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INTRODUCTION

ABSTRACT

Objective: Synovial plicae are mesenchymal tissue remnants invaginating into the knee
joint. Their classification is based on the location as lateral, mediopatellar, suprapatellar,
and infrapatellar. Mediopatellar plica is commonly symptomatic. The purpose of this
study was to identify magnetic resonance (MR) characteristics of the medial plica
and to correlate with arthroscopy for cause confirmation in patients with painful knee.
Materials and Methods: The current study was undertaken over a 2-year period between
July 2017 and June 2019 in the department of radiology at a tertiary care hospital in
India. MR examinations of the knee joint were performed using QUADKNEE coil on a
1.5-T scanner (Signa, General Electric Medical Systems, Milwaukee, WI, USA). The
criteria studied were: presence of the plica, interposition into the femoropatellar joint,
intraarticular effusion, and fenestrated aspect. Twenty-two knees (20 patients) diagnosed
with mediopatellar plica syndrome on MR imaging (MRI), and with no other knee
pathology, were treated with arthroscopic division of plicae. Results: Only two (20.0%)
of the ten knees in which the plicae had not been divided have shown improvement and
six (85.7%) of the seven knees in which plica had been divided (P < 0.05) have shown
improvement. Subsequent division of the plicae resulted in improvement in seven of the
eight knees (87.5%) (P < 0.01). Patients presented with crepitus in 9% of cases (2 of 22),
instability in 13.6% (3 of 22), pseudo-locking in 45.4% (10 of 22), and quadriceps atrophy
in 54.5% (12 of 22). Fourteen knees (63.6%) had Grade 2 plica based on thickness. Twelve
knees demonstrated (54.5%) Grade 2 intermediary effusion. Plica was fenestrated in three
patients (13.6%). All patients regained full range of motion. Lysholm knee scale scores
were compared prior to and postsurgery (preoperative status, 65.22 + 7.41 vs. postoperative
status, 89.43 + 8.72) which revealed a significant clinical improvement (P < 0.001).
Average visual analog scale (VAS) scores (0 — no pain, 10 — excruciating pain) when
compared demonstrated a mean improvement was 4 points; from 6 points before surgery
and 2 points’ postsurgery after a mean follow-up of 3 months. About 68% of patients
after arthroscopic resection had an average VAS score of 0 point and were totally pain
free. Conclusion: Noninvasive capability of MRI can be used as a screening method in
the diagnosis of mediopatellar plica syndrome and should be included in the differential
diagnosis of internal derangement of the knee.

KEYWORDS: Arthroscopy, Lysholm knee scale score, Magnetic resonance imaging, Painful
knee, Synovial plica

ynovial plicae are mesenchymal tissue remnants invagi-
nating into the knee joint between the distal femoral and
proximal tibial epiphyses in the 8-week-old embryo. Synovial
pleats in the knee are the result of incomplete resorption of
embryological remnants. Their classification is based on the
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location as lateral, mediopatellar, suprapatellar, and infrapa-
tellar. The prevalence of synovial plicae ranges from 3% to
30% in western populations with most studies citing approxi-
mately 10% [1]. The inferior and superior plicae are the most
common (50%—-65%) with very little clinical relevance [2].
Mediopatellar plica is commonly symptomatic and is present
at autopsies in one of the every three or four knees. The
lateral plica is rare (1%—3%), wide and thick and has a preva-
lence in one of every 15 knees [3]. Chondromalacia patellae
and medial impingement against the patellofemoral articular
surfaces are often incidentally associated other knee patho-
logic conditions. Medial plica may become symptomatic in
circumstances such as blunt trauma and overuse of the knee.
Ultrasonography, conventional arthrography, conventional
computed tomography (CT), and magnetic resonance imaging
(MRI), CT and MR arthrography can demonstrate the presence
of synovial plica and measure their size with good accuracy.
Gold standard is arthroscopy which allows for dynamic exam-
ination and very precise assessment of the plica [4].

Embryology and anatomy

The synovial membrane of the knee is a complex structure,
and synovial plicae are formed as remnant invaginations of the
synovial membrane. Mesenchymal condensations represent-
ing menisci and cruciate ligaments emerge and a joint cavity
proper separating the three cartilaginous anlagen can be identi-
fied at around the 8" week of fetal development. Over the next
2 weeks, the synovial septa undergo partial resorption and the
meniscotibial, femoro-meniscal, and patellofemoral regions
unite to form a larger cavity which becomes the knee joint. In
regions of the knee joint where mesenchymal cavitation does
not coalesce, the remnant mesenchymal tissue differentiates
into folds of synovium, and when large enough, are consid-
ered as synovial plicae.

Clinical examination

Plicac are synovial remnants during the embryologi-
cal development of the knee and have a potential to become
inflamed. Knee pain is a very common complaint seen in the
clinical setting of plica. Inflammation, osteochondral defects,
medial meniscal tear, or medial patellar plica form the differ-
ential diagnosis of medial knee pain. The diagnosis of medial
plica syndrome is made on the basis of physical examina-
tion and radiological imaging, but the current gold standard
investigation is arthroscopy. Clinical examination is aimed at
reproducing the patient’s symptoms if the snapping plica is
palpated at the medial edge of the patella. However, a defini-
tive diagnosis is possible after surgery. Symptoms are often
related to patellofemoral joint motion such as popping or snap-
ping, pain, crepitus or effusion, and the clinical picture mimics
a medial meniscal tear or transient patellar subluxation. Relief
of chronic symptoms due to plicae is with physiotherapy, non-
steroidal, anti-inflammatory drugs (NSAIDs), local steroidal
injections, and electrophoresis. However, mainstay of treat-
ment is surgical resection.

Imaging appearances

Proton  density, T2-weighted and fat-suppressed
T2-weighted, or gradient-echo images are routinely used
for the plica evaluation and can be seen as low-signal
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intensity bands in the background of high-signal intensity
joint fluid [5]. MR arthrography is a useful technique when
a clinically significant plica is suspected and performed with
T1 weighting and fat suppression with injection of intraarticu-
lar gadolinium-based contrast agents when there is minimal
articular fluid. The contrast agents distend the capsule and
highlight the joint surfaces and provide excellent visualiza-
tion of the plicae. Symptomatic plicae appear thickened with
presence of synovitis and may cause erosion of the patellar
cartilage and condylar surfaces. The relevance of a given plica
seen on MRI is not necessarily based on morphologic fea-
tures and size and do not indicate the clinical significance of
plica. Mediopatellar plica is the most studied plica because it
is commonly symptomatic. The suprapatellar and infrapatellar
plicae have little clinical relevance but have the most common
prevalence, and lateral patellar plica is a rarity [6].

Sakakibara [7] classified mediopatellar plicae into four
types based on the size criteria. The classification scheme
is simple to use and is routinely used in reporting. Types A
and B are not symptomatic plicae. Types C and D are symp-
tomatic plicae as they become hard and thickened and can
lead to entrapment between the patella and medial condyle
causing symptoms similar to internal derangement of the
knee. Fenestrated plicae (Type D) have more clinical rel-
evance and are more likely to be symptomatic than Type
C plica. Fenestrated plica can cause symptoms by causing
impingement on the cartilage of the medial femoral condyle in
extension and articular cartilage of the medial patellar facet in
flexion. Arthroscopic resection is the gold standard treatment
for symptomatic plicae.

MR images demonstrate plicae of varying sizes as low-sig-
nal-intensity bands found in the suprapatellar, infrapatellar,
mediopatellar, and lateral regions. The mediopatellar plica is
also referred to as plica synovialis patellaris, patellar meniscus,
synovial shelf, Iino band, or plica alaris. The mediopatel-
lar plica arises from the medial wall of the knee joint, runs
obliquely downward, and inserts into the synovium covering
the infrapatellar fat pad and frequently has a separate attach-
ment or may be connected with the suprapatellar plica. The
free border of a large mediopatellar plica can run under the
medial facet of the patella or may extend over the medial facet
of the trochlea.

Mediopatellar plicac demonstrate low-signal intensity on
both T1- and T2-weighted images. Plicae can be easily iden-
tified with minimal joint distension, and moderate-to-severe
distension could pull the medial plica away from the medial
condyle, making a Type C plica to look like a Type B plica.
Axial and sagittal sections of T2-weighted MR images are
obtained with or without fat suppression for optimal visual-
ization of mediopatellar plicaec. Mediopatellar plica when large
in size might interfere with arthroscopic visualization of the
medial compartment of the knee.

Management

Arthroscopy is the gold standard to confirm the diag-
nosis [8]. After a diagnosis of mediopatellar, plica syndrome
has been made based on clinical examination findings and
further confirmation on imaging studies, patients were initiated
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with conservative treatment that included NSAIDs or steroid
cortisone injections and quadriceps strengthening exercises.
Response to conservative treatment is mostly dependent on the
duration of symptoms and age of patients. Sakakibara [7] clas-
sified mediopatellar plica into four Types (A, B, C, and D).
Type C and D are considered symptomatic when the plica is
trapped between patella and the medial condyle. Treatment
is first conservative with drugs, and physical therapy and
response are greatest in younger patients with a shorter dura-
tion of symptoms. Surgical management includes division and
excision of pathological plica through arthroscopy. Excision of
pathological plica involves the use of shaver, punch, scissor,
or diathermy devices to resect the plica back to a level where
it no longer impinges. Breaking the continuity of the plica
is termed division. There may be a risk of the two cut ends
re-joining through scar tissue in patients in whom the plica
is divided resulting in return of their symptoms; excision of
the plica has been suggested to be preferential for the above
reason. A standardized and complete arthroscopy of the knee
through the standard anteromedial and anterolateral arthros-
copy portals is crucial for accurate diagnosis. Probing of the
menisci should be performed and visualization of all compart-
ments of the knee to ensure that all pathological causes of
pain present within the knee are excluded.

Aim of the study

The purpose of this study was to identify MR characteris-
tics of the medial plica and to correlate with arthroscopy for
cause confirmation in patients with painful knee.

MATERIALS AND METHODS

This study was undertaken in the department of radiology
at a tertiary care hospital in India over the 2-year between
July 2017 and June 2019. The study protocol was approved
by the institutional ethics committee of Holy Family Hospital
(approval no: IEC/1/972/2017 dated 23 July, 2017). and
informed and written consent was obtained from all patients
in accordance with the ethical principles for human investiga-
tion outlined by the Second Declaration of Helsinki. Clinical
features such as intermittent pain in the anterior aspect of
the knee, palpable tender plica, painful clicking with activity
and giving-way were considered in the diagnosis of synovial
plica syndrome. MR examinations were performed using
QUADKNEE coil on a 1.5-T scanner (Signa, General Electric
Medical Systems, Milwaukee, WI, USA). The criteria studied
were: the presence of the plica, interposition into the femo-
ropatellar joint, intraarticular effusion and fenestrated aspect.
Twenty-two knees (20 patients) diagnosed with mediopatellar
plica syndrome on MRI, and with no other knee pathology,
were treated with arthroscopic division of plicae [Figures la
and b and 2-4].

We considered a medial plica present when we found a
linear structure floating but also when there was a thickening
or a bulge of the joint capsule back the retro patellar fat pad,
supposing that this thickening is composite of the joint capsule
and the medial plica collapsed against the capsule. The medial
plica was considered floating when we could individualize a
linear band with local effusion. The interposition was defined

Figure 1: (a) Axial fat-sat spine-cho proton density magnetic resonance image of
the right knee (3000/50) in a 14-year-old female demonstrating a cord-like elevation
(arrow) in the medial synovial wall consistent with mediopatellar plica (Sakakibara
type A). (b) Associated discoid lateral meniscus (arrow) in the same patient as in
(a). Coronal fat-sat spine-cho proton density magnetic resonance image of the
right knee (4136/50) demonstrating lateral meniscal body width of more than 15
mm with absent bow tie sign

as a medial plica crossing the interposition line. The interposi-
tion line was defined as a line extended between the medial
tip of the patella and the point X. This point X was variable
on each slice and was defined as the intersection of the tan-
gents of the medial condylar facet and the medial trochlear
facet [Figure 3]. The grading of plica thickness was done in
four levels: the absence of plica is Grade 0, <1 mm is Grade
1, <2 mm is Grade 2, <3 mm is Grade 3. Intra-articular effu-
sion was also graded in 4 levels: grade 0 was no effusion or
physiological effusion, Grade 1 small effusion, Grade 2 inter-
mediary effusion, and Grade 3 important effusion. The plica
was considered fenestrated when there had fluid inside.

In all patients, clinical examination findings, radiological,
and intraoperative findings were evaluated. Parameters such as
pain, range of motion, quadriceps atrophy, and patellar stabil-
ity and were evaluated using preoperative status and 3™ week
follow-up. Based on the information obtained from medical
records, preoperative and postoperative Lysholm Knee Scale
scores were assessed and patients were scaled (0—100) related
with their complaints during activity. Lysholm scores below 70
were considered as poor, between 70 and 79 as fair, between
80 and 89 as good, between 90 and 94 as very good, and
between 95 and 100 were considered as excellent results. After
the 1% day of surgery, patients are allowed mobilization, and
physical therapy was begun. Postoperative scores were cal-
culated on the 3 week follow-up (18-29 days). The average
follow-up was 3 months for postoperative cases of synovial
plicae. MRI findings of pathological plicae were reviewed ret-
rospectively and documented.

Statistical analysis

Descriptive statistics were reported using numbers and
percentages for categorical variables. The analysis was done
using Microsoft Excel 2013, Microsoft Corp., Redmond, WA,
USA and SPSS Statistical Package Version 20.0, IBM Corp.,
Armonk, New York, USA. P < 0.05 was considered statisti-
cally significant.
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RESULTS

This study was undertaken on 22 patients with a clinical
diagnosis of synovial plica syndrome referred for MRI at a
tertiary care hospital over the 2-year period. Only two (20.0%)
of the ten knees in which the plicae had not been divided
have shown improvement and six (85.7%) of the seven knees
in which plica had been divided (P < 0.05) have shown
improvement. Subsequent division of the plicae resulted in
improvement in seven of the eight knees (87.5%) (P < 0.01).

The mean age was 14.2 years for the study group
(14 females and 6 males; range age: 8-20). The medial plica
syndrome predominantly affected females (Sex Ratio = 2.66).
Two patients presented a bilateral plica syndrome (10%). In
the current study, a frequent sporting activity was present in
33.3% of cases (6 of 18) and a triggering trauma in 55.5%
(10 of 18). Patients presented with crepitus in 9% of cases
(2 of 22), instability in 13.6% (3 of 22), pseudo-locking
in 45.4% (10 of 22), and quadriceps atrophy in 54.5% (12
of 22). Fourteen knees (63.6%) had Grade 2 plica based on
thickness. Twelve knees demonstrated (54.5%) Grade 2 inter-
mediary effusion. Plica was fenestrated in 3 patients (13.6%).
Arthroscopic plica resection was undertaken in eighteen knees
with complete regression of the pain at 6 months in 77.7% of
cases (14 of 18 patients).

The diagnosis of symptomatic mediopatellar plica on
arthroscope was due to range of findings such as (A) plica
edema and hyperemia; (B) hypertrophy of plica breadth
over 1/2-1/3 of the femoral condyle width; (C) thicken-
ing, stiffening, and fibration with loss of elasticity leading to
Plica ischemia; and (D) plica reaching into the joint space
in movement; softening of cartilage with exfoliation and
indentation-like wear. Arthroscopic classification criteria
for mediopatellar plica used in the current study was: Type
A: Plica forming a membrane-like or cord-like bulge on the
medial wall, Type B: Shelf-like enlargement of plica, with its
breadth exceeding 1/2—1/3 of medial femoral condyle, Type
C: A large shelf-like enlargement covering the anteromedial
femoral condylar surface; and Type D: Retains the same shape
as Type C, with bucket handle tears in the middle of the plica
associated with a double insertion on the medial wall.

Four knees had hypertrophic plica with no intra-articular
degenerative findings. Three knees demonstrated softening of
the patellar cartilage. In the current study, all medial menisci
were intact with no additional intra-articular lesions which
would have resulted as the source of symptoms; three patients
had restriction in the range of motion because of effusion, but
resolved within 2 weeks in the early postoperative period;
eighteen patients showed satisfactory functional outcome;
three knees of two patients with a Lysholm Knee Scale score
below 75 complained of pain and was defaulted on physical
therapy. In the current study, none of the patients demonstrated
degenerative changes in the medial femoral compartment. All
of the patients regained a full range of motion. Comparative
scores before and after surgery revealed a significant clinical
improvement (preoperative status, 65.22 + 7.41 vs. postopera-
tive status, 89.43 + 8.72; P < 0.001). Average visual analog
scale (VAS) scores (0 — no pain, 10 — excruciating pain)
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hypointense structure (arrow) traversing through the infrapatellar fat pad consistent
with a diagnosis of infrapatellar plica

Figure 3: Axial fat-sat spin-echo proton density (3000/50) magnetic resonance
image demonstrate a thin, hypointense line (arrow) originating from the medial
wall of the left knee joint consistent with mediopatellar plica (Sakakibara type B).
Intersection point defining the point X

Figure 4: Medial patellar plica on arthroscopy

when compared demonstrated a mean improvement was
4 points; from 6 points before surgery and 2 points postsurgery
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after a mean follow-up period of 3 months. Sixty-eight percent
of patients after arthroscopic resection had an average VAS
score of 0 point and were totally pain free.

DiscussIioN

The prevalence of mediopatellar plica is the most common
in young adults with sports and repetitive activities. Medial
patellar pain during physical activity or rest is the commonest
symptom with a cord-like tender structure palpable medial to
the patella. Axial and sagittal proton density or T2-weighted
images with or without fat suppression are most valuable in
demonstrating mediopatellar plica, as they appear as low
signal intensity bands on both T1- and T2-weighted images,
pronounced against the background of high signal fluid inten-
sity within the joint cavity.

The mediopatellar plica is frequently considered to be
pathological and is most commonly symptomatic [9]. Most
studies that have described mediopatellar plica were ret-
rospective studies series with relatively small numbers of
patients [10]. Studies have even reported the infrapatel-
lar plica as pathological [11]. Demirag et al. [2] reported a
series of 14 patients with anterior knee pain and a thickened
infrapatellar plica. In the series, the post excision of plica all
patients improved but for three patients who developed recur-
rent symptoms later. Kinnard and Levesque [12] implicated
suprapatellar plica as a common pathology and reported a
series of 18 patients with suprapatellar plica who underwent
arthroscopic excision. In the series, 10 patients showed com-
plete resolution of symptoms, three showed improvement, five
had no improvement and one reported being worse. Reports
of symptomatic lateral patellar plica are rare [13]. Dorchak et
al. [14] in a series of 51 cases had reported four pathological
lateral plicae. In the series, two patients had complete relief
following arthroscopic excision, one patient showed improve-
ment and one patient showed no improvement at 4 years’
postsurgery.

Knee plicae are embryological remnants in the development
of the synovial membrane which are synovial invaginations
into the joint cavity. Mediopatellar plica typically involves the
young patients involved in repetitive athletic activity. Plicae
>] mm are mostly asymptomatic and may be prevalent in
over 70% of young population. However, plicae may become
inflamed and symptomatic, with fibrosis occurring in chronic
cases rendering the plicae painful and inflexible. We have
described the medial plica shelf syndrome as a clinical entity
in a female child of 8 years age who presented with chronic
medial knee pain with symptoms suggesting a possible cause
of internal derangement of the knee. It most frequently mim-
icked chondromalacia of the patella and may also lead to it
[Figure 5a and b]. The results of patellar division not only
have been gratifying over the period of follow-up (3 months)
but in all probability have prevented further serious damage to
the knee. In the current study, good to excellent pain relief has
been demonstrated in majority of patients at final follow-up
following arthroscopic excision. This finding came to light
regardless of the duration of symptoms or size of the plica.
The current study focuses on the adolescent population (10—19

years), and we demonstrated a high rate of female prevalence
[Figure 6a and b]. According to the findings of the current
study, we hypothesize the fact that in children to adults,
mediopatellar plica syndrome represents a component of the
abnormal patellofemoral biomechanics due to repetitive activ-
ity. In the current study, we had a 20-year-old young adult
female patient with symptoms relating to mediopatellar plica
and did not show improvement postsurgery [Figure 7a and b].
Physiotherapy, NSAIDs and steroid injection did not better her
condition and her symptoms were relieved following a second

Figure 5: (a) The Diagnosis of mediopatellar plica (star) on arthroscopy
demonstrating plica ischemia with thickening, stiffening and elasticity loss. (b)
Medial patellar plica (Sakakibara type B) in an 8-year-old female child. Axial
fat-sat spine-cho proton density-weighted magnetic resonance image of the right
knee (3000/50) demonstrating a cord-like elevation (arrow) originating from the
medial synovial wall

Figure 6: (a) Hypertrophic medial plica tissue (arrow) extending intra-articularly
(Sakakibara type C) in a 14-year-old adolescent female. (b) Diagnosis of
mediopatellar plica (star) on arthroscopy demonstrating plica hyperemia and edema

a b

Figure 7: (a) Medial patellar plica (Sakakibara type A) in a 20-year-old young adult
male. Axial fat-sat spin-echo proton density (3000/50) magnetic resonance image
demonstrating a thin, hypointense line (arrow) originating from the medial wall
of the right knee joint. (b) Diagnosis of mediopatellar plica (star) on arthroscopy
demonstrating plica reaching the joint space, exfoliates, or an indentation like wear
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arthroscopic excision in which retinacular bands and synovial
plicae were removed.

The prevalence of synovial plica is variable based on dif-
ferent imaging modalities. Only few prior imaging studies
are available in literature which highlight the importance of
plicae detection on MRI detected as low-signal intensity
bands against high-signal fluid intensity in the joint space.
Arthroscopy is the gold standard procedure and is also more
prevalent to diagnose the synovial plica. Suprapatellar plicae
were classified into four types by Zidorn [15] based on the
plicae morphology. Series on infrapatellar plica injury reported
by Cothran et al. [16] is the only available study. Mediopatellar
plicae categorization into four groups by Sakakibra [7] is the
simplest and is based on size criteria. Rare correlation of
lateral plica with lateral subluxation of patella was reported by
Ogata and Uhthoff [17].

The findings of the current study are compliant with earlier
studies. Barber [18] demonstrated complete resolution of
symptoms in 18/18 patients following arthroscopic excision of
plica. Koshino and Okamoto [19] demonstrated improvement
in 26/32 patients after medial plica excision. Muse et al. [20]
demonstrated resolution of symptoms in 38/42 patients follow-
ing excision of plica. Munzinger ef al. [21] demonstrated good
improvement in 12/15 patients and fair improvement in 3/15
patients postexcision of medial plica.

CONCLUSION

Synovial plica syndrome is diagnosed based on findings
such as diffusely thickened plica with nonspecific findings on
MRI in the clinical setting of trauma and pain. Noninvasive
capability of MRI can be used as a screening method in the
diagnosis of mediopatellar plica syndrome and should be
included in the differential diagnosis of internal derangement
of the knee. The current study based on VAS scores concludes
that synovial plicae of the knee may have a definite correla-
tion with painful knee. Associated lesions of the knee make
synovial plica evaluation often difficult to analyze.

Limitations of the study

The limitation of our study includes relatively small
number of cases. Further prospective and retrospective studies
must be undertaken on a large scale to identify parameters on
imaging and arthroscopy for easily missed and neglected diag-
nosis of synovial plica syndrome. The significance of the plica
diagnosis can avoid uncertainty, unnecessary arthroscopies,
and can alter the patient management.
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