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abstract

Patellar dislocation is a relatively 
common injury. Some studies have 
shown less favorable results with 

conservative treatment following an acute 
patellar dislocation.1-4 Recent studies have 
emphasized the importance of the medial 
soft-tissue restraints to patellofemoral 
joint stability and recommend acute repair 
in cases of patellar dislocation when these 
restraints are torn.5-7 Therefore, a method 
to accurately diagnose injuries to these 
structures following acute patellar dislo-
cation would be clinically useful. 

Stability of the patellofemoral joint de-
pends on the interaction of forces acting 

around the patella by the surrounding soft 
tissues. Dislocation of the patella is most 
commonly in the lateral direction. Several 
studies have found that the medial patel-
lofemoral ligament (MPFL) is the major 
soft-tissue restraint of the patellofemoral 
joint1,5,8-10 and the majority of injuries to 
this structure occur at its attachment site 
on the adductor tubercle.5,7,11 Other stud-
ies have found the injury to the MPFL at 
its attachment to the patella.12-14

Various imaging modalities have been 
used to evaluate the soft-tissue restraints 
of the patella with varying results.15-19 
Magnetic resonance imaging (MRI) has 

become a popular method for the evalu-
ation of many knee injuries.17,20-29 Un-
fortunately, limitations exist with the 
use of MRI. Magnetic resonance imag-
ing is contraindicated in patients with 
intracerebral aneurysmal clips, cardiac 
pacemakers, automatic defi brillators, 
and biostimulators. In addition, some pa-
tients cannot remain motionless for the 
time it takes to obtain the study or who 
are claustrophobic. Also, any metal that 
is near the area of interest will produce 
artifact that can make accurate interpre-
tation diffi cult. Questions exist regarding 
the accuracy of MRI in identifying injury 
to these medial stabilizing structures of 
the patellofemoral joint.5,12 
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The medial soft-tissue restraints of the patella, specifi cally the medial patel-
lofemoral ligament and the vastus medialis obliquus muscle, are critical to 
patellofemoral joint stability. A reliable and inexpensive imaging technique 
would be clinically useful especially after acute patellar dislocation. The me-
dial patellofemoral ligament and the vastus medialis obliquus muscle were 
identifi ed in cadaveric dissection. The attachments of the medial patellofem-
oral ligament to the patella and the adductor tubercle, and the attachments 
of the vastus medialis obliquus muscle to the adductor magnus tendon, ad-
ductor tubercle, and patella were carefully observed. Sonography then was 
performed on four thawed fresh frozen cadaver knees. After sonographic 
examination of these structures, the knees were dissected and the structures 
previously identifi ed by sonography were verifi ed. In all four specimens, 
these restraints of the patellofemoral joint were identifi ed by sonography 
based on their imaging characteristics and surrounding bony and soft-tissue 
landmarks. 
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Starok et al18 described their results with 
MRI and sonographic imaging of the nor-
mal patellar retinaculum in cadavers. Their 
sonographic fi ndings of a two-layer me-
dial retinacular structure confl ict with our 
current understanding of the medial-sided 
structures of the knee as initially described 
by Warren et al.30,31 Therefore, sonography 
was used to further characterize the normal 
medial stabilizing structures of the patel-
lofemoral joint in four cadaver specimens 
using dissection for correlation. 

MATERIALS AND METHODS
Five fresh frozen female cadaver knee 

specimens were studied. The average 
age at death of the donors was 76 years 
(range: 67-91 years). This study consisted 
of two parts. In part one of this study, one 
fresh frozen cadaver knee was thawed 
and dissected. All of the signifi cant me-
dial stabilizing structures of the patello-
femoral joint were identifi ed. In part two, 
four fresh frozen knee specimens were 
thawed and imaged with sonography us-
ing sonographic coupling gel followed by 
dissection for confi rmation. Sonography 
was performed by a fellowship-trained 
musculoskeletal radiologist (J.A.J.) with 
experience in musculoskeletal sonogra-
phy using 10 MHz and 12 MHz linear 

transducers (Model HDI 5000; Philips 
ATL, Bothell, Wash).

Part 1
One fresh frozen cadaver knee that was 

free of any known knee injuries was thawed 
and dissected exposing the medial side of 
the knee with the skin and subcutaneous tis-
sue removed. All of the major structures on 
the medial side of the knee were identifi ed 
including the MPFL and its attachment to 
the adductor tubercle and patella; the vastus 
medialis obliquus muscle and its attach-
ment to the adductor tubercle, the adduc-
tor magnus tendon, and the patella; and the 
medial collateral ligament (MCL). All of the 
anatomical bony and soft-tissue landmarks 
were carefully observed and their relation-
ships to each other were noted.

Part 2
Sonography then was performed on 

four thawed fresh frozen cadaver knees on 
the medial side of the knee. The specimens 
were free of any known knee injury. With 
sonography, a normal ligament was identi-
fi ed as a hyperechoic structure with a com-
pact fi brillar echotexture attaching bone to 
bone. A normal tendon was identifi ed with 
sonography as a hyperechoic structure at-
taching muscle to bone with a fi brillar 

echotexture less compact compared to a lig-
ament. Normal musculature was identifi ed 
with sonography as a relatively hypoechoic 
structure with internal thin hyperechoic 
fi broadipose septations. Proper identifi ca-
tion of individual ligaments, tendons, and 
muscles was based on knowledge of the 
normal sonographic appearances of these 
structures and their expected anatomical 
locations. The craniocaudal width of the 
MPFL also was measured at sonography. 

After the identifi cation of the medial 
sided structures, the sonographic study was 
repeated after the knee was injected with 
50 mL of water. Immediately following so-
nography, each cadaver knee was dissected 
and all structures previously identifi ed by 
sonography were examined and verifi ed. 
Photographs were taken of each of the me-
dial sided structures and compared with the 
corresponding sonographic image.

RESULTS
All of the medial stabilizing structures 

of the patellofemoral joint were well visu-
alized in each of our cadaver specimens 
using sonography. 

The structures that comprise the medial 
retinaculum can be divided into three lay-
ers at the level of the patella, each layer ap-
pearing hyperechoic with sonography (Fig-

Figure 1: Sonography of the medial patellar retinaculum before (A) and after (B) 50 mL intra-articular injection of water. Sonography of the medial patellar 
retinaculum demonstrates a three-layer structure. Each layer is hyperechoic and fi brillar in echotexture. The second layer, the MPFL (2), attaches directly to the 
patella (P). Notice how the three layers separate and are more distinct following the injection of water. Abbreviations: 1�deep fascia layer, 2�MPFL, 3�joint 
capsule, F�femur, P�patella, and W�intra-articular water.
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ure 1).30,31 The superfi cial layer is formed 
by the deep or crural fascia of the knee. The 
second layer is comprised of the medial col-
lateral ligament and the MPFL. Anteriorly, 
this layer sends some of its fi bers to join 
with the fi rst layer. The third and deepest 
layer is made up of the true joint capsule to 
which the synovial membrane is fi rmly at-

tached. The medial retinaculum (including 
the MPFL) was identifi ed with sonography 
in the axial plane, which extends from the 
medial margin of the patella to the adduc-
tor tubercle.

The MPFL, the adductor magnus ten-
don, and the MCL all attach to the adduc-
tor tubercle (Figure 2). The MPFL can be 

traced from the adductor tubercle to the 
superomedial border of the patella (Figure 
3A). The thickened second layer of the 
medial retinaculum, which represents the 
MPFL, attaches to the superomedial bor-
der of the patella (Figure 1). Figure 3B is 
a sonographic image following the MPFL 
out medially to its attachment to the ad-
ductor tubercle. In two cadaver knees, the 
MPFL was measured sonographically to 
have a craniocaudal 20-mm width that 
was confi rmed with cadaveric dissection. 
Figure 4 is a sonographic image showing 
the attachments of the adductor magnus 
tendon and MCL to the adductor tubercle. 
To locate the adductor tubercle with so-
nography, the ultrasound transducer was 
placed in a coronal plane along the me-
dial joint line of the knee. Once the MCL 
was identifi ed in the longitudinal plane as 
a distinct hyperechoic and fi brillar struc-
ture, the transducer was moved superiorly. 
At the superior attachment of the MCL, 
the adductor tubercle was identifi ed. The 
surface of bone is hyperechoic with pos-
terior acoustic shadowing. The adductor 
magnus inserted superiorly onto the ad-
ductor tubercle and appeared hypoechoic 
at its muscular portion and hyperechoic at 
its tendinous attachment. The hyperechoic 
MPFL extended to the adductor tubercle 
in the axial plane.

Figure 2: Adductor magnus tendon, MPFL and MCL. The adductor magnus tendon, MPFL, and the MCL 
all attach to the adductor tubercle. The MPFL also attaches to the superomedial border of patella (P). The 
MCL also attaches to the tibia. Abbreviations: MCL�medial collateral ligament, MPFL�medial patello-
femoral ligament, P�patella, and T�tibia.

2

Figure 3: Medial patellofemoral ligament. The MPFL attaches to the superomedial border of the patella and the adductor tubercle (A). Sonographic image of the hypere-
choic and fi brillar MPFL (arrows) attaching to the adductor tubercle (B). Abbreviations: MPFL�medial patellofemoral ligament, P�patella, and W�intra-articular water.

3A 3B
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The medial border of the vastus me-
dialis obliquus muscle blends with the ad-
ductor magnus tendon and travels distally 
where both structures insert onto the ad-
ductor tubercle (Figure 5). As the vastus 
medialis obliquus muscle continues dis-
tally, it blends anteriorly with the MPFL 
before inserting on the superomedial bor-
der of the patella. With sonography, the 
muscular portion of the vastus medialis 
obliquus muscle was hypoechoic while 
the distal tendon was hyperechoic and fi -
brillar in echotexture.

DISCUSSION
The MPFL is the most important medi-

al structure contributing to the stability of 
the patellofemoral joint. Desio et al8 dem-
onstrated that at 20� of knee fl exion, the 
MPFL is the primary restraint for patellar 
dislocation by contributing approximately 
60% of the stabilizing force. Other struc-
tures, including the medial patellomenis-
cal ligament and the lateral retinaculum, 
contribute 13% and 10% of the total re-
straining forces, respectively. 

Conlan et al32 showed that the major 
soft-tissue restraint to the patellar disloca-
tion in a cadaver model was the MPFL, 
which contributed approximately 53% of 

the total stabilizing force. Several other 
studies also demonstrated that the MPFL 
was the major restraining force to lateral 
patellar dislocation.5,9,10,33 In addition, 
Cofi eld and Bryan1 have described the im-
portance of the vastus medialis obliquus 
muscle to patellofemoral joint stability.

Treatment of patellar dislocations in-
volves both operative and nonoperative 
treatment. Nonoperative management 
may yield a high number of unsatisfac-
tory results.1-4 Due to the high incidence 
of treatment failures with conservative 
management, several surgical procedures 
have been designed in an attempt to cor-
rect patellofemoral instability and obtain 
better long-term outcomes.5-7,11,13,34-36 Re-
cent studies have emphasized the impor-
tance of the medial soft-tissue restraints to 
patellofemoral joint stability and recom-
mend acute repair in cases of patellar dis-
location when these restraints are torn.5-7

With disruption of the medial stabiliz-
ing structures of the patellofemoral joint, 
some report that the injury is at the adduc-
tor tubercle5,7,11 while others identify the 
lesion closer to the patellar attachment.12-14 
Knowledge of the exact nature of the in-
jured structures would allow appropriately 
directed reconstructive surgery. Therefore, 

a reliable imaging modality to evaluate in-
jury to these medial stabilizing structures 
would be clinically useful. 

Many methods exists for evaluating 
the stability of the patellofemoral joint 
and include physical examination,37 radio-
graphs,38 computed tomography,39 MRI, 
and sonography.18 In one study of acute 
patellar dislocations, physical examination 
revealed tenderness over the medial soft 
tissues and the adductor tubercle in only 
70% of the cases.7 Evaluation using stress 
plain radiographs can be intolerable to pa-
tients following acute patellar dislocation. 

Magnetic resonance imaging is an use-
ful imaging modality for evaluating knee 
injuries.17,20-29 Magnetic resonance imag-
ing also has been described for the evalua-
tion of the medial retinacular structures of 
the knee.8,18,24 Advantages of MRI include 
its noninvasive property and the clear dem-
onstration of most intra-articular and ex-
tra-articular structures. However, MRI is 
a relatively expensive imaging study and 
some patients have problems obtaining a 
study due to claustrophobia. It also is diffi -
cult to keep children still for a clear image, 
often requiring a general anesthetic. 

In most cases, MRI does not have dy-
namic examination potential. In fact, any 

Figure 4: Adductor magnus tendon and MCL attachment to the adductor tubercle. Sonographic image of the attachment of the adductor magnus tendon and 
MCL to the adductor tubercle (A). The hyperechoic fi bers of the MCL (arrows) are more compact than that of the adductor magnus tendon, and attached distally 
to the tibia (B). Abbreviations: F�femur, MCL�medial collateral ligament, and T�tibia.
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knee movement during the examination will 
result in signifi cant motion artifact and a sub-
optimal study. Also, any nearby hardware 
such as with fi xation of associated fractures 
can create signifi cant metal artifact leading 
to an inadequate study. Magnetic resonance 
imaging also may be contraindicated in pa-
tients with certain metal foreign bodies and 
devices such as pacemakers. 

In addition, some evidence exists to 
suggest that MRI may not be accurate in 
evaluating the medial stabilizing struc-
tures of the patellofemoral joint.5,12 Burks 
et al12 reported that MRI had limited use-
fulness for evaluating injuries to the me-
dial retinaculum in their study. Ahmad et 
al5 reported that MRI was unable to ac-
curately identify injury to the vastus me-
dialis obliquus muscle insertion in 25% of 
their patients due to poor visualization of 
this structure with this imaging modality.

Starok et al18 was the fi rst to describe 
the sonographic appearance of the medial 
retinaculum structures of the knee. They 
described this structure as a distinct, hy-
poechoic, striated structure with a bilami-
nar appearance. However, Warren and 
Marsahll31 divided the medial structures 
of the knee into three layers. Layer I con-
sists of the deep fascia or crural fascia. 
Layer II consists of the superfi cial portion 

of the MCL and the MPFL. The capsule 
of the knee joint makes up layer III. Based 
on the results of our study, sonography 
revealed a hyperechoic trilaminar medial 
retinacular structure (Figure 1). We cor-
related our fi ndings of the three-layered 

structure of the medial retinaculum to the 
initial study of Warren et al that was con-
fi rmed in a later study.30,31

Sonography has been used to image a 
variety of musculoskeletal conditions in-
cluding disorders of the knee.19,40-67 Sonog-
raphy is an inexpensive diagnostic imaging 
modality, especially when compared with 
MRI. Sonography also is safe and nonin-
vasive and a focused examination can be 
completed in a 10-minute visit. In addition, 
sonography has dynamic examination po-
tential, which may be extremely useful in 

assessing patellar tracking in the femoral 
trochlea as the patient fl exes and extends 
the knee, both with and without a laterally 
directed external force to the patella. Dur-
ing sonographic examination, there should 
be no problems with claustrophobia; the 
patient does not need to remain motionless, 
and implanted metallic devices do not pre-
clude sonographic imaging.

An additional advantage with this mo-
dality is that sonography is not limited 
to standard imaging planes. This assists 
sonographic visualization of the medial 
stabilizing structures of the patellofemo-
ral joint given their complex orientations. 
Also, sonography has high resolution 
such that small structures are visualized 
in detail. Unfortunately, sonography is 
operator dependent, making quality con-
trol from study to study with multiple ex-
aminers diffi cult. However, this problem 
can be minimized with proper operator 
training and a thorough understanding of 
the anatomy. In this study, the direct cor-
relation with anatomic dissection greatly 
improved the sonographic skills for iden-
tifi cation of these medial soft-tissue re-
straints to the patellofemoral joint. 

To our knowledge, this is the fi rst study 
to fully characterize the medial soft-tissue 
restraints of the patellofemoral joint us-

Figure 5: Vastus medialis obliquus and adductor magnus tendon attachment to the adductor tubercle. Cadaver dissection of the vastus medialis obliquus blend-
ing medially with the adductor magnus tendon to attach on the adductor tubercle and then continuing distally to insert into the patella (P) (A). Sonographic image 
of the vastus medialis obliquus (arrows) attaching to the adductor tubercle (AD TU). The hypoechoic muscle of the vastus medialis obliquus becomes hyper-
echoic at its distal tendon (B). Abbreviations: AD TU�adductor tubercle, AMT�adductor magnus tendon, P�patella, and VMO�vastus medialis obliquus.

5A 5B

This is the fi rst study to 
fully characterize the medial 
soft-tissue restraints of the 
patellofemoral joint using 
sonography. 
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ing sonography, and the fi rst study to so-
nographically demonstrate the trilaminar 
appearance of the MPFL. In addition, no 
previous sonographic studies exist that 
describe the insertions and attachments 
of the vastus medialis obliquus muscle. 
All key medial structures of the patello-
femoral joint were reliably identifi ed by 
sonography. This technique may provide 
valuable information to the clinician eval-
uating these injuries, especially in cases of 
acute patellar dislocation. This informa-
tion should assist in preoperative planning 
for repair or reconstructive procedures. In 
addition, sonography may provide useful 
information to appropriately manage pa-
tients with chronic patellar dislocations, 
patellar subluxations, or to follow patients 
who are treated conservatively.

Several limitations exist with our study. 
This is a cadaver study with small num-
bers and all of our specimens were elder-
ly. While the age of the cadavers is higher 
than we would anticipate our patient pop-
ulation to be, all of the medial stabilizing 
structures of the patellofemoral joint were 
intact, allowing easy identifi cation and vi-
sualization by both sonography and then 
surgical dissection. All of the cadavers 
were fresh frozen and then thawed, thus, 
the soft tissues were as close to in vivo 
condition as experimentally possible. 

Additionally, only indirect evidence ex-
isted that the medial soft-tissue restraints 
of the patellofemoral joint were accurately 
identifi ed at sonography. However, using 

the various bony and soft-tissue landmarks 
and imaging characteristics, we were con-
fi dent with our sonographic fi ndings. These 
conclusions are supported by the dissection 
results that were carried out immediately 
following the sonographic examination.

It is unknown how useful sonography will 
be in identifying the injured medial stabiliz-
ing structures of the patellofemoral joint in 
vivo. While we expect to consistently locate 
and visualize normal uninjured structures, 
the ability to identify injured structures with 
associated soft-tissue swelling and edema, 
as with acute patellar dislocations, remains 
the clinical challenge.

CONCLUSION
Sonography identifi es the normal sta-

bilizing structures of the patellofemoral 
joint in vitro. Sonography has unlimited 
imaging planes and detailed resolution 
that provides accurate visualization of 
these important medial soft-tissue re-
straints. Further study is needed to deter-
mine the accuracy of sonography in iden-
tifying injury to the medial stabilizing 
structures of the patellofemoral joint fol-
lowing acute patellar dislocation. 
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