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The intercondylar notch of the knee is a relatively small area. However, numerous rare

pathologies can arise in this region. A majority of the existing literature has focused on
the cruciate ligament injuries, yet there are several other entities that can cause knee
pain from within the intercondylar notch. This review focuses on identifying the various
diagnostic and treatment options for rare benign and malignant lesions including
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The intercondylar notch of the knee is an anatomic location
that contains the cruciate ligaments, attachments of the
menisci, and several accessory ligaments. Given the many
structures located within the notch, there are numerous
pathologies that can arise in this area of the knee. Patients
often present with a wide range of symptoms, ranging from
pain to instability to mechanical locking. While the majority
of studies have focused on injuries of the anterior cruciate
ligament (ACL) and posterior cruciate ligament (PCL), there
are several other conditions that can arise in the intercon-
dylar notch that should be considered when evaluating
patients with intra-articular symptoms.’

The purpose of this review is to discuss the various rare
pathologies that have been identified in the intercondylar
notch along with the imaging findings and treatment con-
siderations for these patients. Specifically, we will focus on
ganglion cyst formation, mucoid degeneration, benign pro-
liferative conditions, and malignant lesions arising from the
intercondylar notch.

Anatomy

The intercondylar notch is the distal femoral fossa residing at
the distal end of the femur between the medial and lateral

received

July 6, 2022

accepted after revision
December 16, 2022
accepted manuscript online
December 20, 2022

article published online
February 7, 2023

ganglion cyst formation, mucoid degeneration, benign proliferative conditions, and
intra-articular tumors. These entities are most often diagnosed with advanced imaging
studies and treated arthroscopically. While rare, these pathologies are important to
identify in patients with ongoing vague knee pain.

femoral condyles (=Fig. 1). It begins at the bony margins of
the femoral condyles. The roof of the intercondylar notch can
be radiographically estimated by Blumensaat’s line.? The
floor of the notch is formed by the intercondylar area of
the tibial plateau, which contains the insertions of the
cruciate ligaments. The intercondylar eminence also divides
the floor into anterior and posterior, which house the tibial
insertions of the ACL and PCL, respectively. These encapsu-
lated ligamentous origins and insertions within the inter-
condylar notch produce a labyrinth of synovial invaginations,
which can contribute to various pathologies.

Intercondylar notch width tapers from 23 to 18 mm
proximal to distal, while notch height is typically 13 mm
proximally, peaks at 24 mm midnotch, and ends distally at
18 mm.> These results reveal a notch shape that is narrowest
at its distal opening and widens as it tracks proximally.
Furthermore, the roof of the notch is wider posterior and
tapers anteriorly, creating a trapezoidal shape.? Females tend
to have narrower intercondylar notches, even when control-
ling for height and weight differences.*> A narrower notch
has been correlated with increased risk of osteoarthritis and
ACL injury.®” Notch shape varies as well, ranging from an
inverted U shape to A shape to wave shape.g'9 A-shaped
notches reflect narrower measurements in all dimensions.'®
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Fig.1 Drawing of the distal femur demonstrating the bony anatomy of the intercondylar notch from the (A) anterior view and (B) posterior view.

ACL, anterior cruciate ligament; PCL, posterior cruciate ligament.

While notch shape has been shown to contribute to the
likelihood of cruciate ligament injury, there is not adequate
literature to support whether the development of other rare
pathologies is linked to notch width or shape.

Intraoperatively, various notch landmarks are used to
identify anatomic structures and guide total knee arthro-
plasty and cruciate ligament reconstruction. Whiteside’s line
represents an anterior-posterior line from the posterior
intercondylar notch to the anterior patellar groove, an im-
portant anatomic landmark in total knee replacement align-
ment.""'2 Within the intercondylar notch, there is a cortical
thickening on the lateral wall, known as the bifurcate ridge,
that represents the functional footprint of the ACL, which is
important when planning ACL tunnel placement.'>'

The intercondylar notch has a high incidence of synovial
invaginations due to the nature of the intra-articular cruciate
ligaments. The complex pattern of synovial folding predis-
poses this area to be particularly sensitive to synovitis.'>~"”
Synovial pathologies can manifest as rare tumor pathologies
such as osteochondromata, lipomas, chondromatosis, chon-
dromas, and giant cell tumors.'® 22 Other relevant attach-
ments along the intercondylar notch include the infrapatellar
fat pad, which can be mistaken for the ligamentum mucosum
(infrapatellar plica) and is a specific site for intra-articular
ganglia.”> While the intercondylar notch is relatively small,
numerous pathologies have been identified in this location.

General Imaging

In general, radiographs are the first imaging modality for
patients presenting with knee pain. However, the preferred
noninvasive imaging modality for the intercondylar notch is
magnetic resonance imaging (MRI). MRI of the intercondylar
notch yields the most accurate preoperative measurements
when planning reconstruction and has the highest sensitivi-
ty for identifying rare pathologies.

Ultimately, arthroscopy is the gold standard of diagnostic
imaging for the intercondylar notch; other imaging modali-
ties attempt to replicate the view. The intercondylar notch is
accessed with the patient supine and knee flexed to

90 degrees, where the notch can be viewed from a standard
lateral portal.?® Arthroscopy serves as both the definitive
diagnostic tool for pathology and often surgical treatment
modality of choice.

Ultrasound does not have strong penetration into bony
tissue but does have soft-tissue diagnostic utility. Presently,
it has been used in vivo to measure and monitor cartilage in
osteoarthritis and rheumatoid arthritis.?®=2° While the diag-
nostic utility for ultrasound in intercondylar notch pathology
is limited, it is a notable modality due to the evolving nature
of the field and the acoustic window the intercondylar notch
provides for soft-tissue lesions.

Intra-articular Ganglia

Intra-articular ganglia are relatively rare within the knee and
are often discovered incidentally.3? These ganglia are cystic,
tumorlike structures with a spindle-shaped cell lining on
histology.>%3! Ganglion cysts contain mucin or fluid that can
be serous, yellow and gelatinous, or hematogenous. About 50
to 60% of knee intra-articular ganglia are located in the
intercondylar notch.3%33 These cysts are most often inciden-
tal findings, with a peak incidence of cruciate ganglion cysts
in young to middle-aged adults.3%3*3> Ganglion cysts can
originate from the cruciate ligaments, infrapatellar fat pad,
the menisci, medial plica, popliteus tendon, subchondral
bone, and chondral fractures,34-36-40 Ganglia most common-
ly arise from the cruciate ligaments at their femoral insertion
or on the infrapatellar fat pad.>?>*' Prevalence of intra-
articular ganglion cysts is reported to be around 1.3% in
patients undergoing knee MRI, with 61% of these intra-
articular ganglia occurring in the intercondylar notch.3233.42
Ganglia are typically multilocular and ovoid, but can be
fusiform, with size ranging from 5 up to 73 mm, averaging
from 23 to 31 mm.>>3%42 Size is relevant as it was found that
ganglia of the ACL and anterior menisci of >20 mm can cause
articular cartilage damage.3® Intra-articular ganglia and
mucoid degeneration are often concomitant findings in
adults.*?*3 Other associated lesions and complications in-
clude bone erosion, tissue dissection, meniscal lesions,
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Fig. 2 Intra-articular ganglion cyst. A 28-year-old woman with chronic left knee pain. She described deep, sharp pain with intermittent
effusions. She had tried two corticosteroid injections and multiple rounds of physical therapy prior to presentation. On examination, she had
mild effusion and range of motion from 0 to 105 degrees. MRl revealed intra-articular ganglion in the anterior aspect of the knee, consistent with
ACL ganglion. (A) Axial MRI image demonstrating cyst within the notch. (B) Sagittal MRl illustrating cyst within the notch.

chondromalacia, and synovitis.3®** The pathogenesis of
ganglion cysts is debated with a plurality of theories, al-
though previous trauma is reported in 38 to 67% of symp-
tomatic intra-articular ganglia.*’-%

In general, intra-articular ganglia are asymptomatic
(89%); if symptomatic, the most common complaint is
pain. 36414246 symptoms can include medial/lateral joint
line pain and tenderness, retropatellar pain, mechanical
block, crepitus, and effusion. Symptoms typically correlate
with the size and location of the ganglia.323347-0 pain
with deep knee flexion and absence of joint instability are

common unique ﬁr1dings.3'3’38'42’49'50 Given the wide
range of symptoms and examination findings, imaging is
often required for diagnosis of intra-articular ganglion
cysts.

MRI findings with arthroscopic confirmation is the gold
standard diagnosis for intra-articular ganglia®’ (~Figs. 2
and 3). The cyst’s signal intensity parallels water with a
homogenously low signal intensity on T1-weighted spin echo
images and high signal intensity on proton density-weighted
fat-saturated fast spin echo or short tau inversion recovery
(STIR) images.”> Further, cysts have a homogeneous

Fig. 3 Parameniscal cyst extending into notch. A 48-year-old woman presented with a 4-month history of knee pain. She described a pain deep
in the knee with associated limited range of motion. She noted one episode of mechanical locking. Pain was worse with stairs, squatting,
and running. She denied previous knee surgery and had a remote history of patellar dislocation. On examination, she had a mild effusion,
range of motion from 5 to 90 degrees, positive McMurray’s test, and medial joint line tenderness. MRI revealed tear of the posterior horn of
the medial meniscus and associated parameniscal cyst extending into the notch. (A) Coronal STIR image showing cyst occupying notch.

(B) Sagittal STIR image with cyst extending into posterior aspect of the knee.
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Fig.4 Intra-articular ganglion cyst arthroscopic treatment. (A) Large ganglion cyst at the base of the ACL insertion measuring ~1.5 cmin size.
(B) Cyst removed using a shaver; once removed, coblation used for hemostasis. Patient reported 95% improvement in pain at 12-week
follow-up visit. (C) Large parameniscal cyst extending from the medial meniscus root along posterior cruciate ligament into the notch between
the ACL and PCL. (D) The cyst was debrided with a shaver without disrupting the underlying ACL or PCL.

hyperintense signal compared with skeletal muscle on T2-
weighted images.>’ T1-weighted MRI may make it difficult to
differentiate ACL cysts from ACL tears; thus, it is recom-
mended that T2-weighted MRI be used, as the cyst will have
contrast against an intact ACL.3? Further, contrast-enhanced
MRI is usually not required for diagnosis, but can be a useful
tool in differentiating infrapatellar fat pad ganglia from
synovial hemangiomas and synovial sarcomas.3> The differ-
ential diagnosis to consider with intra-articular cysts
includes synovial chondromatosis, synovial hemangioma,
synovial sarcoma, synovial proliferation, lipoma, fibroma,
myxoma, pigmented villonodular synovitis, intra-articularly
dissecting meniscal cyst, intra-articular ganglion cyst, he-
matoma, aneurysm, and infrapatellar bursae.?0-33:36.53.54
Treatment of symptomatic intra-articular ganglion cysts
typically involves arthroscopic resection. Resection is the
gold standard of treatment, given the high recurrence rate
with retained tissue*®>> (~Fig. 4). Arthroscopic treatment
via whole resection and piecemeal resection showed excel-
lent improvement of symptoms and function at 2 weeks and
6 months of follow-up in a study of 38 patients.*' Several
other studies reported majority excellent results following
arthroscopic resection for isolated ganglion cysts. Results
were less reliable if there were concomitant injuries.3*°6->7
Duration of symptoms is an important consideration when
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discussing treatment options with patients. Earlier diagnosis
and arthroscopic debridement is associated with improved
results compared with delayed diagnosis, which often makes
resection more difficult.>®

Mucoid Degeneration

Mucoid degeneration of the ACL has been identified as a rare
cause of knee pain.59 On the basis of a review of 4,221 MRIs,
Bergin et al found the incidence of mucoid degeneration to be
approximately 1.8%.*2 Mucoid degeneration of the ACL has
been found most commonly in middle-aged patients pre-
senting with posterior knee pain and restricted flexion of the
knee, without evidence of ligamentous instability. Typically,
there is no history of trauma to the knee or involvement in
sports provoking injury in these patients.”’®%®1 Mucoid
degeneration is diagnosed using a combination of MRI,
histopathology, and arthroscopy. Interestingly, in one study,
investigators reviewed 10 MRIs in which radiologists diag-
nosed an ACL tear but arthroscopically the ligament was
intact and showed evidence of mucoid degeneration. The
authors concluded that mucoid degeneration should be
considered if the ACL appears thickened and ill-defined on
MRI®? (~Fig. 5). Arthroscopically, in the case of mucoid
degeneration, the ACL appears bulbous, hypertrophied,
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Fig. 5 Mucoid degeneration of ACL. (A) MRI demonstrates parameniscal cyst and mucoid degeneration of the ACL seen on sagittal image with
thickening of the ACL and increased signal. (B) Associated large posterior cyst that abuts the posterior femoral condyle and femur.

and taut. A yellowish mass is often identified near the
femoral insertion, occupying the notch and impinging the
PCLin flexion, which is consistent with physical examination
findings of restricted flexion.®!

Several treatment options have been described for mucoid
degeneration; the most common consists of arthroscopic
debridement of the mucoid tissue resulting in partial resection
of the ACL. This decreases the volume and tension of the
ligament, providing significant pain relief in these patients
while maintaining st::lbility.so’61 Similarly, a circular volume
reduction plasty of the ACL has been described using a radio-
frequency ablation probe to circumferentially reduce the size
of the ACL while leaving the intraligamentous mucoid tissue
intact.%3 Complete excision of the ACL and notchplasty have
also been performed, but neither appears necessary for satis-
factory results.®%-64-%6 In young, active patients with ongoing
instability and findings of ACL laxity, ACL reconstruction may
be considered to restore knee stability.®®

Benign Tumors and Tumorlike Lesions

A variety of tumors and tumorlike lesions have been de-
scribed in the intercondylar notch. Most commonly these
lesions involve the synovium and cruciate ligaments.! The
majority of proliferative disorders in the knee are benign.
Primary synovial chondromatosis (PSC) is a monoarticular
disease characterized by soft-tissue masses. In the knee,
there is usually diffuse involvement, although isolated in-
volvement of the intercondylar notch has been described.®’
When diffuse, the disease typically takes the path of least
resistance extending into the intercondylar notch and pos-
teriorly behind the proximal tibia." Imaging will typically
demonstrate soft-tissue swelling on plain radiographs and
evidence of chondral calcification with advanced imaging.®’
The appearance of chondral calcification is variable on

imaging; one may see “dot and comma” or “popcornlike”
calcifications.! Often, the extent of synovial disease is under-
estimated on radiographs. Treatment of PSC focuses on
arthroscopic or open loose body removal for symptomatic
relief and to prevent further joint degeneration.®

Another benign condition that can arise in the notch is
tenosynovial giant cell tumor (TSGCT), which is a prolifer-
ative disorder of the synovium. It can affect many joints, with
the diffuse form (also known as pigmented villonodular
synovitis) most prevalent in the knee.! Localized disease
typically involves the hand and wrists, although rare focal
involvement of the knee has been identified. Patients with
intra-articular involvement of the knee often present with
pain, recurrent knee effusions, mechanical block to motion,
and even instability.”® Radiographs may be normal given
preserved joint space and lack of calcification. MRI appear-
ance is variable: in the focal form, a pedunculated soft-tissue
mass may be seen with signal enhancement on T2 and STIR
sequences' (~Fig. 6). Intraoperatively, these lesions are
characterized by a nodular appearance with a brown/yellow
color from hemosiderin deposits. Treatment for localized
TSGCT typically includes open or arthroscopic synovectomy
(~Fig.7) with very high rates of recurrence.®® Involvement of
the intercondylar notch is very rare.

Intracapsular and para-articular chondromas are benign
tumors arising from the cartilaginous metaplasia of the joint
capsule or surrounding tissue. In the knee, lesions are often
found in the infrapatellar fat pad and rarely the intercondylar
notch.”%”" Radiographically, these are soft-tissue masses
with varying degrees of chondral calcification. These lesions
can be large and histologically appear similar to malignant
processes, with hypercellularity and mild atypia. Treatment
for these lesions includes marginal resection; therefore, it is
important to distinguish para-articular chondromas from
chondrosarcomas.”%”3
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Fig. 6 TSGCT case example. A 23-year-old woman who presented with worsening right knee pain after episode of deep flexion. She has had
intermittent mechanical symptoms and effusions for many years. On examination, there was a large effusion and range of motion
from 0 to 115 degrees. MRI demonstrated a significant effusion with an associated large pedunculated soft-tissue mass in the anterior

compartment seen on (A) sagittal and (B) coronal STIR images.

Fig. 7 Arthroscopic treatment of TSGCT. (A) Extensive synovitis with thin layer of erythema diffused throughout the joint. (B) Loose body
with the appearance of a localized pigmented villonodular synovitis lesion seen within anterior aspect of the intercondylar notch. (C) The
lesion was separated from the synovium and removed in its entirety, measuring ~2 cm in length.

Malignant Lesions in the Intercondylar
Notch

With regard to malignant lesions, primary intra-articular
tumors are very rare. Typically, malignancies occurring intra-
articularly in the knee are the result of secondary invasion
from surrounding sarcoma. Synovial sarcomas, despite their
name, have no relation to synovial tissue, with less than 10%
arising from synovial tissue.”4~7® They typically occur in the
extremities, with more than 25% of synovial sarcomas occur-
ring around the knee and 5 to 10% having intra-articular
involvement. Often, there are large cystic components,
which can be mistaken for benign cystic lesions such as
ganglion cysts. Histologically, two cell types are often iden-
tified in these lesions: spindle cells and epithelial cells.
Unfortunately, these tumors are very aggressive and treat-
ment often includes wide resection with adjuvant radiother-
apy and/or chemotherapy.’’

The Journal of Knee Surgery  Vol. 37 No. 2/2024 © 2023. Thieme. All rights reserved.

Synovial chondrosarcoma can present as a primary ma-
lignancy or result from malignant transformation of diffuse
PSC to a low-grade chondrosarcoma. This should be consid-
ered if there is rapid recurrence of PSC after synovectomy.’®
Synovial chondrosarcoma occurs typically in middle-aged
patients, with males more commonly affected than females.
Evidence of permeation of the cartilage into the surrounding
bone is a characteristic feature seen on imaging and histolo-
gy.”° Distal metastasis to the lungs is common and should be
considered when diagnosis has been made.! Treatment is
similar to that for synovial sarcoma, with wide resection
being the primary intervention.

Synovial metastasis is an extremely rare condition. Lung
cancer is the most common malignancy to metastasize to
synovial tissue, with the knee most commonly affected.°
Although malignancy is low on the differential for intercon-
dylar notch pathology, it should be considered when there
are more aggressive features seen on imaging or there is
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rapid clinical progression of symptoms since the outcomes
can be devastating for patients.

Discussion

Due to their subtle and ambiguous nature, these rare inter-
condylar notch pathologies can often be missed or misdiag-
nosed, leading to delays in treatment and overall worse
prognosis for patients. This review was intended to shed
light on these rare entities and highlight the primary work-
up and treatment of these lesions.

Diagnosis of these lesions typically begins with imaging
since symptomatology is often vague. While radiographs are
the initial imaging modality for both acute and chronic knee
pain and injuries, MRI is the preferred noninvasive imaging
modality of the intercondylar notch. Arthroscopy serves as
the gold standard for diagnosis and treatment option for
these pathologies.

Treatment options for these rare intercondylar notch
pathologies follow similar recommendations. Malignant po-
tential, functional compromise, and pain are primary rea-
sons for operative intervention. Cysts and tumorlike lesions
are typically treated with arthroscopic or open resection,
sometimes requiring synovectomy.

Summary

Although the intercondylar notch is relatively small, there
are numerous etiologies arising from this region with vary-
ing presentations. The majority of reports to date focus on
the more common injuries involving the cruciate ligaments,
with limited studies of the rare pathologies discussed. It is
important that surgeons are aware of these benign and
malignant lesions to accurately diagnose and treat their
patients. Additional studies are needed to determine the
best treatment algorithms and work-up for patients present-
ing with vague intra-articular knee pain.
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