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ABSTRACT

Synovial plicae are synovial folds that may be tbas intraarticular structures within the knee jpbiThey are
remnants of incomplete resorption of mesenchyresilié during fetal development. Synovial plicaprékent, are
supposed to be non-pathological and asymptomatieeher if they are exposed to special events liexittrauma
or repeated activities, they may be inflamed andobe fibrosed and rigid and irritates the synoviomthe
underlying femoral condyle resulting in secondargcimanical synovitis and chondromalacia leading teatvis
known as plica syndrome of the knee. Inspite gigadrome is always suspected on clinical basescamdbe
clearly visualized by arthroscopic application,listliagnostic imaging by MRI, CT scan and Sonogsapitay
important role in the evaluation and diagnosistagtpathological condition. The aim of this artidseto provide an
overview of the imaging appearances of synovialagglisyndrome of the knee on ultrasound, magnetimngnce
imaging (MRI) and computerized tomography scan $€an).

Key words: Synovial Plicae Syndrome, Synovial Membranes, Kdemt Embryology, Ultrasound, Magnetic
Resonance Imaging (MRI), Computerized Tomograpln£€T scan).

INTRODUCTION

The term “synovial plicae” is used to indicate epdmic remnants that may be present in the kned [Gi2,3].
Plica is a Latin word meaning "fold". Synovial @ are common folds of synovium that may be cllhica
important [4, 5]. They are common intraarticulaustures within the knee that can become symptanaatd cause
knee pain [6,7,8]. Although normal adult knee joimtsupposed to be formed of a single cavity, threee two
theories concerning the embryological developménhe knee joint in early embryonic life, one thg@roposes
that the knee joint is divided by synovial membiaimdo three compartments, during embryonic devekn these
synovial membranes are supposed to disappear ctatypknd the knee joint becomes single cavity.hiése
synovial membranes did not resorb completely, tindllebe some degree of knee joint septation legdinwhat is
known as Synovial Plicae inside the knee joint. ©tfeer theory says that the space between the fanuitibia is
filled with mesenchymal tissue in early fetal liffyring embryological development multiple cavitiedl develop
inside the mesenchymal tissue, these cavitiesigmeosed to coalesce gradually until they complateiye and the
knee joint becomes single cavity. It is proposeat ihcomplete resorption of mesenchymal tissue faildre of
cavitation lead to plica formation [6,11]. Synovidicae are generally non pathological and asymptamhowever
if they are exposed to special events like repeti@gima or activities, they may become inflamed padful
leading to what is known as plica syndrome of theek Three plicae are commonly found: the supetiermedial,
and the inferior [9]. A fourth, lateral plica isredy seen and there is controversy regarding itste@xce [8] They are
remaining traces of the embryologic knee developrflEh11]. The most commonly encountered plicathefknee
(in descending order) are the infrapatellar plid@amentum mucosum), the suprapatellar plica, ahd t
mediopatellar plica [7,12]. The normal plica isnthpink, and pliable, but sometimes arthroscogists abnormal
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plicae, which are thickened, white, and fibroti8 [14]. Factors leading to these abnormalities ra@na, strenuous
exercise, osteochondritis dissecans, meniscaliéguand other internal derangements of the knegks[3The
thickened fibrotic plica becomes tight and rigidirhing a bowstring over the medial femoral condytel irritates
the synovium of the condyle with repeated kneetjoinpvement, resulting in secondary mechanical syisoas a
consequence this will lead to softening and deggiwer of the articular cartilage and the developmeh
chondromalacia.

Plica syndrome is always suspected on clinical daSgmptomatic plicae may cause considerable i im the
anteromedial aspect of the knee; the pain may bannittent or aggravated by physical activity, areh be
associated with locking, giving way, and clickingthin the joint [17]. Pain is located in the are&dial to the
patellar area above the joint line and in the smgdial patellar area [8,11]. Pain is also aggralte knee joint
flexion and subsides by extension. There will barabteristic popping sound when knee joint is ekehin
combination with internal rotation and medial gtigiof the patella associated with crepitus. A sgediagnostic
test during which the patient holds his knee ireeged position while the examiner tries to flex kinee joint and
push the patella medially, the test will be positif the patient starts to feel pain associatedh wiicking. ‘Taut
articular band reproduces pain’ is a diagnostit teat palpates the medial peripatellar region ltocate the
pathological plical band. Inspite all patients wiptica syndrome appear normal on x-ray examinations
mandatory to do x-ray on standing position antestgrior, lateral and axial views to exclude aribyifractures,
osteochondritis desiccans or any osteophytic dngbagjical bony changes. Computed tomography artapiyy,
though "out of fashion,” enables determination diether or not impingement is occurring, in addititm
visualization of the medial plica [11]. The suptglar and infrapatellar plicae can be seen omdstal
arthrography, but the mediopatellar plica is easilgsed. [3,15] Contrast arthrography and pneurhazgtaphy are
of little use [18]. CT scan examination of plicandyome is limited because of its invasiveness dagt radiation
exposure. With improved technology, the medial plis more easily identified with noninvasive imagin
techniques, specifically magnetic resonance (MRjgimg [7—19]. As a staging tool, magnetic resondmaging
also has good sensitivity (95%) and specificity%j2depending on how far the plicae extending dhtomedial
facet [20]. At MR imaging, synovial plicae can bees as bands of low signal intensity within thehksignal-
intensity joint fluid [8]. MR evaluation of plicaidone by the application of T2 weighted images{znt echo and
fat suppressed)and T1 weighted image, when there enough articular fluid, gadolinium-based costttachnique
can be applied to provide good visualization of ptiea. Although the size and morphologic featunés given
plica seen at MR imaging do not in themselves iadiovhether the plica is clinically significant,nggtomatic
plicae usually appear thickened with synovitis anthetimes cause erosion about the condyle andgrataltilage
[8]. Sonography of the knee is a well-accepted mbatic tool in orthopedics and sports medicine [2hE
application of sonography for the diagnosis of rakplica syndrome was described by Derks et al [22]986, and
verified its accuracy by using arthroscopy. Dynanitcasonography is highly effective at detectibgarmalities of
medial plicae in the knee, and have good sensit(%0%) and specificity (83%) [23]. Dynamic songghng of the
knee allows tissue movement during examinationtaedefore relies not only on different tissue edrogity but
also on tissue adhesion in the dynamic state [24,25
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Figure.l: Illustration of anatomical components of Kneejoint
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Anatomy:
Knee joint is the largest synovial joint in the hambody, it is mainly composed of four bones, twenisaci, six
ligaments, one capsule and one synovial memifigare.1).

The four bones that contribute in the formatiorkioée joint are the femur, tibia, fibula and patellbe distal lateral
and medial femoral condyles articulate with théatibnd the fibular intercondylar fossa articulateth the patella.
The proximal tibia articulates with the proximabdia. Ligaments that contribute in the formatiortted knee joint
are: medial collateral ligament, lateral collatdighment, anterior cruciate ligament, posteriarctate ligament,
meniscofemoral ligament and posterolateral ligamentomplex. There are two menisci in each knew,joiedial

and lateral menisci, they are fibrocartilaginouscures that improve stability of the knee joinansmit the load of
the knee joint and act as shock absorbers. Thaileap§the knee joint is a double layered strucausounds the
knee joint. The outer layer is mainly composedilmus tissue that hold the knee joint firmly itape, the inner
layer is composed of a synovial membrane that ser®ynovial fluid to provide lubrication for theée joint.

There is approximately 0.5 mL of synovial fluid peat in a normal knee joint [26].

Synovial plicae of knee joint have 4 types of malplyy: Infrapatellar, Mediopatellar, Suprapatelerd Lateral

s

[9]1(Figure.2).
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Figure2: Illustration of a cut on theanterior view of the kneejoint with slight flexion to reveal internal structures, displaying superior,
medial, inferior and lateral plicae

The suprapatellar plica (plica synovialis suprapatellaris) is the most owon plica, it is responsible of dividing the
knee joint from the suprapatellar pouch. It hasedént morphological pictures; it may have the shapporta or
tissue plane originating from either the quadriceggelon or the femoral metaphysis passing dirgottye medial
side of the knee joint. In some rare conditionsprapatellar plica may cause suprapatellar burgtis
chondromalacia. According to its morphologic featuZidorn et al [27] classified suprapatellar gidato four
groups(Figure.3)
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Figure3: lllustration showing Zidorn classification of suprapatellar septa

Type |: also called septum completum, in this tilpere is a septum separating the knee joint fragrstiprapatellar
bursa.

Type II: also known as septum perforatum, in tlgjset there are one or more openings of differergssin the
septum that separates the knee joint from the papehar bursa.

Type llI: also known as septum residuale, in thgetthere is a fold, usually located in a medidésseparating the
knee joint from the suprapatellar bursa.

Type IV: also known as septum extinctum, in thipetythe septum that separates the knee joint fraen th
suprapatellar bursa is completely involuted.

The infrapatellar plica (ligamentum mucosum) is synovial fold with a bedhape. It originates from the
intercondylar notch passing anteriorly to be attachn the synovium of the infrapatellar fat padcéing to the
shape of the infrapatellar plica, it can be clésdiinto 5 shapes: vertical septum, fenestratguhrsge, split, or none
of the previously mentioned. Infrapatellar plicahe most commonly seen during arthroscopy.

The mediopatellar plica (also known as the Aoki ledge plica, synovialisefiaris, lino band, plica alaris, synovial
shelf, or patellar meniscus. or lino band), ithe tmost commonly responsible of the plica syndrofies plica
originates in the suprapatellar region passingriofiy and obliquely on the medial aspect of therjoint along
the lateral parapatellar synovium to be insert¢al fine infrapatellar (Hoffa) fat pad.

Sakakibara [28] classified mediopatellar plica® ifttur types based on its appearaftcigure.4)
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Figure4: Illustration of the Sakakibara arthroscopic classification scheme for mediopatellar plicae

Type A is cord-like appearance with thin elevatidrthe synovial wall, under the retinaculum.
Type B is shelf-like appearance, but does not ctheemedial femoral condyle.

Type C is large synovium with shelf-like appearatitd covers the medial femoral condyle.
Type D is fenestrated and have got a double irgerti

Thelateral patellar plicais the least common plica of the knee; indeedséty existence is controversfél Ogata
and Uhthoff® have related the rarity of lateral patellar plioahe lateral subluxation of the patella, thavk=ano
space for the lateral plica to develop.

Embryology:

Two theories have proposed the embryological deweémt of the knee joint and the subsequent formatid
plicae. One theory considers plicae as embryolbgaanants of synovial membranes that divides Koe# into
three compartments; the suprapatellar compartnmetiial and lateral compartments. During embryolalgic
development these synovial membranes begins torbresotil the end of the 16th week of gestation. The
suprapatellar septum is supposed to separate teej&imt cavity from the suprapatellar bursa bydhd of the 4th
fetal month and by the end of Bnonth there will be communication between kneatjand suprapatellar bursa.
Infrapatellar plica is supposed to be formed betwtbe &' and 13' gestation. All synovial plicae are supposed to
completely disappear transforming the knee joitd & single cavity; but sometimes they do not catgby resorb,
in this case the remnants of synovial membranddewst to the formation plicae. The second theapppses that
the space between the distal femur and proximéll tdpiphysis is filled with mesenchymal tissuetha 7th week
of gestation, as embryological development procewrdHtiple cavities will develop in this tissue, tleavitation
process starts at the patellofemoral, femoromehimed meniscotibial regions. During fetal developtehese
cavities are supposed to coalesce gradually urgiend of the tenth week, when they completelyeymit order to
transform the knee joint into a single cavity lineg synovial tissue,but in some conditions, coaase of these
cavities fails to progress and part of mesenchyimalie does not resorb completely, this remnamhegenchymal
tissue will lead to synovial plica formation. Anaaomical study has been done by Jouanin et alffilfid that 11%
of adult knee joints had persistent synovial pljcakile 10% of adult knee joints had no synoviat#l Jouanin et
al [12] found that among 200 cadaveric knees, pdtallar plica is the most common type of synoyiktae,
followed by suprapatellar plica and medial plicassvi@und to be the third most common. He found @%&5% of all
cadaveric knees have infrapatellar plica followgdbb.5% of cadaveric knees have suprapatellar,pdicd 24.5%
of cadaveric knees have medial plica, lateral pligaconsidered rare. On the other hand, a serieg06f
arthroscopies done by Kim and CH8ehas reported that the incidence of medial plicareached up to 72%.

Pathophysiology of Plica syndrome:

Normally synovial plicae may exist inside the kj@eat without any significant pathological symptonis this case
normal plicae appear as thin, soft, flexible, vdadred structures covered in synovium. Plicae hexpathological
and symptomatic only in association with incitingeets, such as acute trauma, repetitive stressyimu sport
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movement, meniscal tears, osteochondritis dissegamsose bodies. Inflammatory process due to thesiting
events will lead to edematous swelling of synoyéita, thickening, scarring, fibrosis and loss désécity.
Thickened, fibrosed plica will become unpliable amidl shap against the femoral condyle. Repeatedament,
continuous irritation and abrasion of the undexyanticular cartilage will lead to erosive chang#sgeneration and
softening of the articular cartilage ending in sedary synovitis or chondromalacia. Sometimes theaphay be
partially or completely torn due to violent twiggiror direct trauma. They can be found in the pafethoral joint
during arthroscopy [31,32]. The medial plica canrésponsible for symptoms of pain, snapping, psdadking,
instability, effusion, and patellar subluxation [38,35]. Medial plica syndrome is common in yourgjple of both
genders, the main complaint being an intermitterit aching pain located in the area medial to thtela area
above the joint line and in the supramedial patedieea [8,11]. Popping is another common compl#iat is
associated with relief of pain [36]. Pain is aggiad by physical activity and may be associatedh Vatalized
tenderness at the inferomedial and border of thalpalocking, giving way, and clicking within theint.

On palpation a thick cord-like structure may be telder the examiners finger with crepitus may &l during
flexion and extension of knee joint. Popping thah de felt by the examiner's fingers may occur betw60° and
45° [36,37].

There is an important diagnostic test known ag ‘&aticular band reproduces pain’ the thick plisahd is felt when
the examiner palpates the medial peripatellar reghmother diagnostic test is the mediopatellacg#i test the knee
will be flexed by force to 90° while keeping manti@ice to the inferomedial part of the patellofealgoint. The
test is positive when pain occurs in extension iButelieved at 90° flexion, it had 90% sensitivipd 89%
specificity.

MR Imaging Features of Synovial Plica:

Medial plica was first studied in detail by lino 1939, but it was not until 1945 that plicae cob&lseen with an
imaging study, the arthrogram [28,31]. The convamdl arthrogram does not depict the medial plicavel as
computed tomography arthrography, which has a tegasensitivity of 95% for detecting medial plice38].
When using axial multiplanar gradient recalled &sitjon in the steady state (MPGR) and T2-weightaeges in
combination, the sensitivity for medial plicae va&0, with 72% specificity [20]. There is a fair aomb of recent
data describing the appearance of plicae with MR demonstrating that MR has comparable sensitiaity
specificity to computed tomography arthrograms ttoee visualization of medial plicae [11,19,20,39)n8vial
plicae appear on MR imaging as bands of low sigrtehsity within the joint fluid which is of highignal-intensity.
For good MR evaluation of synovial plica, T2 weigthtimages of Gradient-echo and fat-suppressionpaottn
density-weighted images are the most valuable. MRragraphy is done with intraarticular gadolinilrased
contrast injection in this technique synovial péda evaluated with T1 weighted and fat suppressixuences.
Contrast agent will provide excellent visualizatwirthe plicae by distending the joint capsule highlighting joint
surfaces. To visualize the suprapatellar plica drl Mis better to be done on sagittal view, it epps as low-signal
band like structure posterior to the patéfagure.5).

Figure5: Sagittal T1-weighted fat-suppressed M R image showing suprapatellar plica

Infrapatellar plica appears on sagittal view of M a low-signhal-intensity band like structure @nteto ACL
(Anterior Cruciate Ligament) and running paraleitt(Figure.6). Due to its location, infrapatellar may be mistake

145



Osama Abdalla Mabrouk Kheiralla Int J Med ResHealth Sci. 2016, 5(8):149

for ACL or focal nodular synovitis. The medial @i@appears as low-intensity band on both T1- andvéighted
images found anterior to the medial condyle offdmaur. It is immediately posterior to the fattyamgular-shaped
alar fold [7,19]. Mediopatellar plica has low sigmatensity on T1 and T2 weighted images, it catiroglly be
visualized through T2 weighted images on axial aadittal planes, T2 weighted images can be donk @it
without fat suppressior{gures.7.8).

Figure.6: Sagittal T2-spin-echo MR image showing infrapatellar plica

-

Figure.7: Axial fat-suppressed, T2-weighted M R image of mediopatellar plica

Figure.8: Sagittal fat-suppressed PD weighted M R image of mediopatellar plica

Sonographic Features of Synovial Plica:

Sonography of the knee is a well-accepted diagntatil in orthopedics and sports medicine [21].K3est al [22]
described the use of sonography for the diagndsisedlial plica syndrome in 1986, he used arthrogdopverify
the accuracy of this method. The sensitivity of agraphy was 92% and the specificity was 73%. Dycami
sonography of the knee allows tissue movement duskamination and therefore relies not only onedéht tissue
echogenicity but also on tissue adhesion in thedya state [25,26]. A study done by tukasz et @] j4 2009, he
found that dynamic sonographic technique providbigh level of sensitivity and specificity in théagnosis of the
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nature of medial plica interaction with the patediad medial femoral condyle. tukasz et al [40] fduhat by
placing the transducer in a transverse positiorr tive anteromedial aspect of the knee joint, thesg@mce of a
medial plica can be defined as a continuous, bikedelcho located directly over the anterior surfatéhe medial
femoral condyle. It should be differentiated fromother anatomic structure in this region, nameby ahar fold,

which is a synovial fold that appears if the medainaculum is relaxed [39]. The features noted.bkasz et al
[40] during the dynamic test included the followir@iterion 1: The presence of a continuous ectuing) over the
medial femoral condyle during medial and lateralveraent of the patella, confirms the presence okdiat plica

but does not determine whether it is a patholomidifig. Criterion 2: The entry of echo under théefia during

medial movement of the patella, helps depict plcetact with the patellar cartilage, the so-calleternal

derangement caused by plica [33,40]. Criteriong@n Br discomfort during dynamic sonography.

CT scan Features of Synovial Plica:

Computed tomography-arthrography, though "out ehian,” enables determination of whether or notilmgpment
is occurring, in addition to visualization of theedial plical*. Invasiveness, and exposure to high dose of iadiat
lead to avoidance of Computed tomography in diaigigosynovial plica syndrome. The suprapatellarglito best
to be seen on double-contrast arthrography on dtexdl view with the knee in full extension. Visaation of
infrapatellar plica is done on the lateral andricoedylar viewgFigure.9).

Figure.9: Ct scan intercondylar view showing infrapatellar plica

To visualize the mediopatellar plica the knee isifiened with the medial side facing upward andssreable
anterior-posterior view is done, it can also baialzed on axial arthrogram with flexion on 30° &@?. Inspite of
that, there is no criteria to differentiate thehmddgical fold from the normal one. Frank Boverakfl] have done a
study on synovial plicae of the knee on computedagraphy in 1983 he found that CT arthrographyésdasiest
way to prove the presence of synovial folds at tinas.

CONCLUSION

Synovial Plica Syndrome of the knee is a pathoklgiondition that occur due to inflammation of #mbryonic
remnants that may be present in the knee jointhodlgh it is always suspected on clinical basesatigtoscopic
visualization remains the golden standard for disgg) Magnetic resonance imaging has been foundeféective

in visualization of synovial plicae and its thiclesseand a good staging tool with 95% sensitivity at2do

specificity, dynamic ultrasonography is very effeetin the detection of synovial plicae abnormatiwith

sensitivity up to 90% and specificity reaches 88dmputerized Tomography with Contrast arthrogramiay help
in determining whether impingement is occurringot, it is of little use, because of invasivenesd bhazards of
radiation. Although all x-rays of plica syndromepapr normal, it is mandatory to do x-ray to excladthritis,

fractures, osteochondritis desiccans or any otkesophytotic or pathological bony changes.
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