the nodule. The
medial compartment was first evaluated and
showed an intact meniscus and normal articular surface. The lateral compartment showed a
well-circumscribed encapsulated nodule visible at the proximal lateral aspect of the patella
fat pad (Figure 2). A distal lateral portal was
created with the assistance of an 18-gauge
spine needle to avoid penetrating the nodule.
The nodule was carefully removed in one complete segment with an Arthrocare (ArthroCare,
Austin, TX, USA) while avoiding any damage to
its overlying capsule and sent to pathology
(Figure 3). Additional debridement of the fat
pad at the base of the nodule was performed to
ensure that no residual tissue was left behind.
Pathology report was consistent with the nodular form of Pigmented Villonodular Synovitis
[Orthopedic Reviews 2016; 8:6291]
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(PVNS) and described a well-circumscribed
tan nodule with rusty-orange pigmentation
measuring approximately 1.5 cm in the greatest dimension. The nodule was composed of
mononuclear cells with discreet eosinophilic
cytoplasm and round nucleus with interspersed multi-nucleated giant cells, small collections of foamy macrophages and hemosiderin deposits.
The patient was seen in clinic two weeks
postoperatively with full range of motion with
elimination of the pre-operative pop during
extension. At the three months postoperative
visit, the patient had resolution of her knee
pain and returned to early training in preparation for a half marathon.

Case Report #2
A 22 year-old elite female cyclist presented
with a 5-year history of anteromedial knee
pain and a painful pop with flexion. She had
significant pain with activities including walking, running or cycling, which was relieved
with rest. Of note, she also had difficulty squatting or performing lunges. Prior surgical history was significant for a lateral release and a
plica excision five years ago at an outside
institution, complicated by a postoperative
hematoma and Staphylococcus aureus infection necessitating subsequent arthroscopic
[page 33]
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debridement and washout. The patient was
treated with eight weeks of IV vancomycin
with a PICC line. She experienced continued
knee pain and underwent a third arthroscopic
surgery four months later for medial plica excision, revision lateral release, and debridement
of an osteochondral lesion of the articular
undersurface of the patella with closed manipulation and scar tissue release. The patient did
not obtain complete relief from her third surgery and continued to have persistent pain
with cycling. She was evaluated by three independent Orthopedic surgeons and had three
knee MRIs within a three-year time span,

which were all read as normal by the radiologist. She was diagnosed with patellofemoral
syndrome with physical therapy as the treatment, which the patient was not able to tolerate. On examination, she had localized medial
joint line tenderness. A pop was noted as the
knee was ranged from 20 to 30 degrees of flexion originating from the medial joint line. A
fourth knee MRI was obtained and showed no
sign of a loose body, meniscal tear or ligamentous injury, which was also read as normal by
the radiologist. Despite a negative MRI, the
patient was offered a diagnostic knee
arthroscopy and elected to proceed. The

patient was brought to the operating room and
given regional spinal anesthesia. The anterolateral portal was made without difficulty, however, on first attempt, a mass prevented entry
of the trocar into the antromedial portal. Upon
entry at second attempt, a large well-formed
band of tissue was visualized extending from
the medial capsule onto the anterior horn of
the medial meniscus (Figure 4). The knee was
ranged in the operating room and the scar
band was tethered on the anterior horn of the
medial meniscus and also rubbed on the medial femoral condyle during knee flexion
between 20 to 30 degrees of motion. The scar
band was subsequently excised with a shaver
and Arthrocare (ArthroCare, USA).
The patient was started on a CPM machine
three days postoperatively for gentle range of
motion as tolerated. Formal physical therapy
was avoided for four weeks to prevent scar tissue reformation and bleeding. At 10 weeks
postoperatively, the patient had full range of
motion and mild portal tenderness without
scarring. At three months postoperatively, the
patient had no portal tenderness or pain while
walking. At nine months postoperatively, the
patient had regained most quad strength with
minimal knee pain. She was able to return to
normal activity and training for competitive
cycling without any limitations.

Discussion
Figure 1. Magnetic resonance imaging in the axial (A) and sagittal (B) plane demonstrating the low signal nodule on the T1 weighted images. It is well circumscribed and adjacent to the patella tendon. The size was 1.3×0.9 cm.

Figure 2. Intraoperative arthroscopy picture looking from the
superomedial portal. Blue star indicates the resected nodule,
adjacent to the inferior lateral edge of the patella.
[page 34]

Anterior knee pain is a broad term used to
characterize a number of different but related

Figure 3. Intraoperative picture of the pigmented villonodular
synovitis nodule after arthroscopic excision, with surrounding
grossly normal fat.
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pathologic processes whose causes can be elusive.15 Sources of anterior knee pain include
major anatomic structures: subchondral bone,
synovium, retinaculum, skin, muscle, nerve,
tendon and fat pad. In orthopedic sports medicine, anterior knee pain most commonly
results from overuse, patellofemoral malalignment, and trauma.16 Less common etiology
includes pain related to bone or soft tissue
tumor including aneurysmal bone cyst, giant
cell tumor, chondroblastoma, osteosarcoma,
cysts, or PVNS.8,9,11-13,17-19 Pain due to tumor
mass effect may be due to the irritated nociceptive nerve fibers secondary to direct compression or repetitive microtrauma.20 Given
the broad spectrum of clinical presentations
and differentials, making the correct diagnosis
in female athletes presenting with anterior
knee pain can be challenging and requires
specific knowledge of the anatomy, biomechanics, and functional behavior of the knee.21
A careful history is the first step in identifying
the cause. The two patients presented here
complained of activity-related pain, relieved
with rest that was reproducible with certain
range of motion. Post et al.15 created a useful
approach to diagnosing, examining, and treating anterior knee pain based on the type of the
pain. Activity-related pain has the following
possible causes: soft-tissue overload without
patellar malalignment (e.g., patellar tendinitis,
quadriceps tendinitis, pathologic plica syndrome, fat pad syndrome, ITB syndrome, early
patellar compression syndrome), articular tissue overload (e.g., posttraumatic chondromalacia or arthrosis, degenerative arthrosis from

chronic malalignment), inflammatory arthritides, or systemic disease. On physical exam,
soft-tissue overload produces focal tenderness
over the involved structure reproducing the
patient’s symptom. Focal tenderness was also
present in both of our patients, which indicates a pain relating to a possible mass or
structural effect. Furthermore, a specific knee
range of motion in both patients reproduced
the pain, which confirms that the pain was
likely due to the focal irritation from a mass or
scar tissue.
Villous inflammatory nodular neoplasms of
the synovial membrane was originally
described in the 19th century in various different terms such as xnathoma, histiocytic giant
cell tumor, hemorrhagic villous arthritis and
xanthomatous giant cell tumor. The term PVNS
was coined by Jaffe et al.22 in 1941 and used to
describe a lesion in the synovial membrane or
tendon sheath that comprises of fibrous stroma, hemosiderin deposition, histiocytic infiltrate and giant cells. It is an uncommon disease that is characterized by hyperplastic synovium, joint effusions, and bone erosions.
There are two distinct forms of PVNS that can
be characterized as either generalized or localized.12 A third mixed form comprises of both
localized and generalized features has also
been described. The localized form can be further subdivided into either extra-articular or
intra-articular, with the latter being extremely
rare and occurs in less than 1.8/1,000,000 people.5 The etiology of PVNS has been debated in
the literature, with the most popular belief that
it is an inflammatory synovial reaction.22,23

Figure 4. Intraoperative arthroscopy picture viewing from the
anterolateral portal demonstrating a well formed fibrous tissue
band attached from the medial capsule to the anterior horn of the
medial meniscus. This structure was tethering over the medial
femoral condyle in 20 to 30 degrees of knee flexion.

However, some authors also report evidence
that it is a benign neoplastic process.13 Given
the insidious onset and non-specific symptoms
with subtle radiographic findings, an average
of two to four years has been reported to make
the correct diagnosis after initial presentation.
The most common misdiagnoses are
patellofemoral syndrome and meniscal
lesion.27 In the first patient, the correct diagnosis was made within one year from the onset of
symptoms. Presentation was similar to the
cases reported by Asik et al.17 where 4 cases of
localized PVNS presented with a palpable
mass, where restriction of motion and locking
or popping sensation in the knee. Other differential diagnosis in patients presenting with
the above symptoms should also include loose
body, ganglion cyst, meniscal pathology, and
synovial sarcoma.
MRI imaging can be an effective clinical tool
to evaluate patients with PVNS. It can characterize the location, size, and quality of the
lesions (localized vs. diffused). Barile et al.28
reviewed MRI images of 52 patients with PVNS
and reported that low to intermediate signal
intensity was seen in all sequences in the
nodular structure. However, MRI was not able
to differentiate between the different forms of
PVNS, but one common feature is the hemosiderin in the nodules is always seen as low
signal intensity on T2 weighted images.
Common pathologic features of nodular PVNS
include proliferation of the synovial tissue
with varying amount of hemosiderin deposition. The pathology of the nodule in our patient
was classic for PVNS which included mononu-

Figure 5. Magnetic resonance image in axial plane T1 weighted
demonstrating the well-formed band of fibrous tissue (blue
arrow) arising from the medial capsule around the femoral
condyle to the anterior horn of the medial meniscus.
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clear cells with discreet eosinophilic cytoplasm
and round nucleus with interspersed multinucleated giant cells, small collections of
foamy macrophages and hemosiderin
deposits.17,27,29 Furthermore, the nodule was
located in the lateral aspect of the patella fat
pad. Other reported locations in the knee
include popliteal fossa, behind the medial
plica,31 near the anterior horn of the menisci,32
and on the sheath of the anterior cruciate ligament.10 The essential step in the treatment of
the nodular PVNS is excision. Typically this is
performed arthroscopically, but with open excision with arthrotomy can be utilized for severe
diffuse cases. The recurrence rate after resection of the nodular form is much lower than
the diffuse form of PVNS with improved longterm outcomes in the nodular form after surgical treatment.
The second case was less clear-cut. The key
aspect in this patient’s case is her history of
multiple surgical procedures on the knee.
Although her anterior knee pain was activityrelated, there were other confounding factors
that should prompt the search for other etiologies. Predisposing factors for scar formation
include a history of extensive intra-articular
procedures, sepsis, prolonged postoperative
immobilization, or poor rehabilitation.34
Inflammatory cytokines such as plateletderived growth factor and transforming growth
factor-beta 1 are produced by the inflamed synovium and promote the proliferation of matrix
proteins, the inhibition of proteolytic enzymes,
and the production of collagen. These
cytokines have been found in intra-articular
scar tissue and in the synovial fluid of patients
with joint trauma.35-38 Furthermore, injury to
the infrapatellar fat pad releases vascular
endothelial growth factor and may lead to vascular ingrowth and scarring.39 Immunohistological studies on arthrofibrosis have linked
T-cell mediated immune response with fibrotic
scar tissue formation.40 Matthews et al.41 also
reported dense scar tissue formation on the
medial side of the knee after transection of the
anterior cruciate ligament in an animal model.
Histology and mRNA analysis of the scar tissue
demonstrates that it resembled the skin scar
and epiligament of the MCL.
In a retrospective study, Discepola et al.42
sought to determine whether MRI can be used
to predict if a patient has had prior knee
arthroscopy by identifying fibrosis or scaring
of the following structures violated during the
procedure: medial patellar retinaculum, lateral
and deep aspect of Hoffa’s fat pad, lateral patellar retinaculum, and medial and deep aspect of
Hoffa’s fat pad (space between the infrapatellar fat pad and patellar tendon anteriorly, and
the anterior border of the tibia and transverse
meniscal ligament posteriorly).39 Fibrosis was
defined as the presence of low signal intensity
in all sequences in the area of interest, and it

[page 36]

was most easily identifiable in non-fat-suppressed sagittal and coronal T1-weighted
images. The authors found that fibrosis within
the medial patellar retinaculum was the best
predictor of prior knee arthroscopy with a sensitivity and specificity of 82% and 72%, respectively. Another area of fibrosis often implicated
in refractory anterior knee pain after knee
arthroscopy is the anterior interval (Hoffa’s fat
pad). Hemorrhage or inflammation of this
interval from trauma or previous surgery can
cause fibrosis in this space and is known as
Hoffa syndrome.43 Stretching of the surrounding synovial tissue from a fibrous band or tissue between the fat pad and transverse ligament can cause anterior knee pain or loss of
knee extension.39 Scarring in this region is
characterized by low signal changes on both
T1- and T2-weighted images. Although our
patient presented with a large well-differentiated fibrotic band of tissue (Figure 4) in this
region, there may also be a component of anterior interval scarring, which is a clinically significant entity in patients with refractory anterior knee pain. It would be essential to ask an
experienced radiologist to comment on the
presence or absence of marked postoperative
fibrosis or residual scar tissue in the Hoffa’s
fat pad.42 This is especially important in a
patient presenting with continued pain and
history of previous surgical intervention.
Furthermore, Discepola et al.42 have shown
that fibrosis of the medial patellar retinaculum
as well as other regions disturbed from knee
arthroscopy can be reliably detected on MRI. In
hindsight one axial MRI image (Figure 5)
demonstrated the well formed fibrotic band of
tissue extending from the medial retinaculum
over the femoral condyle.

Conclusions
Correct diagnosis of anterior knee pain in
the elite female athlete can present a challenge to both the primary care physician and
orthopedic surgeon. Although patellofemoral
pain is the most common diagnosis, other
uncommon causes in the differential should
include PVNS and residual scar formation in
patients with a history of prior surgery or trauma. MRI images are helpful in confirming the
diagnosis, however, in a subset of patients, the
physician must rely on clinical suspicion and
physical exam to make the proper diagnosis.
Given the possibility of a false negative MRI
images,44 patients with persistent anterior
knee pain with a previous history of knee surgeries and focal tenderness reproducible on
physical exam may benefit from a diagnostic
arthroscopy.
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